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PUBLISHERS'  NOTE  TO  THE  NEW  AMERICAN  EDITION. 


In  his  masterpiece  Henrt  Gray  left  undying  evidence  of  his  anatomical 
knowledge  and  of  his  comprehension  of  the  best  method  of  imparting  it  to  other 
minds.  After  forty  years  its  merits  are  only  brightened  by  the  numerous  works 
which  have  endeavored  to  contest  its  supremacy.  During  that  time  it  has  had 
the  benefit  of  the  careful  scrutiny  of  many  leading  anatomists  of  the  English- 
speaking  race.  Anatomy  is  far  from  stationary,  either  in  its  facts  or  in  improve- 
ments in  the  method  of  their  presentation ;  hence  any  work  which  would  faith- 
fully reflect  the  existing  position  of  the  science  must  be  revised  at  comparatively 
frequent  intervals.  Fortunately  for  students  and  practitioners,  Grray'%  Anatomy 
enjoys  a  demand  rendering  such  revision  possible. 

An  evidence  of  the  unremitting  attention  bestowed  on  this  book  is  afforded 
in  the  issue  now  presented.  Its  basis  is  found  in  the  revision  of  1896  by  Pro- 
fessor J.  Playfair  McMurrich  and  Dr.  B.  B.  Gallaudet.  The  new  chapters  on 
the  Brain  and  the  Abdominal  Viscera  by  Dr.  Gallaudet  and  Dr.  F.  J.  Brock  way, 
respectively,  have  been  retained.  The  section  on  the  Mouth  and  Teeth  has  been 
rewritten  by  Prof.  H.  H.  Burchard,  who  has  taken  account  of  the  latest  advances 
in  the  highly  specialized  department  which  particularly  concerns  students  and 
practitioners  of  Dentistry. 

The  splendid  illustrations  in  Gray  have  long  been  known  as  the  most  effective 
and  intelligible  presentations  of  anatomical  structures  ever  produced.  In  the 
edition  of  1896  this  series  was  increased  by  the  addition  of  one  hundred  and 
thirty-five  new  pictures.  The  total  of  seven  hundred  and  seventy-two  illus- 
trations stands  unchanged  in  the  new  issue,  but  it  includes  a  large  number  of 
new  engravings,  no  expense  having  been  spared  to  effect  improvement  wherever 
possible. 

The  practical  application  of  anatomical  facts  in  medicine  and  surgery  has 
always  been  a  prominent  feature  of  the  work,  and  this  distinctive  character- 
istic has  received  especial  care. 

In  short,  this  edition  is  presented  to  the  medical  public  with  the  con- 
fident expectation  that  it  will  be  found  worthy  in  every  respect  to  main- 
tain the  exalted  position  which  the  work  has  for  so  many  years  enjoyed 
as  the  most  convenient  and  intelligible  exposition  of  its   subject. 


PREFACE  TO  THE  THIRTEENTH  ENGLISH  EDITION. 


Whbn  Hbnry  Gray  published  this  work  in  1858,  he  entitled  it  Anatomyy 
Descriptive  and  Surgical^  and  he  introduced  under  each  subdivision  such 
observations  on  practical  points  of  Surgery  as  show  the  necessity  of  an  accurate 
acquaintance  with  the  anatomy  of  the  part  under  examination.  This  was  the 
first  time  that  such  an  endeavor  had  been  made  by  an  English  Anatomist. 

The  Editor  has  endeavored  to  follow  in  the  lines  originally  laid  down 
by  the  Author,  and  has  tried  to  keep  before  himself  the  fact  that  the 
work  is  intended  for  Students  of  Surgery  rather  than  for  the  Scientific 
Anatomist.  Not  that  the  Editor  would  wish  to  disparage,  for  an  instant,  the 
study  of  Philosophical  or  Scientific  Anatomy,  but  that  he  thought  it  right,  con- 
sidering the  class  of  students  for  whom  the  work  is  primarily  intended,  that  he 
should  be  practical  rather  than  abstract  and  theoretical.  Accordingly,  he  haa 
not  altered  in  any  way  the  original  plan  of  the  work,  but  has  endeavored  to 
render  it  more  practical,  and  of  more  use  to  the  student,  who  will  hereafter 
have  to  apply  his  knowledge  of  Anatomy  to  his  practice  of  Surgery,  by  intro- 
ducing a  considerably  increased  amount  of  Surgical  Anatomy,  and  by  pointing 
out  the  bearings  of  Anatomy  on  the  practice  of  Surgery. 

In  addition  to  this,  the  whole  work  has  undergone  a  careful  revision,  and  in 
some  minor  details  a  rearrangement  has  been  made. 

The  Editor  is  deeply  indebted  to  his  friend  Mr.  Ross  for  much  kind  assist- 
ance in  the  preparation  of  this  edition,  and  also  for  the  help  that  he  has  rendered 
him  in  passing  these  pages  through  the  press. 

To  Dr.  Leonard  Remfry  he  is  also  much  indebted  for  his  kindness  in  revis- 
ing the  section  on  the  anatomy  of  the  Female  Organs  of  Generation. 

Several  new  illustrations  have  been  added,  principally  from  dissections  in  the 
Hunterian  Museum  of  the  Royal  College  of  Surgeons.  The  Editor  takes  this 
opportunity  of  thanking  Prosector  Pearson  for  the  kind  interest  he  has  dis- 
played and  assistance  he  has  rendered  in  the  preparation  of  these  drawings, 
which  were  taken  from  dissections  made  by  this  master  in  the  art  of  dissecting. 
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GENERAL  ANATOMY. 


THE  fluids  of  the  body,  which  are  intended  for  its  nutrition,  are  the  lymph, 
the  chyle,  and  the  blood.  There  are  other  fluids  also  which  partially 
subserve  the  same  purpose,  as  the  saliva,  the  gastric  juice,  the  bile,  the  intestinal 
secretion  ;  and  others  which  are  purely  excrementitious,  as  the  urine.  But  there 
is  no  need  to  describe  the  rest  in  this  place,  since  they  are  the  secretions  of  special 
organs,  and  are  described,  as  far  as  is  judged  necessary  for  the  purposes  of  this 
work,  in  subsequent  pages.  We  shall  here  speak  first  of  the  blood,  and  next  of 
the  lymph  and  chyle. 

THE  BLOOD. 

The  blood  is  a  thickish,  opaque  fluid,  of  a  bright-red  or  scarlet  color  when  it 
flows  from  the  arteries,  of  a  dark-red  or  purple  color  when  it  flows  from  the  veins. 
It  is  viscid,  and  has  a  somewhat  clammy  feeling ;  it  is  salt  to  the  taste,  and  has  a 
peculiar  faint  odor.  It  has  an  alkaline  reaction.  Its  specific  gravity  at  60°  F.  is 
about  1.055,  and  its  temperature  is  generally  about  100°  F.,  though  varying 
slightly  in  different  parts  of  the  body. 

Qeneral  Composition  of  the  Blood. — When  blood  is  drawn  from  the  body  and 
allowed  to  stand,  it  solidifies  in  the  course  of  a  very  few  minutes  into  a  jelly-like 
mass,  which  has  the  same  appearance  and  volume  as  the  fluid  blood,  and,  IH^e  it, 
looks  quite  uniform.  Soon,  however,  drops  of  a  transparent  yellowish  fluid  begin 
to  ooze  out  from  the  surface  of  this  mass  and  to  collect  around  it.  Coincidently 
with  this  the  clot  begins  to  contract,  so  that,  in  the  course  of  about  twenty-four 
hours,  the  original  mass  of  coagulated  blood  has  become  separated  into  two  parts 
— a  "  clot "  or  "  coagulum,"  considerably  smaller  and  firmer  than  the  first-formed 
jelly-like  mass,  and  a  large  quantity  of  yellowish  fluid,  the  serum,  in  which  the 
clot  floats. 

The  clot  thus  formed  consists  of  a  solid,  colorless  material,  called  fibrin^  and 
a  large  number  of  minute  cells  or  corpuscles,  called  blood-corpuscles,  which  are 
entangled  and  enclosed  in  the  fibrin.  The  fibrin  is  formed  during  the  act  of  solidi- 
fication. In  the  fluid  blood  in  the  living  body  there  is  a  substance,  named 
fibrinogen,  which  when  acted  upon  by  a  second  material,  also  contained  in  the 
blood,  and  named  a  fibrin-ferment,  forms  a  solid  substance,  fibrin.  This  latter 
in  its  process  of  solidification  encloses  and  entangles  the  blood-corpuscles,  and 
thus  the  clot  is  formed. 

Recent  observations  have  shown  that  the  presence  of  a  trace  of  a  calcium  salt 
is  a  necessary  condition  for  the  transformation  of  fibrinogen  into  fibrin.  The 
fibrin-ferment  does  not  exist  as  such  in  the  blood  contained  in  the  blood-vessels, 
but  seems  to  result  from  the  destruction  of  what  are  known  as  the  white  corpus- 
cles and  the  blood-plaques  to  be  described  later.  These  structures,  more  espe- 
cially the  plaques,  disintegrate  very  rapidly  when  blood  is  drawn  from  the  body, 
liberating  the  ferment,  and  so  producing  coagulation,  and  lesions  of  the  cells 
lining  the  interior  of  the  blood-vessels  seem  also  to  give  rise  to  ferment-produc- 
tion and  the  intra-vascular  formation  of  fibrin. 
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We  may  now  consider  the  constituents  of  tlu*  blood  in  another  way.  If  a  drop 
of  blood  is  placed  in  a  thin  layer  on  a  glass  slide  and  examined  under  the  micro- 
scope, it  will  be  seen  to  consist  of  a  number  of  minute  bodies  or  corpuscles  floatin*^ 
in  a  clear  tliiid;  and,  on  more  minute  examination,  it  will  be  found  that  these  cor- 
puseles  are  principally  of  two  kinds.  The  one,  greatly  preponderating  over  the 
other  in  point  of  numbers,  is  termed  the  eohred  eorpui^f^h' ;  the  other,  fewer  in 
number  and  less  cons|>icuous,  is  termed  the  eolorkM  eorpuHch\  From  this  we 
learn  that  blood  is  a  fluid  holding  a  large  number  of  corpuscles  of  two  varieties  in 
suspension.  The  fluid  is  named  h'<jtfi/r  ifanfinhm  or  plaitma.  and  must  not  be  con- 
fused with  the  serum  spoken  of  above  in  eonneetion  with  the  coagulation  of  the 
blood*  It  is  serum  and  something  more,  for  it  contains  one  at  least  of  the 
elements  or  factors  from  which  fibrin  is  formed.  The  relatir>n  of  these  various 
constituents  of  hh>od  to  each  other  will  be  easily  understood  by  a  reference  to  the 
subjoined  plan : 

f  C'olored 
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The  blood-corpuficles,  blood-diaki,  blood-globuks  are,  as  before  stated,  of  two 
kinds:  the  red  or  colored,  and  the  white  or  colorless  corpuscles.  The  relative 
proportion  of  the  one  to  the  other  has  been  variously  estimated  and  no  doubt 
varies  under  different  eireumstanees.  Thus  venesection,  by  withdrawing  n  large 
proportion  of  the  red  globules,  and  l>y  fiivoring  the  absorption  of  lymphatic  fluid 
into  the  blood,  greatly  increases  the  relative  proportion  of  the  white  corpuscles. 
Klein  states  that  in  healthy  human  blood  there  appears  to  be  one  white  corpuscle 
for  t)Ol)-12yO  red  ones.  The  proportion  of  corpuscles,  colored  and  crdorless  com* 
bined,  to  liquor  sanguinis  is  in  one  hundred  volumes  of  blood  about  thirtj^sjx 
volumes  of  the  former  to  sixty-four  of  the  bitter. 

Colored  corpuBclea  when  examined  under  the  microscope  are  seen  to  be  circular 
disks,  biconcave  in  profile,  having  a  slight  centnd  depression,  with  a  rai.sed  bor- 
der (Fig.  1,  />).     When  viewed  with  a  modemte  inagnifving  power,  this  central 

depression  looks  darker  than  the  ^AgG.  When  exam- 
ined singly  by  transmitted  light,  their  color  appears  to 
be  of  a  iaint  reddish-yellow  when  derived  from  arterial 
blood.  an<l  greenish-yellow  in  venous  blood.  It  is  to 
their  aggregai ion  that  blond  owes  its  red  hue.  Their 
size  varies  slightly  even  in  the  same  dniji  of  blood,  but 
it  may  be  stated  that  their  average  diameter  is  about 
g ^^ ^  of  an  inch,  their  thickness  about  j^^Tjiy*  '**'  nearly 
one-quarter  of  their  diameter.  Besides  these*  especially 
in  some  amemic  and  diseased  conditions,  certain  cor- 
puscles are  found  of  a  much  smaller  size,  about  one- 
third  or  half  the  size  of  the  ordinary  one*  These, 
however,  are  very  scarce  in  nrvrmal  blood.  The  number  of  red  corpuscles  in  the 
blood  is  enormous;  between  4,000,000  and  5,000,000  are  contained  in  a  cubic 
millimetre.  Power  states  that  the  red  corjmseles  of  an  adult  wiuild  ]u*esent  an 
aggregate  surface  of  about  3000  square  yards.  Human  blood-disks  present  no 
trace  of  a  nucleus.  They  consist  of  two  parts:  a  colorless  envelope,  or  investing 
membrane,  which  is  composed  largely  of  fatty  material ;  and  a  colored  fluid  con- 
tents, which  is  a  solution  of  a  substance  named  hwmotjhhin.  Hamiof/hMn  is  a 
proteid  compound  of  a  very  complex  constitution,  the  hiemoglobin  of  the  horse 
having  the  formula  C7,JIi^3,^N3,4S3FeO.^.  It  has  a  great  affinity  for  oxygen,  aud 
when  removed  from  the  body  crystallizes  readily  under  certain  circumstances, 
It  is  readily  soluble  in  water,  and  the  addition  of  this  fluid  to  a  drop  of  blood 
speedily  dissolves  out  htcmoglobin  from  the  corpuscle. 


Flu,  L— llumjiti  blcMitd  eorpu*- 
clea.  a.  Seen  from  iiw  snrmoe. 
h.  S«*t'ti  from  the  eldi*.  r  i  iiit*nt 
ill  roultttiix,  d.  Rendered  sphtr- 
iful  by  vi  liter,  c.  Decolorized 
Ijy  tlie  RiiQie.  /.  BltHMj-globiileB 
shrunk  by  cva|Hjrati«n, 
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THE  BLOOD. 
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If  the  web  of  a  frog*s  foot  is  spread  out  and  examined  under  the  microscope, 
the  blood  ie*  seen  to  flow  in  a  continuous  stream  through  the  vessels,  and  the 
corpUBcles  show  no  tendency  to  adhere  to  each  other  or  to  the  wall  of  the  vessel. 
Doubtless  the  same  is  the  ea^e  in  tlie  human  body  ;  hut  when  drawn  and  examined 
on  a  slide  without  reagents,  the  blood-globules  often  collect  into  heaps  like 
roaleanx  of  coins  (Fig.  1,  e). 

During  life  the  red  corpuscles  may  be  seen  to  change  iheir  shape  under  pres- 
sure so  a8  to  adapt  themselves  to  some  extent  to  the  size  of  ihe  vessel.  They  are 
also  highly  elaistic,  for  they  speedily  recover  their  shajre  when  the  pressure  is 
removed.  They  are  soon  influenced  by  the  medium  in  which  they  are  placed, 
and  by  the  specific  gravity  of  the  medium.  In  water  they  swell  up,  hjse  their 
shape,  and  become  globular;  anbaequently  the  haemoglobin  becomes  dissolved  out, 
and  the  envelope  can  be  barely  distinguished  as  a  faint,  circular  outline.  Solu- 
tions of  salt  or  sugar,  denser  than  the  serum,  give  them  a  stellate  or  crenated 
appearance;  and  the  usual  shape  may  be  restored  by  diluting  the  solution  to  the 
proper  point.  The  sarae  crenated  outline  may  be  produced  as  the  first  effect  of 
the  passage  of  an  electric  shock  ;  8ubse(|uent1y,  if  sufficiently  strong,  the  shock 
mptures  the  envelope.  A  solution  of  salt  or  sugar  of  the  same  specidc  gravity  as 
serum  merely  separates  the  blood-globules  mechanically  without  changing  their 
shape. 

The  white  corpuscles  (Fig.  2)  are  rather  larger  than  the  red  in  human  blood, 
'mea^Huring  from  about  ^jjif  to  xsVrr  ^f  ^^  iti^'l*  ^'^  diameter.  They  ctujsist  of  a 
ti-ansparent  granular-looking  protoplasm  containing  one,  two,  or  more  nuclei,  and 
presenting  bright  granules,  which  vary  in  different  corpuscles  both  in  quantity 
and  in  their  behavior  to  micro-eheraical  reagents.  When  absolutely  at  rest  they 
are  rounded  or  spheroidal,  but  wilder 
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ordinary  circumstance.'*  their  form  is 
very  various,  and  they  have  the  re- 
markable property  of  undergoing 
** amoeboid*'  changes  (Fig*  8),  That 
is  to  say,  they  have  the  power  of  send- 
ing out  finger-shaped  or  filauieutous 
processes  of  iheir  own  substaDce,  by 

which   they  move  and  take  up  gran-  y^2.-.i.  white  cfi'^wies  of  hun.Hn  blood,    d.  Ked 
ules  from   the  surrrmnding  substance.  corpuscles.   High  power. 

In  locomotion  the  corpuscle  pushes  out  a  process  of  its  substance — a  pseudopoJium^ 
as  it  is  called — and  then  shifts  the  rest  of  the  body  into  it.  In  the  same  way, 
when  any  granule  or  particle  comes  in  its  way  it  wraps  a  pseudopodium  round  it. 
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Fx6. 8.— UtunAii  colnrle.'^  blrM^d-corpuscle,  f-bowing  Jt«  successive  chaDget  of  outline  within  ten 
minutes  when  kt-pt  moint  on  n  warm  fftage.    I'Schofleld.) 


and  then*  withdrawing  it,  lodges  the  particle  in  its  own  substance.  By  means  of 
these  am<T?boid  properties  thev  have  the  power  of  wandering  or  emigrating  from 
the  blood-vessels  by  [penetrating  their  coats,  and  thus  finding  their  way  into  the 
perivascular  spaces. 

The  white  corpuscle  may  be  taken  as  the  type  of  a  true  animal  celL  It  has 
no  limiting  membrane,  but  consists  of  a  mass  of  transparent  albuminous  substance, 
called  protoplasm,  containing  one  or  more  nuclei.  These  nuclei  may  assume 
varying  shapes,  being  sometimes  spherical,  sometimes  horseshoe-shaped^  some- 
times  moniliform,  these  various  shapes  being  transition  stages  between  the  mono- 
nuclear and  poly  nuclear  corpuscles. 

The  white  corpuscles  are  very  similar  to,  if  not  identical  with,  the  corpuscles 
of  lymph  and  chyle,  and  they  also  bear  a  strong  resemblance  to  the  ceUs  found 
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in  pua.  From  the  fact  that  cells  exactly  like  the  colorless  corpuscles  are  being 
cniii^taritly  ftiriiishe*!  to  the  blood  hy  the  lymphatic  ve^isels  and  the  eliyle-ducts, 
and  also  froni  their  varying  |>roportions  in  different  parts  of  the  circulation  and 
in  diflerent  pathological  conditions,  the  colorless  corpuscles  have  been  regarded 
— erroueonsly,  however — as  an  earlier  stage  of  the  colored  bl nod-disks,  but  the 
evidence  in  favor  of  this  must  be  regarded  as  cjnite  inconclusive. 

There  can  be  no  doubt  that  during  embryonic  life  the  red  corpuscles  are 
developed  from  mesoblastic  cells  in  the  vascular  area  of  the  blastoderm.  They 
are  at  first  nucleated  and  resemble  white  corpuscles,  except  in  their  color,  andt 
like  th  e  m ,  a  re  possess  e<l  of  a  in  ie  b  o  i  d  m  o  v  em  en  t  s .  T  h  ey  a  re  s  ii  c  c  ee  ded  b  y  sm  a  Her, 
Hon -uncle  a  ted  corpuscles,  having  all  the  characters  of  adnlt  colored  corpuscles, 
probably  formed  by  a  conversion  of  the  former  into  the  latter.  So  that  at  birth 
the  nucleated  red  corpuscles  have  disappeared.  In  after  life  an  important  source 
of  the  red  corpuscles  is  the  red  marrow  of  bones,  in  which  certain  cells  fomnd  in 
Lthe  marrow  are  convert e<l  into  colored  bl<iod-cor|niscles  by  the  b>ss  of  their  nriclei, 
Fand  by  their  itrotoplasm  becoming  tinged  with  yellow*  It  is  probable,  also,  that 
the  s|»leen  may  be  a  place  fur  the  fonitati*>n  of  red  corpuscles.  This  theory,  which 
was  formerly  universally  believed,  an<l  was  then  discarded  for  the  hypotbesis  that 
the  spleen  was  concerned  in  the  destruction  of  the  red  corpuscles,  has  lately  been 
revived  by  Bizzozero.  The  question  must  still  be  regarded  as  ^lib  ju*lke.  The 
proportion  of  \\hite  corpnscles  appears  to  vary  considerably  in  different  partg  of 
the  circubitioti,  being  much  larger  in  tlie  blood  of  the  s|ilenic  vein  and  hepatic  vein 
than  ill  other  parts  of  the  body,  while  in  the  splenic  artery  they  are  very  scanty. 
In  addition  to  these  corpuscles,  a  third  variety  is  found  in  mammalian  hloint, 
and  has  been  specially  studied  and  described  by  Ilayem,  Bizzozero,  and  Usler. 
They  are  pale  circular  or  oval  disks»  about  one-quarter  or  one-third  the  size  of  the 
red  blood-corpuscles,  and  apparently  contain  no  nucleus.  They  have  been  named 
bhod-phiten  or  Mood^plaqneH^  and  are  supposed  by  Bizzozero  to  originate  the  fibrin- 
feiiuent,  and  to  be  especially  concerned  in  the  eoagtdation  of  the  blood. 

The  liquor  sanguinis  or  plasma  is  the  fluid  part  of  the  bloo^l,  and  contains  in 
eolation  various  organic  sul)stances,  gucb  as  jibrinoiien^  paraghhuUn  or  Berum 
ghjiulin^  and  s*^ntm  alhum<'n,  together  with  certain  salts,  sugar,  fatty  matter,  and 
gases,  raraglohnlin  is  probf^bly  containe*l  partly  in  solution  in  the  plasma,  wnd 
partly  in  the  colorless  corjiustles,  and  can  be  obtained  by  diluting  the  liipior  san- 
guinis with  ten  times  its  volume  of  ice-cold  water,  and  tlien  transmitting  tiirough 
it  a  stream  of  carbon  dioxide.  Fibrinogen  may  be  obtainetl  in  the  same  way  as 
paruglobutiTi,  Imt  the  liijuor  sanguinis  must  be  still  further  diluted  and  the  current 
of  carbon  dioxide  must  pass  for  a  much  longer  time.  Fibrin  may  be  obtained 
by  whipping  tlte  blood,  after  it  has  been  withdrawn  from  the  body,  with  a  bundle 
of  twigs,  to  which  the  fibrin,  as  it  coagulates,  adheres.  Fibrin  may  also  be 
tibtained  by  filtering  the  freshly-drawn  blood  of  an  animal  whose  coT|)uscles  are 
large,  care  being  taken  to  retard  coagulation  as  long  as  possible.  Under  these 
circumstances  the  corpuscles  are  retained  on  the  filter,  and  the  liquor  sanguinis, 
passing  through,  coagulates  and  separates  into  fibrin,  free  fi*om  corpuscles,  and 
serum. 

Fibrin,  thus  obtained,  is  a  white  or  buff-eolnred  substance,  presenting  a 
stringy  appearance,  and  under  the  microscope  exhildting  fibrillation.  When 
exposed  to  the  air  for  some  time,  it  becomes  hard,  dry,  brown,  and  brittle.  It  is 
a  proteid  eomj>oiind.  insoluble  in  hot  or  cold  water,  alcohol  or  ether.  Under  the 
influence  of  dilute  hydrochloric  acid  it  swells  up,  but  does  not  dissolve;  but  when 
thus  swollen  it  is  easily  dissolved  by  a  solution  of  pepsin.  If  heated  for  a 
considerable  time  in  a  solutiou  of  dilute  hydrochloric  acid,  it  gradually 
dissolves. 

Semm  is  the  fluid  liquor  sanguinis  after  the  fibrin  has  been  separated  from  it* 
It  is  a  Straw-colored  fluid  having  a  specific  gravity  of  1.027,  with  an  alkaline 
reaction.  Upon  l*oiling  it  becomes  solid,  on  account  of  the  albumen  which  it 
contains.     It  contains  also  salts,  fatty  matters,  sugar,  and  gases. 
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Gases  of  the  Blood. — ^When  blood  is  exposed  to  the  vacimin  of  an  air-pump, 
ahout  half  its;  volume  is  given  off  in  the  form  of  gases.  These  are  carbon  dioxide, 
oxygen,  and  nitrogen.  Tlje  relative  i|uantities  in  100  volumes  of  arterial  Jirid 
venons  blood,  at  0°  C.  and  1  m.  pressure  of  mercury  are  shown  in  the  aecom- 
pnnving  table : 

Oxygon.       Carbon  dJoxidc  Nltriigen. 

, Arterial  blood,  16  vols,  30  vols.  1  to  2  vols. 

Veoou«  blood,  G  to  10  vols.       35  vok.  1  to  2  vob. 

Roughly  stated,  they  are  as  follows:  Carbon  dioxide  about  two-thirds  of  the 
whole  yuantity  of  gas,  oxygen  rather  less  than  one-third,  nitrogen  below  one- 
tenth  (Huxley),  The  greater  quantity  of  the  oxygen  is  in  I«»ose  chemical  com- 
bination with  the  hseraoglnbin  of  the  blood-corpuscles,  but  some  part  is  simply 
absorbed,  just  as  it  would  be  by  water.  The  carbon  dioxide  is  in  a  state  of  fhein-  . 
ical  combination  with  the  salts  of  the  serum,  especially  the  sodium,  with  which  it  is 
combined  parti v  as  a  carbonate  and  partly  as  a  bicarbonate*  The  nitrogen  is 
unimportant.  It  (or  at  least  the  greater  part  of  it)  is  merely  absorbed  from  the 
atmosphere  under  the  pressure  to  which  the  blood  is  exposed,  and  can  therefore  be 
f  mech  a  n  i  cal  1  y  rctn  o  v  ed. 

Blood-crystals. — Ili^moglobin,  as  stated  above,  when  separated  from  the  blood- 
corpuscles,  readily  undergoes  crystalliKation.  These  crystals,  named  hiimoghhin 
crifstais,  all  belong,  with  the  exception  of  those  obtained  from  the  squirrel,  to  the 
rhombic  system.     In  human  blood  they  are  ehmgated  prisrus  (Fig*  4,  a).     In  the 
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Fig.  4.— Blood-cryttali.    a,  Hsemoglabln  crystals  (Vom  human  blood,    b.  Hiftinfn  ctystati  from  hhmd  treated 
wIUi  BcvUc  acid.    c.  lia^matoldln  cryBlalu  frf»m  an  otd  jifHipleelic  elot 

squirrel  they  are  hexagonal  plates.  Other  crystals  may  be  obtained  by  mixing 
dried  blood  with  an  equal  (piantity  of  common  salt,  and  boiling  it  with  a  few  drops 
of  glacial  acetic  acid.  A  drop  of  the  mixture  placed  on  the  slide  will  show  the 
crystals  on  cooling.  These  are  named  kfemin  crystals,  and  consist  of  small  acic- 
ular  prisms  (Fig,  4,  b).  Occasionally  in  old  blood-clots  a  third  form  of  crystal  is 
found,  the  htematoidin  crystal  {Fig.  4,  t ). 


LYMPH  AND  CH^IiE. 

Lymph  is  a  transparent,  colorless,  or  slightly  yellow  fluid,  which  is  conveyed 
bv  a  system  of  vessels,  nuraed  h^mphiftiea,  into  the  blood.  These  vessels  take 
their  rise  in  nearly  :tH  parts  of  the  body  from  the  interstices  of  the  connective 
tissue,  and  take  up  the  fluid  contiiined  in  tliene  spaces  and  return  it  iiUo  the 
veins  close  to  the  heart,  there  to  be  mixed  with  the  mass  of  the  blood.  The 
greater  number  of  these  lymphatics  empty  themselves  into  one  main  duct,  the 
thoracic  duct,  which  passes  along  the  front  of  the  spine  and  opens  into  one  of  the 
large  veins  at  the  root  of  the  neck.  The  remainder  empty  themselves  into  a 
smaller  duct,  which  terminates  in  the  corresponding  vein  on  the  opposite  side  of 
the  neck. 

Obyle  is  an  opaque,  milky-white  fluid,  absorbed  by  the  villi  of  the  small 
intestines  from  the  food,  and  carried  by  a  set  of  vessels  similar  to  the  lymphatics, 
named  lacteals^  to  the  commencement  of  the  thoracic  duct,  where  it  is  intermingled 
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with  the  lymph  and  poured  iotu  the  circulatiun  througli  thu  same  channels,  It 
must  be  borne  in  mind  that  these  two  sets  of  vessels,  lyiiipbaticg  and  lacteals, 
though  differing  in  name,  are  identical  in  structure,  iiiid  that  the  character  of  the 
fluid  they  convey  is  different  imly  while  digestion  is  going  on.  At  other  times  the 
lacteals  convey  a  transparent,  nearly  odnrlcf^s  fluid  not  to  be  distinguished  from 
lymph.  Both  these  sets  <jf  vessels,  in  their  passage  to  the  central  duct,  pass 
through  certain  small  ghindubir  bodies,  termed  htinphatk  glands,  where  their 
contents  perhaps  undergo  elaboration. 

Lymph,  as  its  name  miplies,  is  a  watery  fluid.  It  closely  resembles  the  liijuor 
sanguinis,  and  contains  abrjiit  5  per  cent,  of  albumen  and  1  |ier  cent,  of  salts, 
When  exaniined  under  die  micro.scope,  it  is  fmind  to  consist  of  a  clear  colorless 
fluid,  in  which  iire  fltniting  a  number  <*f  curjuiscles,  hfmph-t\orpi($ch».  These 
bodies  are  identical  in  structure,  and  not  to  be  distinguished  fr*>m  the  white  blood- 
corpuscles  previously  described.  They  vary  in  number  in  different  parts  of  the 
lymphatic  vessels,  and  indeed  are  said  by  Kolliker  to  he  ?ibsent  in  the  smaller 
ones.  They  are  always  inei-cased  in  number  after  the  passage  of  the  lym|>h 
through  a  lymphatic  gland,  nnd  are  said  to  be  increased  in  size  as  the  fluid 
ascends  higher  in   tlie  course  f»f  the  cireulation. 

Chyle  is  a  milk-white  fliiid,  which  exactly  resembles  lyra[ih  in  its  physical  nnd 
chemical  properties,  except  that  it  has,  in  addition  to  the  other  constituents  of 
lymph,  an  enormous  amount  uf  fatty  granules,  '^  the  molecular  basis  of  chyle,'*  and 
it  is  to  the  presence  of  these  molecules  that  chyle  owes  its  milky  cuU>r.  Under 
the  microscojie  it  presents  a  number  of  corpuscles,  named  '^  chyle-corpuscles/' 
wbicb  are  iodistinginshable  from  lymph-corpuscles  or  white  blood-cells,  and  the 
molecular  basis,  consisting  jirincipally  of  fatty  griinules  of  extreme  minutenesa 
(Fig.  5,  a),  but  also  of  a  few  small  oil-globules,  Lym|dj  and  chyle  after  their  pas- 
sage ihrough  their  respective  glands,  if  withdrawn 
from  the  body  nnd  allowed  to  stand,  separate  more 
or  less  coni]>lctely  into  a  clear  lii|uid,  which  is 
identical  with  the  serum  of  the  blood,  und  a  thin 
jelly-like  clot,  consisting  i>f  n  fibrillatcd  matrix  in 
which  lymph-corpuscles  or  chyle-corpuscles  and 
ftitty  molecules,  as  the  case  may  be,  are  entangled. 
If  the  contents  of  tlie  thoracic  duct  are  exam- 
ined, es|)ecii»lly  after  a  meal,  there  may  be  found 
in  it  corjuiscles  with  a  retldish  tinge.  These  have 
been  regarded,  probably  erri>ncously,  as  immature 
red  corpuscles,  or  lymph-  and  chyle-corpuscles 
in  process  of  transformation  into  blood-globules. 
They  frequently  give  to  the  surface  of  clotted 
chyle  and  lynijdi  u  pinkish  hue.  They  must  not 
be  mistaken  for  mature  blood-globides,  which  arc  sometinjes  found  in  lymph  and 
chyle,  and  which  are  regurdcil  hy  most  observers  as  accidental — /.  c.  produced  by 
the  manipulations  of  the  dissector. 


Fio.  5.— Chyle  from  Lbe  kcteftls. 


THE  ANIMAL  GISLL. 

All  the  tissues  and  organs  of  which  the  body  is  composed  were  originally 
developed  from  a  microsco]>ic  body  (the  ovujn),  consisting  of  a  soft  gelatinous 
granular  material  enclosed  in  a  membrane,  and  containing  a  vesicle,  or  small 
spherical  body,  inside  which  are  one  or  more  solid  spots  (see  Fig.  78),  This  mav 
be  regarded  as  a  perfect  cell.  Moreovei%  all  the  Boli<l  tissues  can  be  shown  to  con- 
sist largely  of  similar  bfidies,  differing,  it  is  true,  in  external  fomi,  hut  essentiallv 
similar  to  an  ovum.      These  are  also  cells. 

In  the  higher  organisms  all  such  cells  uuiy  be  defined  as  ''  nucleated  masses  of 
protoplasm  uf  microscopic  size/'  The  two  cssentisds,  therefore,  of  an  animal  cell 
in  the  higher  organisms  are,  the  presence  of  a  soft  gelatinous  granular  material, 
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liniil^r  to  that  found  in  the  ovum,  and  which  is  usually  &ty\ed  protoplasm ;  and  a 
small  spherical  body  imbedded  in  it,  and  tenued  a  nui'Ieus;  the  remaining  con- 
stituents of  the  ovani — viz.  lU  limiting  membrane  and  the  solid  .^pot  contained  in 
the  nucleuji,  called  the  iiwfeolMst—nre  not  cons^idered  essential  to  the  cell,  and  in 
fact   many  celU  exist  without  them* 

Protoplasm  (Barcode^  blmtemay  germinal  matter,  or  bioplasm)  is  a  proteid  com- 
pound It  also  contains  certain  inorganic  substances,  as  phosphorus  and  calcium, 
which  latter  appears  to  be  essential  to  its  life  and  function.  It  is  of  a  semi-fluid» 
viscid  consistence,  and  afipcars,  sometimes,  either  as  a  hyaline  substance,  homo- 
[eneous  and  clear,  or  as  a  granular  substance,  consistiug  of  minute  molecules 
ibedded  in  a  transparent  matrix.  These  molecules  are  regarded  by  some  as 
Irentitious  material  taken  in  from  without,  and  often  probably  of  a  fatty  nature, 
since  they  are  frequently  soluble  in  ether.  In  most  cells,  however,  protoplasm 
shows  a  more  definite  structure,  coDsisting  of  minute  strige  or  fibrils  arranged  in  a 
clear  transparent  matrix,  or  a  honeycombed  ret  i  en  him  containing  in  its  ititerstices 
a  homogeneous  substance.  Protoplasm  is  insoluble  in  water,  coagulates  at  l^^U^  F,, 
and  has  a  great  affinity  for  certain  staining  reagents,  as  logwood  or  carmine. 

The  most  striking  characteristics  of  protoplasm  are  its  vital  properties  of 
motion  and  nutrition.  By  motion  is  meant  the  |>ower  which  ]>rotopbism  has  of 
changing  its  shape  and  position  by  some  internal  power  in  itself,  whicli  enables  it 
to  thrust  out  from  its  main  body  an  irregular  process,  into  wliich  the  whole  of  the 
pn3toplasmic  stibstance  is  gradually  drawn,  so  that  the  mass  comes  to  occujjy  a 
new  position.  This,  on  account  of  its  resemblance  to  the  movements  observed  in 
the  Amceba  or  Proteus  animalcule,  has  been  tenued  ''amieboid  movement." 
Ciliary  movement,  or  the  vibration  of  hair-like  processes  from  the  surface  of  any 
structure,  may  also  be  regarded  as  a  variety  of  the  motion  with  which  protoplasm 
is  endowed.  Nutrition  is  the  power  which  prottiplasm  lias  of  attracting  to  itself 
the  materials  of  growth  from  surrounding  matter.  ^Vben  any  foreign  particle 
comes  in  contact  with  the  protoplasmic  stibstance,  it  becomes  incorporated  in  it 
by  being  enwra]iped  by  one  or  move  processes  projected  from  the  parent  mass 
and  enclosed  by  diem.  When  thus  taken  up,  it  may  remain  in  the  substance  of 
the  protoplasm  for  some  time  without  change,  or  may  be  assimilated  by  the 
proloplasni. 

The  Nucleus  is  a  minute  body,  imbedded  in  tbe  protoplasm,  and  usually  of  a 
spherical  or  oval  form,  its  size  having  liltle  relation  to  the  si*/e  of  tbe  cell.  It  is 
usually  surrounded  by  a  well-defineil  wall,  the  nuchttr  memhraue^  and  its  contents, 
known  as  the  nuclear  sub»iance^  are  composed  of  a  stroma  or  network  and  an  inter- 
stitial substance,  the  relative  amount  of  the  two  varying  in  different  nuclei.  The 
network  ap|>ears  to  be  continuous  through  tbe  nuclear  membrane  with  tbe  proto- 
plasmic reticulum,  from  which  it  differs,  however,  in  having  strung  abmg  it  bands 
of  a  substance  which  stains  readily  with  certain  dyes,  and  is  therefore  named 
chromatin.  The  chromatin  differs  chemically  from  ordinary  pn4ophism  in  con- 
taining nuclein,  in  its  power  of  resisting  the  action  of  acids  and  alkalies,  in  its 
imbibing  more  intensely  the  stain  of  carmine,  hrematoxylin,  etc*,  and  in  its 
remaining  unstained  by  some  reagents  which  color  ordinary  protoplasm;  as,  for 
example,  nitrate  of  silver. 

The  process  of  reproduction  of  cells  commences  in  the  nucleus,  and  is  usually 
described  as  being  brought  about  by  inditYct  or  by  direct  division.  Indirect  dii'ision 
or  kart/okinesis  (kar^omitoms)  has  been  observed  in  all  the  tissues— generative  cells, 
epithelial  tissue,  connective  tissue,  muscular  tissue,  and  nerve-tissue — and  it  is  the 
typical  method  by  which  the  division  of  cells  takes  place,  although  the  |U'ocess  of 
reproduction  of  cells  by  direct  division  occurs  not  infre«(uently,  especially  in  highly 
specialized  cells. 

The  process  of  reproduction  by  indirect  division  commences  in  the  nucleus,  the 
stroma  of  which  undergoes  complex  changes,  leading  to  the  division  of  this  body 
previous  to  the  cleavage  of  the  protoplasm  of  the  cell.     The  changes  consist  briefly 

:he  following:  (1)  At  the  commencement  of  the  process  the  nuclear  network  is 
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Fig  6.— Kar>okine»lj8K  or  Indirect  cellniiriBion.  THai^ram  cxplainini?  the  formittb>n  of  the  chromatin  and 
achr^sJiiiitit'  karyokineik  fiifur»iH  In  epithelial  cells,  Tlie  radiating  arrttisiremeiit  uf  x«r<»tir[ilii«mle  gmniih's  is 
also  iiidleuti'd,  uUliouf^h  it  is  in  tho  ovft  of  tht'lnwcr  finiinals  tbatthj>  ll^^f^L'«^H^Lt■l•  llu^  ivcvn  nurre  specially 
stiiditfd.  All  the  iiuim's  are  »iiiiitlifled  for  dlngmmimiiir  (•nriM'Be*,  but  repreiiftit  sUiKfi!  whU'h  can  easily  b<? 
reco^nliMHl  in  spi-ciinena  proptTly  btrtlnid.  The  Inn^nliHUiiul  aplittin^  of  the  tUanicul*  ha*  not  been  rt'jire> 
rented,  a.  HestinR  nuclfu**,  the  nuL'k'Ar  uelwork  deejily  Ntttined,  »,  Glomenilu*,  eon  volution  or  (tXi?in.  r. 
Kosfttc  or  wreath,  d.  ^ster  or  monaster  i\.  Uia^Hter  ur  diuightcr  star  ¥.  Daughter  rosett4.'6.  u.  Daughter 
glomeruli  or  skcitia.    h.  Daughter  nuclei.    (By  Dr.  ,s.  DeK^pine.) 

angles  a  line  connecting  the  two,  is  called  the  eqttator*  The  aggregations  of 
protoplasmic  grannlei^  are  termed  the  centmsomes,  and  they  arc  surrounded  by 
clear  protoplasmic  areas  known  as  the  archophsm  spherca*     (3)  The  chromatic 
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filament  beconaes  arranged  in  mare  or  less  distinct  loops  converging  toward 
the  two  poles,  resembling  somewliat  in  appearance  a  rosette  or  it^reath  (Fig.  6,  c). 
From  the  poles  to  the  loops,  fine  threads,  not  staining  like  the  others  (aflrromatic), 
are  seen  bridging  across  the  space  left  between  the  filament  and  the  cell- 
protoplasm.  These  are  known  as  the  nuclear  apinJIe,  (4)  The  loops  now 
become  flattened  so  as  to  form  a  festooned  ring  or  star  at  the  erjuator 
of  the  nucleus.  This  is  known  as  the  ^tni/le  star^  a$ter^  monaster.  The  loops 
begin    to   break    transversely    at    the    efiuator   (Fig*   6,   d*),  having   sometimes 

Sreviouslv  broken  at  their  polar  ends.     The  nuclear  spindle  or  aehromatin  is  very 
istinct^  as  well  as  a  radiating  arrangement  of  protoplasmic  granules  toward  the 
poles.     It  is  at  this  stuge,  or  sometimes  after,  that  a  longitiidiiial  sfilitting  of  the 
'laments  occurs,  so  that  they  become  more  numerous  and  more  slender.     (5)  After 
i^resking  across  at  the  equator,  the  chromatic  filaments  movetow^ard  the  poles  as  if 
[they  were  guided  by  the  achromatic  threads.      These  threads  bridge  across  between 
[the  two  receding  stars*  which  are  known   as  diaster  or  daughter  stars.     The  prtH 
ftopla-sm,  with  its  radiating  granules,  begins  to  group  itself  around  the  two  poles 
(Fig.  6,  e),     (6)  The  daughter  stars  have  now  reached  the  poles;  the  broken  ends 
become  united,  so  that  each  daughter  chromatic  li lament  becomes  a  single  festooned 
.filament,  forming  a  rosette  or  wreath,  the   daughter  rusdtes  or  wreaths.     There 
f  is  now^  distinct  evidence  of  cleavage  in  the  protoplasm  (Fig.  6,  f).     (T)  By  further 
irregular  contraction  the  regular  arrangement  of  the  loops  becomes  lost,  and  the 
filament  presents  a  convoluted  appearance,  constituting  the  daughter  glonteruU  or 
9keins  (Fig.  6,  g).     The  cleavage  of  the  protoplasm  is  now  complete  except  where 
the  achromatic  threadjs  are  found.     (8)  By  further  convolution  and  contraction 
the  loops  of  the  filament  become  fuseil  together,  and  form  again  a  network.     The 
nuclear  membrane  which   disajipeared   at  the  beginning  of  the  karyokinesis  is 
formed  anew,  and  two  daughter  eetls  with   JuieJei  are  formed  (Fig.  0,  li).     The 
remains  of  the  achromatic  threads  bridge  across  the  intercellular  substance,  but 
later  usually  disappear  completely. 

In  the  reproduction  of  cells  by  direct  division  the  process  is  brought  about 
rither  by  segmentation  or  by  gemmation.  In  reproduction  by  segmentation  or 
fJisHon  the  nucleus  first  splits  by  becoming  constricted  in  its  centre,  and  thus 
assuming  an  hour-glass  shajpe.  This  leads  to  a  cleavage  or  division  of  the  whole 
protoplasmic  mass  of  the  cell ;  and  thus  we  find  that  two  new  cells  have  been 
^formed,  consisting  of  the  same  substance  as  the  original  one,  and  each  containing 
a  nucleus.  These  daughter  cells  are  of  course  at  first  smaller  than  the  i>riginal 
mother  cell ;  but  they  grow,  and  the  process  may  be  repeated  in  them,  so  that 
multiplication  may  rapidly  take  [dace.  In  reproduction  by  </rw?//fi^/rj/f  a  budding- 
oflf  or  se|>aration  of  a  portion  of  the  nucleus  and  parent-cell  takes  place,  and, 
becoming  separated,  forms  a  new  organism. 

The  cell-wall,  which  is  not  an  essential  constituent,  and  in  fact  is  often  absent, 
consists  of  a  flexible,  transparent,  structureless  or  finely  striated  membrane,  which 
16  permeable  to  fluids.  As  far  as  is  known,  every  animal  cell  is  derived  from  a 
pre-existing  cell.  The  death  <if  cells  is  accomplished  either  by  tlieir  mechanical 
detachment  from  the  surface,  preceded  pfjssibly  by  their  bursting  and  discharg- 
ing their  contents,  or  by  various  forms  of  degeneration — fatty,  pigmentary,  or 
calcareous. 

EPITHELIUM. 

All  the  surfaces  of  the  body — the  external  surface  of  the  skin,  the  internal 

surface  of  the  digestive,  respiratory,  and  geni to-urinary  tracts,  the  closed  serous 

^cavities,  the  inner  coat  of  the  vessels,  and  the  ducts  of  all  secreting  and  excreting 

Srlands — are  covered  by  one  or  more  layers  of  simple  cells,  called  epithelium  or 

''/  cells.     These  cells  are  also  present  in  the  sensory  and  terminsxl  |»arts  of 

us  of  special  sense,  and  in  some  other  organs,  as  the  pituitary  and  thyroid 

bodies.     They  serve  various  purposes,  forming  in  some  cases  a  pn>tective  layer,  in 

.others  acting  as  an  agent  in  secretion  and  excretion,  and  again  in  othei's  being 

'  anceraod  in  the  elaboration  of  the  organs  of  special  sense.     Thus,  in  the  skin. 
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the  main  purpose  served  bv  tlie  epitli(:*liuoi  (here  calleil  tlie  epidernufi)  m  that  of 
protectinn.  As  tbe  sarfiice  is  worn  away  by  the  agency  of  friction  or  change^  of 
temperature  new  cc4Is  ure  supplied,  and  thus  the  surface  of  the  true  skin  ami  the 
vessels  and  nerves  which  it  contains  are  defended  from  damage.  In  the  gastro- 
intestinal mucous  membrane  and  in  the  ghin<ls  the  e|Uthdial  cells  a|ipear  to  be 
the  princi^ial  agents  in  separating  the  secretion  from  the  bloo<i  or  from  the  aliment- 
ary  fluids.  In  other  situations  (as  the  nose,  fauces,  fvnd  respiratory  juissages)  the 
chief  office  of  the  epithelial  cells  appears  to  be  to  maintain  an  e^fuabie  tempera- 
ture by  the  moisture  with  which  they  keep  the  surface  always  slightly  lubricated. 
In  the  serous  cavities  they  als£>  keep  the  opposed  layers  moist,  and  thus  facilitate 
their  movements  on  each  other.  Finally,  in  all  interna!  jrarts  they  ensure  a 
perfectly  smooth  surface- 

Of  late  years  there  has  been  a  tendency  on  the  part  of  many  histobjgists  to 
divide  these  several  epithelial  linings  into  two  classes:  into  (1)  tpitltelHt! tissue 
proper,  consisting  of  nucleated  protoplasmic  cells,  which  form  continuous  masses 
on  the  skin  and  raucous  surfaces  and  the  linings  of  the  ducts  and  alveoli  of 
secreting  and  exciX'tiug  glands;  and  ('2)  ettdotheUnftu  which  is  composed  of  a  single 
layer  of  flattened  transparent  squannius  cells,  joined  e<lge  tt»  edge  iti  such  a  man- 
ner as  to  form  a  memhrauc  of  cells.  This  is  foiuul  <m  tlie  free  surfaces  of  the 
serous  membranes,  as  the  lining  membrane  of  the  heart,  blood-vessels,  and  lym- 
phatics;  on  the  surface  of  the  brain  and  spinal  cord,  and  in  the  anterior  chamber 
of  the  eye.  And,  though  the  separation  must  be  an  artificial  one.  since  every 
gradatifm  of  transition  between  the  two  classes  may  be  observed,  it  would  seem 
advisable  for  the  purpo,^e  of  flescription  to  employ  it. 

1.  True  epithelial  tissue  consists  of  one  orm<>rc  layers  of  ci-lls.  iitiitrd  together 


Fi*5,  7.— ETiitheliiil  cells  fnnu  tlie  oral  cavity  of  man. 
c.  The  same  with  two  auolel. 


Watftiified  350  timi's.     «.  Large,     6.  Mitldle  slEed. 


by  an  interstitial  cement-substance,  supported  un  a  baseujcnt-membrane*  and  is 
naturally  grouped  into  two  classes,  according  as  there  is  a  single  layer  of  cells  {itimple 
epitheiiHm)  or  more  than  one  (^tratijied  epitheliumy  The  various  kinds  of 
epitheliura,  whether  arranged  in  a  single  layer  or  in  more  than  one  layer,  are 
usually  si>oken  of  as  sipiamous  or  pavement,  columnar,  spheroidal  or  glandular, 
and  ciliated. 

Tihe  pamment  epithelium  (Fig.  7)  is  composed  of  flat  nucleated  scales  of  vari- 
ous shapes,  usually  polygonal,  and  varying  in  size.  These  cells  fit  together  by 
their  edges,  like  the  tiles  of  a  mosaic  ])avement.  The  nucleus  is  generally  flat- 
tened, but  may  be  s|>!ieroidal.  The  fiattening  depends  upon  the  thinness  of  the 
cell.  The  protoplasui  of  the  cell  presents  a  fine  reticulum  or  honey coml>cd  net- 
work, which  gives  to  the  cell  the  appearance  nf  granulation.  This  kind  of  epi- 
thelium is  found  on  the  surface  of  the  skin  (epidermis)  and  on  mucous  siirfaces 
which  are  subjected  to  friction.  The  nails,  the  hail's,  and  (in  animals)  the  horns 
are  a  variety  of  this  kind  of  epithelium. 

A  variety  of  squamous  epithelium  which  is  found  in  the  deeper  layers  of 
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ttraiified  pavemeni-epitbeliurn  has  been  termed  prickle  eelh.  These  cells  possess 
short  fine  fibrils  which  pa-^s  from  their  margin?^  to  those  of  iicighhoring  cells,  serv- 
ing to  conaect  them  together.  They  were  first  probahly  noticed  by  Xlax  Scholtze 
•nd  Virchow,  and  it  was  believed  that  by  them  the  cells  were  dovetailed  together. 
8iib8e<|aently  this  was  shown  not  to  be  so  by  Bizzozcro,  who  pointed  out  that  the 
prickles  were  attached  to  each  other  by  their  apices  and  formed  minute  bridges 
across  space-s  occurring  between  the  cells  of  the  epithelium. 

The  i*olumnnr  or  et/lwdrirdl  epithelimii  {Fig.  8)  is  formed  of  cylindrical  or 
rod-shapeil  cells,  each  containing  a  nucleus,  and  set  together  so  as  to  form  a  com- 
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Fro  9.— EpJthelitim  nf  the  inteittnal  vflU 
«r  the  mritiU.    Mn^taed  300  limtm,    O.  BftM^ 
it>ni«mbntne. 


Fig.  9,-^linjp5e  rrtlninnftr  eplth<jUiim,  from  the  raucfms 
uiernbrRne  of  the  inrestiTie,  with  jjoblet-ceUs  iKmrltig  out 
their  f?onteiiU,    (Klein  and  >'Qble  Smith.) 
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plete  membrane.     The  cells  have  a  prismatic  figure,  more  or  less  flattened  from 

mutual  pressure,  and  are  set  upright  on  the  surface  on  which  they  are  supported. 

Their  protoplasm  is  always  more  or  less  longitudinally  striated,  and  they  contain 

^mcleiis  which  is  oviil  in  shape  and  contains  an  intranuclear  network. 

This  fonu   of  epithelium   covers   the  mucous  membrane  of  nearly  the   whole 

Sair»>-iniesiinal  tract  and  the  glands  of  that  part,  the  greater  part  of  tlie  urethra, 
e  vas  deferens,  the  prostate.  Oowper's  glands,  Bartholini's  glands,  and  a  portion 
of  the  uterine  mucous  membrane. 

(^oklet-  or  t7m//c*vcells  are  a  modification  of  the  columnar  cell.  They  appear 
10  be  formed  by  an  alteration  in  shape  of  tlie  columnar  epithelium  (ciliated  or 
otherwise)  consec|uent  on  the  secretion  into  the  interior  of  the  cell  of  mucnK  the 
chief  organic  constituent  of  mucus,  which  distends  the  U]ij>er  jmrt  of  the  cell, 
while  tlie  nucleus  is  pressed  down  toward  its  deep  part,  until  the  cell  bursts  and 
the  mucns  is  discharged  on  to  the  surface  of  the  mucous  membrane,  as  shown  in 
Fig.  9. 

The  Jtpheroidnl  or  f/landuiar  epithelium  (Fig.  10)  is  composed  of  circular  or 
j)olyhedral  cells.     Like  other  forms  of  epithelial  cells,  the  protoplasm   is  a  fine 
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Fig.  10,— Spborofclal  epUhelium.    Magnified 
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trftcheii.  Miii^iilEu-il  .i,H,i  ijjtuv  a.  Innermost  Ifiytr* 
of  the  flaatit:  lonKitiidinal  lU>re«,  6,  Homogoneoua 
iunrrninst  laver^  ol  the  mucous  nieiubrutie.  c. 
nee^>eiii  rounfl  cells,  d.  Middle  elongated  ceUa.  «. 
SupertlcUl  cells,  hearing  ciliA- 


reticulum,  which  gives  to  the  cell  the  appearance  of  granulation.  They  are  found 
in  the  terminal  recesses  of  secreting  glands,  and  the  protoplasm  of  the  cells 
tisuallv  contains  the  materiids  which  the  ccll^  secrete. 

Ciliated  epithelium  (Fig*  11)  may  be  of  any  of  the  preceding  foiins,  but  usually 
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mcliiies  to  the  cohmmar  shape.  It  is  di^tliiguisbod  hy  the  presence  of  miniite 
processtes,  which  are  iliroct  prohmgatioos  of  the  eell-]>rotophisin  standing  up  from 
the  free  surface  like  hairs  or  eyelashes  (cilia).  If  the  cells  are  examineil  during 
life  or  immediately  on  removal  from  the  living  body  (for  which  in  the  human  sub- 
ject the  removal  of  a  na^al  polypus  offers  a  convenient  opportunity)  in  tepid 
water,  the  cilia  will  he  seen  in  lashing  motion  ;  and  if  the  cells  are  separate,  they 
will  often  be  seen  to  he  moved  about  in  the  field  by  that  motion. 

The  situations  in  which  ciliated  epithelium  is  ftmnd  in  the  human  body  are: 
the  respiratory  tract  from  the  nose  downward  (except  over  the  lower  portion  of  the 
pharynx  and  the  surface  of  the  vocal  cords)  the  tympanum  and  Eustachian  tube, 
the  Fallopian  tube  and  tipper  portion  of  the  uterus,  the  vasa  efferentia,  coni  vas- 
eulosi,  and  first  part  of  the  excretory  duct  of  the  testicle,  and  the  ventricles  of  the 
brain  aud  central  caual  of  the  ispinal  cord. 

Stratified  epithelium  consists  of  several  layers  of  cells  superimposed  one  on  the 
top  of  the  other  and  varying  greatly  in  shape*     The  cells  of  the  deepest  layer  are 

for  the  most  part  columnar  in 
form,  and  ^lb  a  nde  form  a  sin- 
gle  layer,  placed  vertically  on 
the  supporting  membrane;  above 
these  are  several  layers  of  sphe- 
roidal cells,  which  as  they  ap- 
proach the  surface  become  more 
and  more  compressed,  until  the 
superficial  layers  are  found  to 
consist  of  flattened  scales,  the 
margins  of  which  overlap  one 
another,  so  as  to  present  an  im- 
bricated appearance.  Another 
form  of  stratified  epithelium  is 
found  in  what  has  been  termed 
tranmikmal  ejiif helium,  such  as 
exists  in  the  ureters  an*!  urinary 
bladder.  Here  the  cells  of  the 
most  supei-ficial  layer  are  cubical, 
with  depressions  on  their  under 
surfaces,  whicli  fit  on  to  the 
rounded  ends  of  the  cells  of  the 
second  layer,  which  are  pear- 
shaped,  the  apices  touching  the 
basement-membrane.  Between  their  tapering  points  is  a  third  variety  of  cells» 
filling  in  the  intervals  between  them,  and  of  smaller  size  than  those  of  the  other 
two  layers. 

2.  Endotlielium. — As  before  stated,  endothelial  cells  are  flattened,  transparent, 
squamous  cells,  attached  hy  tlieir  margins  by  a  semi-fluid  homogeneous  cement- 
substance,  so  as  to  form  a  continuous  tmhthdml  membrane.  Though  for  the  most 
jiart  these  cells  are  s<|uamou9,  in  some  places  cells  may  be  fonnd,  either  isolated 
or  occurring  in  patches,  which  are  polyhedral  or  even  columnar.  These  latter 
cells  are  frequently  to  be  fonnd  lining  the  stomata  of  serous  membranea  (Fig,  12). 
As  a  rule,  the  endothelial  cells  are  polygonal  in  outline,  with  sinuous  or  jagged 
margins,  and  are  in  close  apposition,  the  amount  of  cohesive  matter  uniting  them 
being  so  slight  as  not  to  be  apparent.  Their  protoplasmic  substance  appears  to  be 
granular,  but  consists  of  fibrilljc  arranged  in  a  network  in  which  the  nucleus  is 
contained,  limited  by  a  membrane  and  having  a  well-developed  reticulum. 

CONNECTIVE    TISSITES. 

By  the  term  coimective  tiBsne  we  mean  a  number  of  tissues  which  possess  this 
feature  in  common— viz.  that  they  serve  the  general  purpose  in  the  animal  economy 
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Fig.  12,— Part  of  perlkmeAl  surface  of  the  cenual  tendon  of 
dlupbraifm  of  rabhit,  prepared  with  riUrate  of  sU ver .  s.  StomnlA. 
i  Lyiup'i  t'^i<Aniiels.  l»  Tendoa-buofUea.  The  stouiaUi  are  sur- 
roimdetl  \t\  cubk-ftl  enrtflOu'liftl  ceU».  (From  Hand-book  fiir 
the  Phygkilofjit-iil  iMxm^tnry,  KWiw.) 
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of  supporting  and  connectiiig  the  tissues  of  tlie  frame.  These  tissues  may  differ 
consiaernblT  from  each  other  in  external  appearance,  but  they  present  neverthe- 
less  nuiny  [joints  of  relationship  with  each  other,  and  are  moreover  developed 
fn>m  tht?  same  embryonal  elements.  They  are  divided  into  three  great  groups: 
\\)  the  fibrous  connective  tissues,  (2)  cartilage,  and  (3)  bone. 

Tiie  FibrouB  OonnectiTe  Tissues. — Three  principal  forms  or  varieties  of  fibrous 
connective  tissue  are  recognized:   (1)  White  fibrous  tissue;    (2)  Yellow    elastic 
tissue;  (3)  Areolar  tissue.     They  are  all  composed  of  a  matrix  in  which  cells  are 
bedded,  and  between  the  cells  are   fibres  of  two  liinds,  the  white  and  yellow  or 

tic.  The  difference  between  the  three  forms  of  tissue  depends  on  the  relative 
proportion  of  the  two  kinds  of  fibre,  in  the  first  variety  enumerated  i\\Q  wldte  fibre 
preponderating;  in  the  second  variety  the  yelhw  elmtie  fthr^f^  being  greatly  in 
•excess  of  the  white ;  and  the  third  form,  areolar  tissue,  the  two  being  blended  in 
mucb  more  equal  proportions. 

The  white  fibrous  tissue  (Fig.  13)  is  a  true  connecting  structure,  and  serves 
three  purposes  in  the  animal  economy*  It  serves  to  bind  bones  together  in  the 
form  of  ligaments,  it  serves  to 
connect  muscles  to  bones  or 
other  structures  in  the  form  of 
tendons,  and  it  forms  an  invest- 
ing or  protecting  structure  to 
various  organs  in  the  fi>rm  of 
membranes.  Examples  of 
where  it  serves  this  latter  office 
mre  lo  be  found  in  the  muscular 
fssetae  or  sheaths,  the  perios- 
teum,  and  perichondrium ;  the 
investments  of  the  various 
glands,  (such  as  the  tunica 
albuginea  testis,  the  capsule  of 
the  kidney^  etc.),  the  inve,sting  sheath  of  the  nerves  (epineurium),  and  of  various 
organs^  as  the  penis  and  the  eye  (sheath  of  the  corpora  cavernosa  and  corpus 
'  i»pongio8um,  and  of  the  sclerotic).  But  in  all  these  parts  the  student  must  bear  in 
mind  that  the  elastic  tissue  enters  in  greater  or  less  proportion.  It  presents  to 
the  naked  eye  the  appearance  of  silvery-white  glistening  fibres,  covered  over  with 
a  *|uantity  of  loose,  flocculent  tissue  which  binds  the  filires  together  and  carries 
the  blood-vessels.  It  is  not  possessed  of  any  elasticity,  and  only  the  very 
slightest  extensibility ;  it  is  exceedingly  strong,  so  that  upon  the  application  of 
any  external  violence  the  bone  with  which  it  is  connected  will  fracture  before  the 
fibrous  tissue  will  give  way.  When  examined  under  the  microscope  it  is  found  to 
consist  of  waving  bands  or  bundles  of  minute,  transparent,  homogeneous  filaments 
or  fibrilla\  held  together  by  an  alburuinous  semi-fluid  cement-substance  (Fig.  14). 
In  ligamcnrs  and  tendons  these  bundles  run  parallel  with  each  other;  in  mem- 
branes they  intersect  one  another  in  diflTerent  places.  The  bundles  have  a 
tendency  to  split  up  longitudinally  or  send  uff  slijjs  to  join  other  bundles  and 
receive  others  in  return.  The  cells  occurring  in  white  fibrous  tissue  are  often 
called  •*  tendon  cells."  They  are  situated  on  the  surface  of  groups  of  bundles 
and  are  <|uadrangular  in  sliaf»e,  arranged  in  rows  in  single  tile,  each  cell  being 
separated  from  its  neighbors  by  a  narrow  line  of  cenient-substance.  The  nncU^is 
is  generaUy  situated  at  one  end  of  the  cell,  the  nucleus  of  the  adjoining  cell  being 
in  close  proximity  to  it  (Fig.  15).  Upon  the  addition  of  acetic  acid  to  white 
fibrous  tissue  it  swells  up  into  a  glassy-hH»king.  indistinguishable  mass.  When 
boileti  in   water  it  is  converted  alru«>st  conjpletely   into  gelatin. 

Yellow  Elastic  Tissue. — In  cert:iin  [»arts  of  the  body  a  tissue  is  found  which 
when  viewed  in  mass  is  of  a  yellowish  color,  and  is  possessed  of  great  elasticity,  so 
that  it  is  capable  of  considerable  extension,  and  when  the  extending  force  is  with* 
drawn  returns  at  once  to  its  original  condition.     This  is  peUow  ela»tir  ttssuey  in 


FiG-  la.— Vfhiic  fibrous  tissue.    High  power. 
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whicb  the  elastic  fibres  greatly  preponilerate,  to  the  almost  complete  exclusion  of 
the  white  fibrous  elemeDL  It  is  fauDd  in  this  condition  in  the  ligamenta  ^ubflava. 
in  the  vocal  cords,  in  the  longitadinal  coat  of  the  trachea  and  bronchi,  in  the 
inner  coats  of  the  bloml- vessels,  especially  the  larger  arteries,  and  to  a  very  con- 


Fio.  U.-Cotinective  tissue.  (Klein  and 
Noble  Smitb.)  *i  TJie  white  fibrous  elemem— 
aUyerof  more  or  Ic^  fhii'  led.piLrftl- 

leU  wavy  bundles  of  com  le  <1brtl«. 
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fine  elastic  flbrea. 
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siderable  extent  in  the  thyro-hyoid,  criccHthyroid,  antl  stylo-hyoid  ligaments.  It 
is  also  found  in  the  ligamentiim  nuchfe  of  the  lower  animals.  When  viewed 
under  the  microscope  {Fig.  16)  it  is  seen  to  consist  of  an  aggregation  of  curling 
fibres,  with  a  well*defined  outline.  They  are  considerably  larger  in  size  than  the 
fibrillie  of  the  white  fibrous  element,  and  vary  much,  being  from  the  ^ ^ ^  ^^  ^  to  the 
pj^  of  an  incb  in  diameter.  The  fibres  form  bold  and  wide  curves,  branch  and 
freely  anastomose  with  each  other.  They  are  homogeneous  in  appearance,  and 
have  a  tendency  to  curl  up,  especially  at  their  broken  ends.  In  some  parts,  where 
the  fibres  are  broad  and  large  and  the  network  close,  the  tissue  presents  the 
appearance  of  a  membrane,  with  gaps  or  perforations  corresponding  to  the  inter- 
vening space^  This  is  to  be  found  in  the  inner  coat  of  the  arteries,  and  to  it  the 
name  of  feneitrated  membrane  has  been  given  by  Henle.  The  yellow  elastic  iibrea 
remain  unaltered  by  acetic  acid. 

Areolar  tissue  is  so  called  because  its  meshes  are  easily  distended,  and  thus 
separat€*d  into  areolae  or  spaces,  which  all  open  freely  into  each  other,  and  are 
conseijuently  easily  blown  up  with  air,  or  permeated  by  fluid  when  injected  into 
any  part  of  the  tissue.  Such  spaces,  however,  do  not  exist  in  the  natural  con- 
dition of  the  body,  but  the  whole  tissue  forms  one  unbroken  membrane  com- 
posed of  a  number  of  interlacing  fibres,  variously  superimposed.  Hence  the 
term  **  the  cellular  membrane  "  is  in  many  parts  of  the  bodv  more  appropriate 
than  its  more  modern  equivalent.  The  chief  use  of  the  areolar  tissue  is  to  bind 
parts  together,  while  by  the  laxity  of  its  fibres  and  the  permeability  of  its  areolae 
it  allows  them  to  move  on  each  other,  and  affords  a  ready  exit  for  inflammatory 
and  other  efl'used  fluids.  It  is  one  of  the  most  extensively  distributed  of  all  the 
tissues  in  the  body.  It  is  found  beneath  the  skin  in  a  continuous  layer  all  over 
the  body,  connecting  it  to  the  subjacent  parts.  In  the  same  way  it  is  situated 
beneath  the  mucous  and  serous  membranes.  It  is  also  found  between  muscles, 
vessels,  an<l  nerves,  forming  investing  sheaths  for  them,  and  connecting  them 
with  surrounding  structures.  In  addition  to  this»  it  is  found  in  the  interior  of 
organs,  binding  together  the  various  lobe^  and  lobules  of  the  compound  glands,. 
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the  various  coats  of  the  hollow  viscera,  and  the  fibres  of  muscles,  etc.,  and  thus 
forms  one  of  the  most  important  connecting  media  of  the  various  structures  or 


Fig.  16.— Yellow  elastic  tissue.    High  power. 

organs  of  which  the  body  is  made  up.  In  many  parts  the  areolae  or  interspaces 
of  areolar  tissue  are  occupied  by  fat-cells,  constituting  adipose  tissue^  which  will 
presently  be  described. 

Areolar  tissue  presents  to  the  naked  eye  a  flocculent  appearance,  somewhat 
like  spun  silk.  When  stretched  out,  it  is  seen  to  consist  of  delicate  soft  elastic 
threads  interlacing  with  each  other  in 
every  direction  and  forming  a  network 
of  extreme  delicacy.  When  examined 
under  the  microscope* it  is  found  to  be 
composed  of  white  fibres  and  elastic 
fibres  intercrossing  in  all  directions, 
and  united  together  by  a  homogeneous 
cement  or  ground-substance,  and  filled 
by  cellular  elements,  which  contain  the 
protoplasm  out  of  which  the  whole  is 
developed  and  regenerated. 

These  cell-spaces  may  be  brought 
into  view  by  treating  the  tissue  with 
nitrate  of  silver,  and   exposing  it  to 
the  light.     This  will  color  the  fibres  and  ground-substance,  leaving  the  cell-spaces 
unstained. 

The  cells  of  areolar  tissue  (Fig.  17)  are  of  two  kinds:  1,  flattened  transparent 
cells,  with  an  oblong  nucleus  and  more  or  less  branched,  and  often  united  together 
by  thin-branched  processes ;  and  2,  granular  cells,  some  of  which  are  of  the  size 


Fig.  17.— Ctonnectlve-tlssue  corpuscles.  (Klein  and 
Noble  Smith.)  m.  MiKratorv  connective-tissue  cell.  The 
other  two  are  the  ordinary  branched  cells,  each  with  an 
oblong  nucleus. 
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of  white  blood-corpuscks.  and  like  them  possessed  of  aimisboid  movemeEts ;  others 
are  of  larger  size,  and  do  not  exhibit  amoeboid  movements  to  any  appreciable 
extent.  Ihey  lie  imbedded  in  the  ground-substance,  and  in  some  situations, 
where  the  areolar  tissue  is  loose  and  the  sjiaces  large,  so  as  to  contain  several  cells, 
thev  form  a  sort  of  lininij  for  it.  In  other  situations  where  the  tissue  forms  a 
membranous  layer,  the  flattened  cells,  here  unbranched,  form  an  epithelial-like 
covering  to  its  surface. 

Vessels  and  Nerves  of  CoEuective  Tissue. — ^The  hlood-vesseh  of  connective  tissue 
are  very  few — that  is  to  say,  there  are  few  actually  destined  for  the  tissue  itself, 
although  many  vessels  may  penneate  one  of  its  forms,  the  areolar  tissue,  carrying 
blood  to  other  structures.  In  white  iibrous  lissiie  the  blood-vessels  usually  run 
parallel  to  the  longitudinal  bundles  and  between  them,  sending  transverse  com- 
muni  eating  branches  across,  and  in  some  forms,  as  the  periosteum  and  dura  mater, 
being  fairly  nnmerous.  In  the  yellow  elastic  tissue  the  blood-vessels  also  run 
between  the  fibres,  and  do  not  penetrate  them,  Lymfhatie  vessels  are  very  numer- 
ous in  most  forms  of  connective  tissue,  especiallv  in  the  areolar  tissue  beneath  the 
skin  and  the  miioous  and  the  serous  surfaces.  fhey  are  also  found  in  abundance 
in  the  sheaths  of  tendons,  as  well  as  in  the  tendons  themselves*  Nei^vm  are  to 
be  found  in  the  white  fibrous  tissue,  where  they  terminate  in  a  special  manner; 
but  it  is  doubtful  whether  any  nerves  terminate  in  areolar  tissue;  at  all  events, 
they  have  not  yet  been  demonstrateJt  and  the  tissue  is  possessed  of  very  little 
sensibility- 
Development  of  Connective  Tissue. — Fibrous  connective  tissue  is  developed  from 
embryonic  connective-tissue  cells  derived  from  the  mesobkst.  At  an  early  period 
of  development  it  consists  of  nucleated  cells  and  a  rauco-albuminous  tluid,  which 
subseiiuently  becomes  a  pellucid  jelly  and  forms  the  ground-substance.  In  this 
ground-substance  the  two  varieties  of  fibres  become  developed.  As  to  the  manner 
in  which  they  do  so  there  are  two  theories,  some  believing  that  they  are  developed 
from  the  protoplasm  of  the  cells,  others  that  they  are  formed  by  a  dej»osit  in  the 
ground-substance.  In  the  former  ca^e  the  protopla^sm  of  the  cells  is  converted 
wholly  into  elementary  fibres,  the  nucleus  disappearing;  or  else  the  peripheral 
part  of  the  protoplasm  produces  the  fibrous  tissue,  the  original  cell  growing  again 
to  its  original  size,  and  then  throwing  off  a  fresh  portion  to  form  a  new  cell,  and 
itself  persisting  in  contact  with  the  fibres  it  has  formed  as  a  permanent  connective- 
tissue  corpuscle. 

Three  special  forms  of  connective  tissue  must  be  described:  the  mucoid,  the 
lymphoid  or  retiform,  and  basemen t-merabranes. 

1,  The  mucoid  or  gelatinous  connective  tissue  exists  chiefly  in  the  **  jelly  of 
Wharton,"  which  f!>rms  the  bulk  of  the  umbilical  cord»  1>ut  is  also  found  in  some 
other  situations  in  the  foetus,  as  in  the  pulp  of  young  teetlr,  and  in  certain  stages 
of  the  development  of  connective  tissue  in  various  regions.  In  the  adult  the  vit- 
reous humor  of  the  eye  is  formed  of  the  same  material.  This  tissue  consists  of 
nucleated  cells,  which  branch  and  become  connected  so  as  to  form  trabeculie, 
which  traverse  a  jelly-like  ground  substance,  containing  the  chemical  principle  of 
mucus,  or  mucin,  and  in  suuiller  quantities  albumen,  but  no  gelatin*  Sometimes, 
as  in  the  vitreous  humor  of  the  eye,  the  cells  almost  completely  disappear  and  the 
jelly  only  remains. 

2,  Retiform  connective  tissue  (Fig*  18)  is  found  extensively  in  many  parts  of 
the  body,  forming  the  fi*amevvork  of  some  organs  and  entering  into  the  construc- 
tion of  many  mucous  membranes.  It  is  formed  of  an  interlacement  ornetwork  of 
very  fine  fibres,  which  closely  resemble  white  fibrous  tissue,  and  in  certain  situ- 
ations may  be  demonstrateil  to  be  continuous  with  it.  In  their  behavior  to  certain 
reagents,  however,  they  difi'er  from  the  ordinary  white  fibres,  and  have  conse- 
quently been  held  to  be  a  third  form  of  connective-tissue  fibres.  In  many  places 
flattened  cells  may  be  seen  connectt^d  with  the  fibres  and  partially  concealing  them, 
presenting  an  appearance  as  if  the  tissue  were  formed  of  a  network  of  branching 
and  anastomosing  cells.     This,  however,  is  not  so,  as  the  cells  can  be  removed  or 


CONNECTIVE   TISSUES. 


4d 


I 

I 

I 


3>^ 


1 


U 


brusbed  awav,  leaving  the  fibres  intact.  In  many  situations  the  interstices  of  the 
fihres  are  filled  with  romided  granular  corpuscles,  and  the  tissue  is  then  termed 
lymphaid  or  adenoid  tissue.  The  tteufo^/ila^ 
or  tine  gelatinous  connective  tissue  which 
supports  the  nervous  elements  in  the 
cerebro-spinal  axis  and  in  the  retina  hag 
been  regarded  as  a  modified  form  of  the 
retiform  connective  tissue.  It  is  now- 
known,  however,  to  consist  of  cells  which 
send  ofl'  %'ery  numerous  fine  processes,  and 
develop  from  the  epibhtst,  certain  of  the 
<^Us  forming  the  wall  of  the  medullary 
canal,  becoming  neuroglia  cells,  while  the 
remainder  become  nerve-cells, 

3.  Basement-membranes,  formerly  de- 
scribed as  homogeneous  membranes,  are 
really  a  form  of  connective  tissue.  They 
constitute  the  supporting  membrane,  or 
membrana  propria,  supporting  the  epithe- 
liiun  of  mucous  membranes  or  secreting 
glands,  and  in  other  situatiuns.  By  means 
of  staining  with  nitrate  of  silver  they  may 

be  shown  to  consist  of  flattened  cells  in  close  apposition,  and  form  therefore  an 
example  of  an  epithelioid  arrangement  of  connective-tissue  cells.  In  some  situ- 
ations the  cells,  instead  of  adhering  by  their  edges,  give  off  branching  processes* 
which  join  with  similar  processes  of  other  cells,  and  so  fijrm  a  network  rather 
than  a  continuous  membrane. 

Adipose  Tissue. — In  almost  all  parts  of  the  body  the  ordinary  areolar  tissue 
contains  a  variable  4Uaiitity  of  adijjose  or  fatty  tissue.  The  priiici[nil  situations 
ere  it  is  not  found  are  the  subcutaneous  tissue  of  the  eyelids,  ihe  pt'nis  and 
'otum,  the  nympha?,  within  the  cavity  of  the  cranium,  and  in  the  lungs, 
except  near  the  roots.  Nevertheless,  its  distinbutiftn  is  not  uniibrm,  in  some  parts 
being  collected  in  great  abundance,  as  in  the  subcutaneous  tissue,  especially  of  the 
abdomen ;  aroond  the  kidneys  ;  on  the  surface  of  the  heart  between  the  furrows ; 
and  in  some  other  situations.     Lastly,  fat  enters  largelv  into  the  formation  of  the 
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Fio.  18.— Retlfomi  connective  tlsue*  from  « 
i5iiit^lviitlc  eland :  luiisl  of  the  lymph-corpUHclea 
are  removed.  fFrora  Kleiu's  Elnn^ntg  of  JUMolotjy,) 
a.  The  reticulum,    c  A  capUI&ry  bloo<l-Te»el. 


Flo.  19.^ Adipose  tlHsoe     High  power,     a.  Starlike  appeftmuee,  from  crystaUlJEtttlon  of  flutty  acids. 


fcrrow     of  bones.     A    distinction  must,  however,    be  made    between    fat    and 
adipose  tissue;  the  latter  being  a  distinct  tissue,  the  former  an  oily  matter,  which 
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in  Hcldition  to  its  occurrence  in  adipose  tissne  is  also  wiHely  present  in  the  boflY» 
as  ill  the  fat  of  thebniiii  and  liver  and  in  the  Idood  and  chyle,  etc, 

Fat-ceUs  (Fig.  19)  consist  of  a  niunber  of  vesiclea.  varying  in  size,  bnt  of  about 
the  average  diameter  of  ^^-  of  an  inch.  Thev  are  formed  of  an  exceedingly 
delicate  protoplasmfc  membrane,  filled  with  fatty  matter,  which  is  liqnid  during 
life,  but  becomes  solidified  after  death.     They  are  round  or  spherical  where  they 

have  not  been  subjected  to  pressure ; 
otherwise  tbey  assume  a  more  or  less 
a  n  gu  1  ar  ou  1 1  i  n  e .  An  n  el  e  u  s  i  s  a  1  w  ay  s 
present,  and  can  be  easily  demonstrat- 
ed by  staining  with  bfematoxylin;  in 
the  natural  condition  it  is  so  com- 
pressed by  the  contained  oily  matter 
as  to  be  scarcely  recognizable.  These 
fat'cells  are  contained  in  clusters  in 
the  areola?  of  fine  connective  tissue, 
and  are  held  together  mainly  by  a 
network  of  capillary  blood-vessels, 
which  are  distributed  to  them. 

Fat  is  an  inorganized  snhstance^ 
consisting  of  a  liquid  material  (gly- 
cerin) in  combination  with  certain 
fatty  acids,  stearic,  palmitic,  and 
oleic.  Sometimes  the  acids  separate 
spontaneously  before  the  fat  is  exam- 
ined, and  are  seen  under  the  micro- 
sc^>pe  in  a  crystalline  form,  as  in  Fig. 
19,  a.  By  boiling  the  tissue  in  ether  or  strong  alcobid  tlie  fat  may  be  extracted 
from  the  vesicle,  which  is  then  seen  empty  and  shrunken. 

Fat  is  said  to  be  first  delected  in  the  human  embryo  about  the  fourteenth 
week.  The  fat-cells  are  formed  by  the  transformation  €»f  the  protoplasmic  con- 
nective-tissue corpuscles,  into  which  small  globules  of  fat  fijid  their  way,  and 
increase  until  they  distend  the  corpuscle  into  the  thin  mantle  of  protoplasm  which 
forms  the  cell-wall,  and  in  which  its  nucleus  is  still  to  be  seen  (Fig.  20). 


¥nt.  20,— DcvulopiiicDi  of  fat.  (Kleiii  iind  Xoble  Smith.) 
a.  Minule  artery,  v.  Mluute  vein.  c.  Capillarj'  bl<»«jd- 
vessels  In  the  counM?  of  formwHon :  they  are  not  yet  com- 
pietely  hollowed  owt,  there  haXn^  stin  lea  \n  th*? ni  jmvto- 
ptasmir  sepu.  d.  Tbi*  gnjtincl-snbstKUce,  conUiininff 
nnmenius  nucleated  cells,  wjme  of  which  are  more  dls- 
Unetly  brauehed  and  fluMcncKt  than  others,  and  appear 
therefore  more  spindle-shaped. 


PI0MENT. 

In  various  parts  of  the  body  pigment  is  found  ;  most  frequently  in  epithelial 
celts  and  in  the  cells  of  connective  tissue.  Pigmented  epithelial  cells  are  found 
forming  the  cxtenial  layer  of  the  retina  {Fig,  21)  and  on  the  posterior  surface  of 
the  iris.  Pigment  is  also  found  in  the  epithelial  cells  of  the 
deeper  layers  of  the  cuticle  in  si>mc  parts  of  the  body — such  as 
the  areola  of  the  nipple  and  in  colored  patches  of  skin,  antl 
especially  in  the  skin  of  the  colored  races,  and  also  in  hair.  It 
is  also  found  in  the  epithelial  cells  of  the  olfactory  region  and 
of  the  membranous  labyrinth  <»f  the  ear. 

In  tbe  connective-tissue  cells  pigment  is  frequently  met  with 
in  the  lower  vertebrates.  In  man  it  is  fonnd  in  the  choroid  coat 
of  tbe  eye,  and  in  the  iris  of  all  but  the  ligbt*blue  eyes  and  the  albino.  It  is 
also  occasionally  met  with  in  the  cells  of  retiform  tissue  and  in  tbe  pia  mater  of 
the  upper  part  of  the  sjJinal  cord.  These  cells  are  characterized  by  their  larger 
size  and  branched  |>rocesses,  which,  ns  well  its  the  body  of  the  cells,  are  filled 
with  granules*  Tbe  pigment  consists  of  dark-brown  or  black  granules  of  very 
small  size,  closely  packed  together  within  tbe  cells,  bnt  not  invading  the  nucleus. 
Occasionally  the  pigment  is  yellow,  and  w^hen  occurring  in  the  cells  of  the  cuticle 
conatitutes  '^  freckles." 


Fio.  21.— FIjfjnent' 
cells  ^t  retina. 
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CartH&ge  is  a  non-vascular  structure  whieli  is  found  in  various  parts  of  the 
body — in  adult  life  chiefly  in  the  joints,  in  the  pariotcs  of  the  thorax,  and  in 
rarious  tubes,  such  as  the  air-passages,  nostriU,  and  ears,  which  are  to  be  kept 
permanently  open.  In  the  fcetus  at  an  early  period  the  greater  part  of  the  skele- 
ton is  cartilaginous.  As  this  cartilage  is  afterward  replaced  by  bone,  it  is  called 
temporary^  in  contradistinction  to  that  which  remains  un ossified  during  the  whole 
of  life,  and  which  is  called  permanent. 

Cartilage  is  divided,  according  to  its  minute  structure^  into  true  or  hyaline 
cartilage,  fibrous  or  fihro-cartilage,  and  yellow  or  elastic  or  reticular  cartilage. 
Besides  these  varieties  met  with  in  the  adult  human  subject,  there  is  a  variety 
called  cellular  cartilage,  which  consists  entirely,  or  almost  entirely,  of  cells,  united 
in  some  cases  by  a  network  of  very  fine  fil)res,  in  other  cases  apparently  destitute 
of  a.ny  intercellular  substance.  This  is  found  in  the  external  ear  of  ruts,  mice, 
and  some  other  animals,  and  is  present  in  the  chorda  dorsalis  of  the  human 
embryo,  but  is  not  found  in  any  other  human  structure.  The  various  cartilages 
in  the  body  are  also  classified,  acconiing  to  their  function  and  position,  into 
articular,  interarticular,  costal,  and   membraniform. 

Hyaline  cartilage,  which  may  be  taken  as  the  type  of  this  tissue,  consists  of  a 
gristly  mass  of  a  firm  cunsistence,  but  of  considerable  elasticity  and  of  a  pearly- 
bluish  color.  Except  where  it  coats  the  articular  enils  of  bones,  it  is  enveloped 
in  a  fibrous  membrane,  the  perkhondriHUh  from  the  vessels  of  which  it  imbibes 
its  nutritive  fluids,  being  itself  destitute  of  bhiod-vessels;  nor  have  any  nerves 
been  traced  into  it.  Its  intimate 
structure  is  very  simple.  If  a  thin 
dice  is  examined  under  the  micro- 
scope, it  will  be  found  to  consist  of 
cells  of  a  rounded  or  bluntly  angular 
forro,  lying  in  groups  of  two  or  more 
in  a  granular  or  almost  homogeneous 
matrix  (Fig.  22).  The  cells,  when 
arranged  in  groups  of  two  or  more, 
have  generally  a  straight  outline 
where  they  are  in  contact  with  each 
other,  and  in  the  rest  of  their  cir- 
cumference are  rounded.  The  cell-contents  consist  of  clear  translucent  prott)* 
Ela&m  containing  minute  granules,  and  imbedded  in  this  are  one  or  two  nuclei, 
aving  usually  a  granular  appearance,  but  occasionally  being  clear  and  occupied 
by  one  or  more  nucleoli.  The  cells  are  imbediled  in  cavities  in  the  matrix,  called 
cartilage  lacuna\  which  are  lined  by  a  distinct  transjiarent  membrane  called 
the  capsule.  Each  lacuna  is  generally  occupied  by  a  single  cell,  but  during  the 
division  of  the  cells  it  may  contain  two*  four,  or  eight  cartilage^cells.  By 
boiling  the  cartilage  for  some  hours  and  treating  it  with  concentrated  mineral 
acifl,  the  capsule  may  be  freed  from  the  matrix,  and  can  then  be  flemonstrated  as  a 
distinct  vesicle  containing  the  cells.  By  exposure  to  the  action  of  an  electric  shock 
the  cell  assumes  a  jagged  outline  and  shrinks  away  from  the  interiro'  of  the 
capsule. 

The  matrix  is  transparent  and  apparently  without  structure,  or  else  presents 
a  dimly  granular  appearance,  like  ground  glass.  Some  observers  have  shown 
that  the  matrix  of  hyaline  cartilage,  and  esj)ecially  the  articular  variety,  after 
prolonged  maceration,  can  be  broken  up  into  fine  fibrils.  These  fibrils  are  prob- 
ably uf  the  same  nature,  chetuically,  as  the  white  fibres  of  connective  tissue.  It 
is  believed  by  some  histologists  that  the  matrix  is  permeated  by  a  number  of 
fine  channels^  which  connect  the  lacunie  with  each  other,  and  that  these  canals 
ommunicate  w^ith  the  lymphatics  of  the  ]»erichondrium,  and  thus  the  structure  is 
permeated  with  a  current  of  nutritious  fluid. 


lage. 


i.  'Xi.^il\mmii  rftrtiliige'Cells,  frum  the  eriLuicl  curti- 
MagDlQud  35(3  times. 
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The  articular  cartilages,  tbe  temporary  cartihijies,  and  the  costal  cartilages  are 
all  of  the  hyaline  variety.  Tlicy  prci^ent  minute  fUflferoiices  in  the  size  and  s-hajie 
of  their  cells  and  in  the  arrangement  of  their  matrix.  In  the  articular  cartilages, 
which  show  w^  temhnicy  to  ossification,  the  matrix  is  finely  granular  under  a  high 
power;  the  cells  and  nuclei  are  gmall  and  are  disposed  parallel  to  the  surface  in 
the  superficial  part,  while  nearer  to  the  bone  they  become  vertieaL  Articular 
cartilages  have  a  tendency  to  split  in  a  verticiil  direction,  probably  from  some 
peeuliarity  in  the  intimate  structure  or  arrangement  of  the  component  parts  of 
the  mutrix.  In  disease  this  tendency  to  a  fibrous  splitting  beciunes  very  manifest. 
Arlicubir  cartilage  is  not  covered  by  perichondrium,  at  least  on  its  free  surface, 
where  it  is  exposed  to  friction,  though  a  layer  of  connective  tissue  can  be  traced 
in  the  adult  over  a  small  part  of  its  circumference  continuous  with  that  of  the 
ay  no  vial  membrane,  and  here  the  cartilage-cells  are  more  or  less  branched  and 
pass  insensil)ly  into  the  branched  connective- tissue  corpuscles  of  the  synovial 
niembrane. 

Articular  cartilage  forms  a  thin  incrustation  ujjon  tbe  joint-surfaces  of  the 
bones,  and  its  elasticity  enables  it  to  break  the  force  of  any  concussion,  whilst  its 
smoothness  affords  ease  and  freedom  of  movement.  It  varies  in  thickness  accord- 
ing to  the  shape  of  the  btme  tm  which  it  lies  ;  where  this  is  convex  the  cartilage 
is  thickest  at  the  centre,  where  the  greatest  pr'essure  is  received;  and  the  reverse 
is  the  case  on  the  concave  surfaces  of  the  bones.  Articular  cartilage  ajvpears  to 
imbibe  it.s  nutriment  jjartly  from  the  vessels  of  the  neighboring  synovial  rnem- 
brane^  partly  from  thnse  of  the  bone  upon  which  it  is  implanted,  Mr.  Toynhee 
has  shown  that  the  minute  vessels  of  the  cancellous  tissue  as  they  approach  the 
articular  lamella  dilate  and  form  arches,  and  tltcn  return  into  the  substance  of  the 
bone. 

In  the  costal  cartilages  the  cells  and  nuclei  are  large,  and  the  matrix  has  a 
tendency    to  hbrous  striation,  especially  in   old  age  (Fig.  -3).     These  cartilages 

are  also  very  prone  to  ossify.  In  the 
tluckust  parts  of  the  costal  cartilages  a 
few  large  vascular  channels  may  be 
detected.  This  appears  at  fij-st  sigfjt  an 
exception  to  the  statement  that  cartilage 
is  a  non-vascular  tissue,  but  is  not  so 
really,  for  the  vessels  give  no  branches  to 
the  cartilage-substiince  itself,  and  the 
channels  may  rather  be  looked  upon  as 
involutions  of  the  perichondrium.  The 
ensiform  cartihige  may  be  regarded  as 
one  fif  the  cnstal  cartilages,  and  tbe 
cartilages  of  the  nose  and  of  the  larynx 
and  trachea  resemble  them  in  microscop- 
ical chamcters,  except  the  epiglottis  and 
cornicular  laryngis^  which  are  of  the 
reticular  variety. 

The  hyaline  cartilages,  especially  in 
adult  and  advanced  life,  are  prone  to 
calcifv — that  is  to  say,  to  have  their 
matrix  permeated  by  the  salts  of  lime  without  any  appearance  of  true  hone. 
The  process  of  calcification  occurs  also  and  still  more  frequently,  according  to 
Ilollett,  in  such  cartilages  as  those  of  the  iracbea^  which  are  prone  afterward  to 
conversion  into  true  bone. 

White  fibro -cartilage  consists  of  a  mixture  of  white  fibrous  tissue  and  cartilag- 
inous tissue  in  various  proportions;  it  is  to  the  first  of  tht^se  two  constituents 
that  its  flexibility  and  toughness  are  chiefly  owing,  and  to  the  latter  its  elasticity. 
When  examined  under  the  microscope  it  is  found  to  be  made  up  of  iibrous  con- 
nective tissue  arranged  in  bun<llcs,  with  cartilage-cells  between  tbe  bundles;  these 


Flo.  23.— Ccmtal  cartUaj^e  fmm  a  man  seventy -sfx 
years  of  aire,  Khowin<r  ilit*  dt'velo|jiiieni  ut  fllirttui 
structure  in  the  matrix.  1«  several  rKmJonsof  the 
jsp^clUH'n  two  or  thn?e  generfttlons  ca  eeUs  are  seen 
euclostd  In  a  i^areiU  cell-wall.    Hf^h  iKiwer. 
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Fio.  'J*.— White  flbro-cartHage  tram  the  semilunttr  dbk  of  the 
fled 


pAtella  joinl  of  an  ox.    Mtt^lfled  ICPQ  times. 


to  a  certain  extent  resemble  tendon-cells,  bnt  may  be  distingnishod  from  them  by 

being  surrounded  bv  an  investing  capsule  and  by  their  being  less  flattened  (Fig,  24)* 

The    fibro-cartilage.*^  aflmit  of 

arrangement  into  four  groups 

— interarticular,     connecting, 

circumferential,     and     strati- 

fonn. 

The  interarticular  fibro-car- 
tilages  {menUci)  are  fliittened 
fib ro-cartilagi nous  plates,  of  a 
round,  oval,  triangular,  or 
sieklo-like  form,  inter|>osed 
between  the  articular  carti- 
lages of  certain  joints.  They 
are  free  on  both  surfaces,  thin- 
ner toward  their  centre  than 
at  their  circumference,  and 
held  in  position  by  their  mar- 
gins and  extremities  being  cnn- 
nected  to  the  surrounding  ligaments.  The  synovial  membrane  of  the  joint  is 
prolonged  over  ihem  a  short  distance  from  their  attached  margins.  They  are 
found  in  the  teiuporo-maxillary,  sterno-clavicidar,  acroraio-clavicular,  wrist  and 
knee-joints.  These  cartilages  are  usimlly  founil  in  those  joints  which  are  most 
exposed  to  violent  concussion  and  subject  to  frequent  movement.  Their  use  is 
— to  maintain  the  apposition  of  the  opposed  surfaces  in  their  various  motions ;  to 
increase  the  depth  of  the  articular  stirfaces  and  give  ease  to  the  gliding  movement; 
to  moderate  the  effects  of  great  pressure  and  deaden  the  intensity  of  the  shocks  to 
which  the  parts  may  be  subjected,  Humphry  has  pointed  out  that  these  inter- 
articular fibro-carlilages  serve  an  important  purpose  in  increasing  the  variety  of 
movements  in  a  joint.  Thus,  in  the  knee-joint  rbere  are  two  kinds  of  moUfin, 
— viz.  angular  movement  and  rotation,  although  it  is  a  hinge  joint,  in  which,  as 
a   rule,   only  one   variety  of  motion  is   permitted ;  the  former  movement  taking 

Elace  between  the  condyles  of  the  femur  and  the  interarticular  cartilage,  the  latter 
etween  the  cartilage  and  the  head  of  the  tibia.  So,  also,  in  the  temporo-maxil- 
lary  joint,  the  upward  and  downward  movement  of  opening  and  shutting  the 
mouth  takes  place  between  the  cartilage  and  the  jaw-bone,  the  grinding  move- 
ment between  the  glenoid  cavity  and  the  cartilage,  the  latter  moving  with  the 
jaw-bone. 

The  connecting  fibro- cartilages  are  interposed  between  the  bony  surfaces  of 
those  joints  which  admit  of  only  slight  mobility,  as  between  the  bodies  of  the  ver- 
tebrae and  between  the  pubic  bones.  They  form  disks,  wldch  adhere  closely  to 
both  of  the  opposed  bones,  and  are  composed  of  concentric  rings  of  fibrous  tissue, 
with  cartilaginous  laminje  inter^iosed,  the  former  tissue  predominating  toward  the 
circumference,  the  latter  toward  the  centre. 

The  circumferential  fibro-cartilages  consist  of  a  rim  of  fibro-cartilage*  which 
rrounihi  the  margin  of  some  of  the  articular  cavities,  as  the  cotyloid  cavity  of 
■flie  hip  and  the  glenoid  cavity  of  the  slonilder;  they  serve  to  deepen  the  articular 
surface  and  to  protect  the  etlges  of  the  hone. 

The  staratiform  fibro-cartilages  are  those  which  form  a  thin  coating  to  osseous 
groores  through  which  the  tend<uis  of  certain  muscles  glide.  Small  masses  of 
fibro-cartilage  are  also  developed  in  the  tendons  of  some  muscles,  where  they 
glide  over  bones,  as  in  the  tendons  of  the  peroneus  longus  and  the  tibialis 
posticus. 

Yellow,  or  reticular^  elastic  cartilage  is  found  in  the  human  body  in  the 
auricle  of  the  external  ear,  the  Eustaclrian  ttibes,  the  cornieula  hiryngis,  and  the 
epiglottis.  It  consists  of  cartilage-cells  and  a  matrix,  the  latter  being  pervaded 
in  every  direction,  except  immediately  around  each  celL  by  a  netwnrk  of  yellow 
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ehistic  fibres,  branching  and  anastomosing  in  all  <lirectioo8  (Fifj.  25).  The  fibres 
resemble  those  of  yellow  elastic  tissue,  both  in  appearance  and  in  being  unafTected 
by  acetic  acid;  and  according  to  Rollett  their  continaity  with  the  elastic  fibres 
of  the  neighboring  tissue  admits  of  being  demonstrated* 

The  distinguishing  feature 

^^^ 


-^ 


w 


Fig.  25.— Yellow  c&rtUage.  ear  of  horse.    Htgh  power. 


of  cartilage  as  to  its  chemical 
composition  is  that  it  yields 
on  boiling  a  substance  called 
ehondrin^  very  similar  to 
gelatin,  but  differing  from  it 
in  not  being  precipitated  by 
tannin.  According  to  Kiihne 
there  is  a  small  amonnt  of 
gelatin  in  hyaline  cartilage. 
Virchow  believes  that  the 
semilunar  disks  in  the  knee* 
Joint  are  wrongly  denomi- 
nated cartilages,  since  they 
yield  no  chondrin  on  boil- 
ing; and  he  appears  to  re- 
gard them  as  a  modification 
with    the    cartilages   in   the 


of  a   tendinous   structure,    which,    however,  agrees 
important  |mrticular  of  being  non -vascular. 

Temporary  cartilage  and  the  process  of  its  ossification  will  be  described  with 
Bone. 


BONE. 

Structure  and  Fhy&lcal  Properties  of  Bone. — Bone  is  one  of  the  hardest  struc- 
tures of  the  animal  body  ;  it  possesses  also  a  certain  degree  of  toughness  and 
elasticity.  Its  color,  in  a  fresh  state,  is  of  a  pinkish  white  externally,  and  deep 
red  within.  On  examining  a  section  of  any  bonCj  it  is  seen  to  be  composed  of  two 
kinds  (>f  tissue,  one  of  which  is  dense  and  compaei  in  texture,  like  ivory;  the 
other  consists  of  slender  fibres  and  lam  el  he,  whicii  join  to  form  a  reticular  struc- 
ture:  this,  from  its  resemblance  to  lattice-work,  is  called  ean*'eIIoun,  The  com- 
pact tissue  is  always  placed  on  the  extt^rior  of  the  bone;  the  cancellous  is  always 
internal.  The  relative  quantity  of  these  two  kinds  of  tissue  varies  in  different 
bones,  and  in  different  parts  of  the  same  bone,  as  strength  or  lightness  is  requisite. 
Close  examination  of  the  compact  tissue  shows  it  to  be  extremely  porons,  so  that 
the  difference  in  structure  between  it  and  the  cancellous  tissue  depends  merely 
uptin  the  different  amount  of  solid  matter,  and  the  sixe  and  number  of  sjiaces  in 
each  ;  tht*  cavities  being  small  in  the  compact  tissue  and  the  solid  matter  between 
them  abundant,  whilst  in  the  cancellous  tissue  the  spaces  are  large  and  the  solid 
matter  in  smaller  quantity. 

Bone  during  life  is  permeated  by  vessels  and  is  enclosed  in  a  fibrous  membrane, 
the  periosU'um^  by  means  of  which  many  of  these  vessels  reach  the  hard  tissue. 
If  the  periosteum  is  stripped  from  the  surface  of  the  living  bone,  small  bleeding 
point.s  are  seen,  which  mark  the  entrance  of  the  periosteal  vessels ;  and  on  section 
during  life  every  part  of  the  bone  will  be  seen  to  exude  blood  fn^m  the  minute 
vessels  which  ramify  in  it.  The  interior  of  the  bones  of  the  limbs  presents  a 
cylindrical  cavity  filled  with  marrow  and  lined  by  a  highly  va-seular  areolar 
structure,  called  the  medullari/  memhrane  or  mternal  penmti'ttm,  which,  how« 
ever,  is  rather  the  areolar  envelope  of  the  cells  of  the  marrow  than  a  definite 
membrane. 

The  periosteum  adheres  to  the  surface  of  the  bones  in  nearly  every  part, 
excepting  at  their  cartilaginous  extremities.     Where  strong  tendons  or  ligaments 
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attached  to  tlie  bone,  the  periosteum  ig  incorporated  with  them*     It  consists 

two  layers  closely  united  together,  the  outer  one  formed  chiefly  of  connective 
tissue,  cotitaining  occasionally  a  few  fut-cells;  the  inner  one,  of  elastic  fibres  of 
the  finer  kind,  forming;  dense  membranous  networks,  which  can  be  again  separated 
into  several  layers.  In  young  bones  the  pcrioj^teum  is  thick,  and  very  vascular, 
and  is  inriniately  connected  at  either  end  of  the  bone  with  the  epiphysial  cartilage, 
but  less  closely  with  the  shaft,  from  wliicli  it  is  separated  by  a  layer  of  soft  blas- 
tema, containing  a  number  of  granular  corpuscles  or  *^  osteoblasts/*  in  which 
osaification  proceeds  on  the  exterior  \.\i  the  young  bone.  Later  in  life  the  peri- 
osteum is  thinner,  less  vascular,  and  the  osteoblasts  have  become  converted  into 
an  epithelial  layer,  which  is  separated  from  the  rest  of  (he  periosteum  in  many 
places  by  cleft^like  spaces,  which  are  supposed  to  serve  for  the  transmission  of 
lymph.  The  periosteum  serves  as  a  nidus  for  the  ramification  of  the  vessels 
previous  to  their  distribution  in  the  hone ;  hence  the  liability  of  bone  to  exffdia- 
tion  or  necrosis,  when  denuded  of  this  membrane  by  injury  or  disease.  Fine 
nerves  and  lymphatics,  which  generally  accompany  the  arteries,  may  also  be 
demonstrated  in  the  periosteum. 

The  marrow  not  only  fills  up  the  cylindrical  cavity  in  the  shafts  of  the  long 
bones,  but  also  occupies  the  spaces  of  the  cancellous  tissue  and  extends  into  the 
larger  bony  canals  (Haversian  canals)  whicli  eoutain  the  blood-vessels.  It  differs 
in  composition  in  different  bones.  In  the  shafts  of  adult  long  bones  the  marrow 
is  of  a  ytllow  color,  and  contains,  in  100  parts*  IN)  of  fat,  1  of  areolar  tissue  and 
ve^seb,  and  3  of  fluid,  with  extractive  matter,  and  consists  of  a  matrix  of  fibrous 
tissue,  supporting  numerous  hi <)od- vessels  and  cells,  most  of  which  are  fat-cells,  but 
some  few  are  '*  marrow-cells."  In  the  flat  and  short  bones,  in  the  articular  ends 
of  the  long  bones,  in  the  bodies  of  the  vertebra^  in  the  cranial  diploe,  and  in  the 
sternum  and  ribs,  it  is  of  a  rt'd  color,  and  contains,  in  100  parts,  75  of  water  and 
25  of  solid  matter^  consisting  of  albumen,  fibrin,  extractive  matter,  salts,  and  a 
mere  trace  of  fat.  The  red  marrow  consists  of  a  small  t|uantity  of  areolar  tissue. 
Wood-vessels,  and  numerous  cells,  some  few  of  which  are  fat-cells,  but  the  great 
majority  roundish  nucleated  cells,  the  true  '*  marrow-cells '*  of  Kiilliker.  These 
marrow-cells  resemble  in  appearance  the  white  corpuscles  of  the  blood,  though 
they  are  larger  and  have  a  relatively  larger  nucleus  and  a  elearer  ijrotophism,  but, 
like  them,  possess  amicboid  movements.  Amongst  them  may  be  seen  smaller 
cells  (erythroblasts)  w^hich  possess  a  slightly  pinkish  hue  ;  and  it  has  been  held 
by  Neumann  that  they  are  a  transitional  stage  between  marrow-cells  and  red 
blood-corpuscles,  while  otliers  believe  them  to  be  the  direct  descendants  of  the 
nucleatetl  embryonic  blood-cells  (see  p.  127),  and  to  be  transformed  into  blood- 
corpuscles  by  the  loss  of  their  nuclei. 

Griant-eelh  {jm/t'h'phtqwSy  osteoclasts),  large,  multinucleated,  protoplasmic 
masses,  are  also  to  be  found  in  both  sorts  of  adult  niarrow%  but  more  particularly 
in  red  marrow.  They  were  believed  by  Kolliker  to  be  concenaed  in  the  absorption 
of  bone  matrix,  and  hence  the  name  which  he  gave  to  thein--^o»feoclasts.  They 
excavate  small  shallow  pits  or  cavities,  which  are  named  Howship* s  laeunce^  in 
which  they  are  found  lying 

Vessels  of  Bone. — The  blood-vessels  of  bone  are  very  numerous.  Those  of  the 
compact  tissue  are  derived  fmm  a  close  and  dense  network  of  vessels  ramifying  in 
the  periosteum.  From  this  membrane  vessels  pass  into  the  minute  orifices  in  the 
com|iact  tissue,  running  through  the  canals  wdiich  traverse  its  substance.  The 
cancellous  tissue  is  supplied  in  a  similar  way,  but  by  a  less  numerous  set  of  larger 
vessels,  which,  perforating  the  outer  eruuj»act  tissue,  are  distributed  to  the  cavities 
of  the  spongy  portion  of  the  bone.  In  the  hujg  bones  numerous  apertures  may 
be  seen  at  the  ends  near  the  articular  surfaces,  some  of  which  give  passage  to  the 
arteries  of  the  larger  set  of  vessels  referre<l  to;  but  the  most  numerous  and  largest 
apertures  are  for  the  veins  of  the  cancellous  tissue,  which  run  separately  from  the 
arteries*  The  medullary  canal  in  the  shafts  of  the  long  bones  is  supplied  by  one 
large  artery  (or  sometimes  more),  which  enters  the  bone  at  the  nutrient  foramen 
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(aituated  in  most  cases  near  the  centre  of  the  shaft),  and  perforates  obliquely  the 
compact  structure.  The  nudnllart^  or  /lufn'ent  artery,  usoallv  accomj>a!ikHl  by 
one  or  two  veins*  sends  branches  upward  and  downward  to  supply  the  medullary 
membrane,  which  lines  the  central  cavity  and  the  adjoining  canals.  The  ramifica- 
tions of  this  vessel  anastomose  with  the  arteries  both  of  the  ciincellous  and  com- 
pact tissues.  In  most  of  the  flat,  nml  in  many  of  the  short  spongy  bimes,  one 
or  more  large  apertures  are  observed*  which  trunstuit,  to  the  central  parts  of  the 
hone,  vessels  correspondiritr  to  the  meduHary  arteries  and  veins.  The  veins  emerge 
from  the  long  bones  in  three  phiees  (Ki»lliker) :  (1)  by  one  or  two  large  veins, 
which  aecooipany  the  artery ;  (2)  by  numerous  large  and  small  veins  at  the  artic- 
ular extremities;  {^)  by  many  small  veins  which  arise  in  the  com|iact  substance. 
In  the  flat  cninial  bones  the  veins  are  hirge,  very  nimierous,  and  run  in  tortuoug 
canals  in  the  diploic  tissue,  the  sides  of  the  canals  being  formed  by  a  thin  lamella 
of  hone,  perforated  here  and  there  for  the  ]>assage  of  branches  fn>m  the  adjacent 
cancelli.  The  game  condition  is  also  found  in  all  cancellous  tissue,  the  veins  being 
enclosed  and  supported  by  osseous  structure  and  having  exceedingly  thin  coats. 
When  the  bony  structure  is  divided,  the  vessels  remain  patulous,  and  do  not  con- 
tract in  tbe  canals  in  which  tbcy  are  contained.  Hence  the  constant  occurrence 
of  purulent  absorption  after  amputation  in  tbose  cases  where  the  stump  becomes 
inflamed  and  the  cancellous  tissue  is  infiltrated  and  bathed  in  pus. 

Lymphatic  vessels,  in  addition  to  those  found  in  the  periosteum,  have  been 
traced  by  Cruikshank,  into  tbe  substance  of  bone,  and  Klein  describes  them  as 
running  in  the  Haversian  canals, 

Nerves  are  distributed  freely  to  the  periosteum,  and  acconi|iany  the  nutrient 
arteries  into   the  interior  of  the   bone.      They  are   said  by  Kolliker  to   be    most 

numerous  in  the  articular  extremities 
^^mtF^m^j^^^^^^^^^  of  the  long  hones,  in  tbe  vertebrae  and 

P^^  ^^i^^^K^|^!p^«* ,  Minute      Anatomy  .-^T  he      intimate 

structure  of  hone,  which  in  all  essential 
particulars  is  identical  in  the  compact 
and  cancellous  tissue,  is  most  easily 
stmlied  in  a  transverse  seclitm  from  the 
compact  wall  of  one  of  tbe  bmg  bones 
after  maceration,  such  as  is  shown  in 
Fig.  26. 

If  this  is  examined  with  a  rather 
low  power  the  bone  wil!  be  seen  to  he 
ma[»ped  out  into  a  nund>er  of  circular 
districts,  each  one  of  which  consists  of 
a  central  hole,  surrounded  by  a  number 
of  concentric  rings.  These  districts  are 
termed  Havermin  atfMtemit ;  the  central 
hole  is  an  Ilavtrsutn  vatfttL  and  tlie 
rings  a r* Hind  are  layej's  of  bone-tissue 
arranged  concentrically  around  the  cen- 
tral canal,  and  termed  lamelltr.  More* 
over,  on  closer  examination,  it  will  be  found  that  between  these  lomelbe,  and 
therefore  also  arranged  concentrically  around  tht^  central  canal,  are  a  number  of 
little  dfirk  specks,  tlie  ifjctutft'^  and  that  these  lacuuie  are  connected  with  each 
otber  ancl  with  ilie  central  Haversian  canal  by  a  number  of  fine  dark  lines,  which 
i-adiatc  like  the  spokes  of  a  wheel  and  are  called  tuinttNeuli.  All  these  structures 
— the  concentric  lamelhe,  the  lacunae,  and  the  canaliculi — may  be  seen  in  any 
single  Haversian  system,  forming  a  circular  district  round  a  centraL  Haversian, 
canal.  Between  these  circular  systems,  filling  in  the  irregular  intervals  whJcb  are 
left  between  them,  are  other  lamelhe,  with  their  lacunte  and  canaliculi,  running  in 
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Fiii  2<j.— Fi\>m  ft  transverse  Bectiuii  of  the  shaa  uf 
the  humenia.  MaKtiitkH]  a5<>  timeii.  «.  Uavcrsiati 
CftnAls.  ft.  Larimce.  wilh  tlieirrjinalirull  IrUhflatnt^Ua* 
of  these  ninals.  c.  Ijicnrife  of  the  interstitial  Imiiftlji-, 
d.  Other*  at  the  siirfftn*  of  tbe  Hnverslau  sysstems,  wllli 
CauAllcuU  given  off  from  one  side. 
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ious  directions,  but  more  or  less  curved  (Fig.  27).  These  are  termed  interstitial 
nellse.  Aguin,  other  lamcllic,  for  the  most  part  found  on  the  surface  of  the  bone, 
^re  arranged  concentrically  to  the  circumference  of  bone,  constituting,  as  it  were, 
M  single  Haversian  system  of  the  whole  bone,  of  which  the  medullary  cavity  would 
represent  the  Havci^sian  canaL  These  latter  laraelhe  are  termed  cireiimferentifxl, 
or  b  V  8om  e  a  u  th  o  rs  />  n't  n  a  nf  or  fu  n  da  m  e  n  ta  H  am  el  1  jb,  t  o  d  i  s  t  i  n  g  u  i  sh  t  h  em  from  those 
hiid'down  around  the  axis  of  the  Haversian  canals,  which  are  then  termed  secondary 
or  9peciiii  lamelli^j. 

The  Haversian  canals^  seen  as  round  holes  in  a  transverse  section  of  bone  at 
or  about  the  centre  of  each   Haversian  system,  may  be  demonstrated  to  be  true 
^  if  a  longitudinal  section  is  made,  as  in  Fig*  2\K     It  will   then  be  seen  that 
round  holes  are  tubes  cut  across,  which   run  parallel  with  the  longitudinal 
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Wia.  27.— Timiurvciie  section  of  compact  lissue  of  bone.    Magnlfieil  about  ifitf  dlameiere.    (Sharpey.) 

axis  of  the  bone  for  a  short  distance,  and  rhen  brand*  and  coramiinicate.  They 
vary  considerably  in  size,  some  being  as  large  as  ^^  ^^  ^^  inch  in  disimeter ;  the 
average  size  being,  however,  about  ^^  of  an  inch.  Near  the  medullary  cavity 
the  canals  are  larger  than  those  near  the  surface  of  the  bone.  Each  camd,  as  a 
rule,  contains  two  blood-vessels,  a  small  artery  and  vein  ;  the  larger  ones  also  con- 
tain a  small  quantity  of  delicate  connective  tissue,  with  branched  cells,  the  pro- 
of which  communicate  with   the  branched  processes  of  certain  btmc-cells 

the  substance  of  the  bone.  Those  canals  near  the  surface  of  the  bone  open 
tipon  it  by  minute  orifices,  and  those  near  the  medullary  cavity  open  in  the 
same  way  into  this  space,  so  that  the  whole  of  the  bone  is  permeated  by  a  system 
of  blood-vessels  running  through  the  bony  canals  in  the  centre  of  the  Haversian 

terns. 

The  lamt>U(T  are  thin  plates  of  bone-tissue  encircling  the  central  canal,  and 
tDiglit  be  comi»ared,  for  the  sake  of  illustration,  to  a  number  of  sheets  nf  paper 
pasteil  one  over  another  aroond  a  central  h**!low  cylinder.  After  macerating  a 
piece  of  bone  in  dilute  mineral  acid,  these  lamelh^  nuiy  be  stripped  off  in  a  longi- 
tudinal direction  as  thin  films.  If  one  of  the.se  is  examined  with  a  high  power 
under  the  microscope  it  will  be  found  to  be  composed  of  a  finely  reticular  struc- 
ture, presenting  the  appearance  of  lattice-work  made  up  of  very  slender,  trans- 
parent fibres,  decussating  oblitjuely,  and  cojilescing  at  the  points  of  intersection 

83    to  form  an  exceedingly  delicate    network.      In    many   places  the  various 

ellne  may  be  seen  to  be  held  together  by  tajiering  fibres,  which  run  obliijuely 
through  them,  pinning  or  bolting  them  together.  These  fibres  were  first  described 
by  Sharpey,  and  were  named  by  him  prrftiratinf^  fibres. 
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FiQ-  28.— Nucle«t<?d  bon«M3ellB  and  their 

I iroceaneb,  contained  in  the  borit?'lac"iina*  mul 
lielrcaiiali€ij1t  rosiH'eti  vyly.  From  a  stntion 
through  the  v*.rtc'brii  of  kn  adult  in  out*. 
IKlolti  arul  Noble  t^mith.) 
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The  huuiua;  are  situated  between  the  lamellse,  and  consist  of  a  number  of 
oblong  spaces.  In  an  ordinary  micni.^cojnc  section,  viewed  by  transmitted  light, 
tliey  appear  as  dark,  obluni^»  opatjue  ^pots^  and  were  formerly  believed  to  be  solid 
cells.  Subsequently,  when  it  was  seen  that  the  Haversian  canals  were  channels 
which  lodge  the  vessels  of  the  part,  nmi  the  canalieuli  minute  tubes  by  which  the 
plasma  of  the  blood  circulates  through  the  tissue,  it  was  taught  that  the  lacuna; 
were  hoUow  s]>aces  filled  during  life  with  the  same  fluid,  and  only  lined  (if  lined 
At    all)  bv   a  delicate    membrane.      But    this   view^  appears  also  to    be  delusive. 

Ex  11  mi  nation  of  the  structure  of  bone,  when 
recent,  led  Virchow  to  believe  that  the  lacunie 
are  occupied  during  life  with  a  nucleated  cell, 
the  processes  from  which  pass  down  the  canal- 
^^^^  ^  t  -1  V  M^c—  ^  A  ^*-'"^^ — ^  ^^^^^  which  is  now  universally  received 
.1  r^y^^m::>r^  "^Wnatt^v  \       (Fig.  28).     It  is  by  means  of  these  cells  that 

the  tin  ids  necessary  for  nutrition  are  brought 
into  c<uitact  with  the  ultimate  tissue  of  bone. 

The  ranfilieuli  are  exceedingly  minute 
channels,  which  pass  aarma  the  lamelli^  and 
connect  the  lacunji?  with  neighboring  lacunjie 
and  also  with  the  Haversian  canal.  From  this 
central  canal  a  number  of  the  canalicuH  are 
given  off,  which  radiate  from  it,  and  open  into 
the  first  set  of  laeunie,  arranged  aroinul  the 
Haversian  canab  between  the  first  and  second 
lanielhe.  From  these  lacunie  a  second  set  of 
canalieuli  are  given  c»ff,  which  pass  outward  to 
the  next  series  of  lacuna?,  and  so  on  until  they  reach  the  periphery  of  the  Haver- 
sian system;  here  the  canalieuli  given  off  from  the  last  series  of  lacuna^  do  not 
comnriinicate  with  the  lacume  of  neighboring  Haversian  systems,  but  after  passing 
outward  for  a  short  distance  ff>rm  loops  and  return  to  their  own  lacuna.  Thus 
every  part  of  an  Haversian  system  is  supplied  with  nutrient  fluids  derived 
from  the  vessels  in  the  Havei*sian  canals  and  traversing  the  canalieuli  and 
laenu:i2. 

The  ho/ie-rcih  are  contained  in  the  lacunie*  whici),  however,  tliey  do  not  com- 
pletely fill.  They  are  flattened  nucleated  ceils,  which  Virchow  hav^  shown  are 
horariloguus  with  those  of  connective  tissue.  The  cells  are  branched,  and  the 
branches,  especially  in  yonng  bones,  pass  into  the  canalieuli  from  the  lacunae. 

If  a  longitudinal  section  is  examined,  as  in  Fig.  29,  the  strncture  is  seen  to  be 
the  same.  The  apfiearance  of  c^uj centric  rings  is  replaced  by  that  of  lamelli^  or 
rows  of  lacunjT?,  parallel  to  the  course  of  the  Haversian  canals,  and  these  canals 
appear  like  half-tnhes  instead  of  circular  spaces.  The  tubes  are  seen  to  branch 
and  communicate.^  so  that  each  9e]*arate  Haversian  canal  runs  only  a  short  distance. 
In  other  respects  the  structure  has  much  the  same  appearance  as  in  transverse 
sections. 

In  sections  of  thin  plates  of  bone  (as  in  the  walls  of  the  cells  which  form  the 
cancellous  tissue)  the  Haversian  canals  are  absent,  and  the  canalieuli  open  into  the 
spaces  of  the  cancellous  tissue  (metlullary  s|iaces),  which  thus  have  the  same  func- 
tion as  the  Haversian  caiuils  in  the  more  compact  bone. 

Cliemical  Composition, — Bone  consists  of  an  animal  and  an  earthy  part  inti- 
mately c(»mlHneil  together. 

The  animal  part  may  be  obtained  by  immersing  the  bone  for  a  considerable 
time  in  dilute  mineral  acid,  allter  which  process  the  bone  comes  out  exactly  the 
same  shajjc  as  before,  Imt  perfectly  liexible,  so  that  a  huig  bone  (one  of  the  ribs,  for 
example)  can  easily  be  tied  in  a  knru.  If  now  a  transverse  section  is  made  (Fig, 
30),  the  same  general  arrangement  of  the  Haversian  canals,  lamellic,  lacunie,  and 
canalieuli  is  seen,  though  not  so  j»]ainU%  as  in  the  ordinary  section. 
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BONE. 

The   earthy  part   may  be   obtained    separate  by  caleinatioiK  by  which    the 
animal  matter'is  completely  burned  out.     The  bone  will  still  retain  its  original 

form,  but  it  will  be  white  and  brittle,  will 
have  loj^t  about  one-third  of  its  (►riginal 
weight,  and  will  crumble  down  with  the 
slightest  force*  The  t*arthy  matter  confers 
on  bone  its  hardnesis  and  rigidity,  and  the 
animal  matter  its  tenacity. 
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Fif«.  29* — Seelluii  imrnnel  to  the  surfact; 
n  fh.    Hii.iii   of  \\u-  fiMiiiir    Mitgnifiifl  ItJO 
lis.   6.  Ijicutia'  Rtfeii 

,„-_,„>...;.    .„:  .:  are  cut  horJEontnUy, 
Organic  matter    .     . 

Inorgariic 

or 
Earthy  mailer     ,     . 


Fio,  80.— SecUon  of  boia*  after  thi?  removal  of  the  earthy  mat- 
ter by  the  nction  of  acids. 

The  animal  base  is  often  called  cartilage, 
but  diifei's  from  it  in  structure,  in  the  fact  that 
it  is  softer  and  more  flexible,  and  that  when 
boiled  with  a  high  pressure  it  is  almost 
entirely  resolved  into  gelatin. 

The  organic  constituent  of  bone  forms  about 
onc'third^  or  83,3  per  cent,;  the  inorganic 
matter,  twO'tkmh,  or  66.7  per  cent. ;  as  is 
seen  in  the  subjoined  analysis  of  Ber- 
zelius: 


(rclatin  aii<l  blotul-vessel** 

33.30 

Phuspliate  of  lime    . 

51.04 

Carbonate  of  lime    , 

w.m 

Fluoride  of  calcium 

2.m 

Phosphate  of  magnesia 

ijr> 

,  Soda  and  chloride  of  sod i tun 

1.20 

UXJ.iK) 


Some  chemists  add  to  this  about  1  per  cent,  of  fat. 

Some  diiference  exists  in  the  proportion  between  the  two  constituents  of  bone 
•t  different  jieriods  uf  life.  In  the  child  the  animal  matter  predominates,  whereas 
in  aged  people  the  bimes  contiiin  a  larger  proportion  of  earthy  matter,  and  the 
animal  matter  is  deficient  in  <jiuintity  and  rpiality.  Hence  in  children  it  is  not 
uncommon  tu  find,  after  an  iryury  to  the  bones,  that  tliey  bccduie  hent  or  only 
jMirtially  bmken.  whereas  in  old  people  the  b<*nes  are  more  brittle  and  fracture 
take^  plaee  more  readily,  Srune  of  the  diseases,  also,  to  which  bones  are  lialde 
tuainly  ilepend  on  the  disproportion  between  the  two  constituents  of  bone.  Thus 
in  the  disetise  called  rickets,  so  common  in  the  children  of  the  poor,  the  bones 
become  bent  and  curved,  either  from  the  su]>erincumbent  weight  of  the  body,  or 
under  the  action  of  certain  muscles.  This  depends  upon  some  defect  of  nutrition 
by  which  b«ine  becomes  deprived  tyf  its  normal  proportion  of  earthy  matter,  whilst 
the  animal  matter  is  of  unhealthy  ipmlity.  In  the  vertebne  of  a  rickety  subject 
Dr.  Bostock  found  in  100  parts  71K7/>  animal  and  20,25  earthy  matter. 

Bevelopment  of  Bone. — In  tlje  fcetal  skeleton  some  bones,  such  as  the  long 
hones  of  the  Uuil)s.  are  cartilaginous;  others,  as  the  cranial  bones,  are  membran- 
ous. Hence  two  kinds  of  ossification  are  described:  the  IntracartihiiiinouM  and 
the  inirarncmbranons :  and  to  these  a  third  is  sometimes  added,  the  mihperio^teal ; 
this,  however,  is  the  same  as  the  second,  only  taking  place  under  different  cir- 
CUIUS  tance-s. 
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Intracartilaginoua  OasificatioE. — Just  before  ossification  begins  the  bone  is 
entirely  cartilaginous,  nwA  m  a  long  bone,  which  may  be  taken  as  an  example, 
the  process  commences  in  the  eentre  and  |iroceeds  toward  the  extremities,  which 
for  some  timt*  remitin  cartihiginous.  Subsequently  a  similar  process  enmniences 
in  one  or  more  places  in  those  extremities  and  gradually  extends  through  it.     The 

extremity  does  not,  however, 
become  joined  to  the  shaft  of 
the  bone  until  growth  has 
ceased,  but  remains  separated 
by  a  layer  of  cartilaginous 
tissue  termed  epiphymal  carti- 
lage. 

The  first  step  in  the  ossifica* 
tion  of  the  cartilage  is  that  the 
eartihige-eells,  at  the  point 
where  ossification  is  commen- 
cing and  which  is  termed  a  cen- 
tre uf  omificaiiotu  enlarge  and 
arrange  tbemselves  in  rows  (Fig. 
31),  The  matrix  in  which  tbey 
are  imbedded  increases  in  quan- 
tity, so  that  the  cells  become 
further  separated  from  each 
other.  A  deposit  of  calcareous 
material  now  takes  place  in  this 
matrix,  between  the  rows  of 
cells,  so  that  they  become  sepa- 
rated i\vm  each  t»ther  by  longi- 
tudinal columns  of  calcified 
matrix,  presenting  a  granular 
and  opaque  appearance.  Here 
and  there  the  matrix  between 
two  cells  of  the  same  row  also 
becomes  calcified,  and  thus  we 
have  transverse  bars  of  calcified 
substance  stretching  across  from 
one  calcareous  column  to 
another.  Thus  we  have  lon- 
gitudinal groups  of  the  cartilage- 
cells  enclosed  in  oblong  cavities,  the  walls  of  which  are  formed  of  calcified 
matrix.     These  cavities  are  callefl  the  primarif  arcfth*  (8har])ey). 

At  the  same  time  that  this  process  is  going  on  in  the  centre  of  the  cartilage  of 
which  the  frctal  bone  consists,  certain  changes  are  taking  place  on  its  surface. 
This  is  covered  by  a  very  vascular  membrane,  the  pcritnicHnK  **n  the  inner  surface 
of  which — that  is  to  say^  on  the  surface  in  contact  with  the  cartihigc — are  a  number 
of  cells  called  oHteoblaMn.  By  the  agency  (jf  these  cells  a  thin  layer  of  bony  tissue 
is  being  formed  between  the  periosteum  and  the  cartilage,  by  tlie  httntnient- 
branous  mode  of  ossification  presently  to  be  described.  We  Imve  tlien,  in  this 
first  stage  of  ossification,  two  processes  going  on  simultaneously :  in  the  centre  of 
the  cartilage  the  formation  of  a  number  of  oblong  spaces,  enclosed  by  calcified 
matrix  and  containing  the  cartilage-cells  enlarged  and  arranged  in  groups,  and  on 
the  surface  of  the  cartilage  the  formation  of  a  layer  of  true  membrajie-bone.  The 
second  stage  consists  in  the  prolongation  into  the  cartihige  of  processes  of  the 
deeper  or  osteogenetic  layer  of  the  periosteum  (Fig.  32,  /r).  The  processes  consist 
of  blood-vessels  and  cells  (osteoblasts).  They  excavate  jyassages  throiigb  the  new- 
formed  bony  layer  by  absorption,  and  jiass  through  it  into  the  calcified  matrix  (Fig. 
32).     Wherever  these  processes  come  in  contact  with  the  calcified  walls  of  the 
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Fi«.  ;it— Lf«-HiRiUnlitiu]  si'etiun  through  the  osMfyingportmn  ol 
ttlong  boiR*  in  ihe  liumati  embryo,  a,  CarUUigiDciua  region,  h. 
Kegiou  of  C4ildtl0"l  miitrlx. 


r  if»ii  k.f  fo  till  iKjm*  of  rut,    in  Imiptlon  of 
III'  '  lil  ijssui ,    n,  Fibnms  1  liver  i>f  tht*  pedfja- 

ilepQKii,  Oruin  Quaint  ^noiomy^K  A.  Hcb&l^rJ 


or  medullary  spaceH  (Muller).  In  these  eecondarv  Sfnices  the  original  cartilage- 
cells  disappear,  and  their  cavihes  become  tilled  with  embryonic  marrow,  coosisting 
of''08te<d>lasts  and  vessels,  and  derived,  at  all  events  in  part,  in  the  manner 
4c»cribed  above,  from  the  osteogenetic  layer  of  the  periosteum  (Fig.  33).  What 
becomes  of  the  cartilage-eells  is  not  finally  determined.  By  most  Listidugists  they 
are  believed  to  be  converted,  after  division,  into  osteoblasts,  and  su  assist  in  foi-m- 
ing  the  embryonic  marrow.  ( khers,  on  the  other  band,  believe  that  they  are 
dimply  absorbed  and  take  no  part  in  the  formation  of  bone. 

Thus  far,  then,  we  have  gcit  enlarged  spaees  (secondary  areola?),  the  walls  of 
which  are  still  formed  by  calcified  cartilage-matrix,  containing  an  embryonic 
marrow,  derived  from  the  ]> recesses  sent  in  from  the  osteogenetic  layer  of  the  peri- 
»)steura,  and  eonsisTing  i*{  blootl-vessels  and  ronnd  cells,  osteoblasts  (Fig.  38),  some 
of  which  probably  are  derive<l  from  the  division  of  the  original  cartilage-cells,  which 
have  disappeared.  The  walls  of  these  secondary  areohe  are  at  this  time  of  only 
inconsiderable  thickness,  but  they  now  become  thickened  by  the  deposition  of  lay- 
ers of  new  bone  on  their  interioi*.  This  procCvSS  takes  place  in  the  following 
maiiDer:  Some  of  the  osteoblasts  of  the  embryonic  marrow,  after  undergoing 
ripid  division,  arrange  themselves  as  an  epithelioid  layer  on  the  suiface  of  the 
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wall  tif  the  space  (Fig.  34).  This  layer  of  6&tei)!jhusts  forms  a  linny  stratum, 
ami  thti8  the  wall  nf  the  space  becomes  gradually  covered  with  a  kyer  of  true 
oH.Heuus  substance.  <Jn  this  a  seeonrl 
layer  of  osteoblasts  arrange  them- 
gelves,  and  in  their  turn  form  an  os- 
seous layer.  By  the  repetition  of  this 
process  the  t»n^irial  cavity  becomes 
very  iniieh  reduced  in  size,  und  at  last 
only  remains  as  a  smull  eircuhir  hole 
in  the  centre,  containing  the  remains 
of  the  embryonic  mjirrow — that  is,  a 
blood-vessel  and  a  few  osteoblasts. 
This  small  csivitv  constitutes  the  Ha- 


Fn».  JM  — Truii-MT'^L  ^clII'Ii  frnm  the  fiemurof  a 
humnji  erarjr>o  aiMJUt  eleven  wtH'ks  old,  o.  A  med- 
Hilary  mfTi  11^  eal  truiisvursvlv,  an«l  &,  iinolher,  lon^- 
Uudinally.  c.  ostpuhlusLs.  J,  Newty-formed osseous 
BUbstAiice  of  H  Ikhtfr  t:«>ti)r.  r  That  of  EreEter  a^. 
f.  Lftt'iiniP  wUh  their  fclb.  g.  A  cell  «till  untied  lo 
an  ofiteobliut. 


Pio,  S5.— Vertical  Kvction  from  tlii.'  edge  of  the 
Otslli'lus  portion  of  the  diuptiysi-H  of  ft  meUtar- 
■Hl  tMine  tti^m  •%  fo-^tal  rnlr.  (After  Miiller.)  a. 
Groimd-iiiiuiii  of  ilie  rariilUK**.  6,  Of  the  bone,  c. 
Newly-fofuied  iwnieHfiHls  In  |>rollli?,  more  or  lew 
imbecMed  (ii  inten'cUulAf'  eu.l«tam'e,  d.  Medul- 
lury  cfLniil  in  process  of  furmutlon.  with  vessel* 
Ana  niedullar>'  cellp.  r,  /.  Bi>ne-ceUs  on  their 
brosd  aspect,  ff.  CartUiige-c*r«»Jl«?»'  arranged  in 
rows,  and  partly  with  shrunk«*n  cellbodies. 


versian  canal  uf  the  perfectly  ossified  bone.  The  successive  Iayei*8  of  tisseous 
matter  which  have  been  laid  down  and  which  encircle  this  central  canah  consti- 
tute the  lamellre  of  which,  as  we  have  seen,  each  Haversian  system  is  made  up. 
As  the  successive  layers  uf  osteoblasts  form  osseous  tissue,  certain  of  tlie  osteo- 
blastic cells  remain  ijicbidtnl  between  the  various  bony  layers.  These  continue 
persistent,  and  remain  as  the  corpuscles  of  the  future  bone,  the  spaces  enclosing 
them  forming  the  bicunic  (Fig,  M).  The  mode  of  the  formation  of  the  canaliculi 
is  not  known. 

Such  are  the  changes  which  may  be  observed  at  one  particular  point,  tlie  centi*e 
of  ossification.  While  they  have  been  ;joing  on  here  a  similar  process  fias  been 
proceeding  in  the  same  manner  toward  the  end  of  the  shaft,  so  tluit  in  the  ossify- 
ing bone  all  the  changes  described  above  may  be  seen  in  different  parts,  from  the 
true  bone  in  the  centre  of  the  shaft  to  the  hyaline  cartilnge  at  the  extremities. 
The  bone  thus  formed  differs  from  the  bone  of  the  adtdt  in  being  mrjre  spongy  and 
less  regularly  bimellated. 

Thus  far.  then,  we  have  followed  the  ste]>s  of  a  process  by  which  a  solid  bony 
mass  is  producedt  having  vessels  running  into  it  from  the  periosteum,  Ilaversiaa 
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cma&ls  in  which  those  vessels  run,  medullary  spaces  filled  with  foetal  marrow, 
ImCQiise  with  their   contained   bone-cells,  an*i   canaliculi    growing   out  of  these 

This  process  of  ossification,  however,  is  not  the  origin  of  the  whole  of  the 
skeleton,  for  even  in  those  bones  in  which  the  ossification  proceeds  in  a  great 
measure  from  a  single  centre,  situated  in  the  cartilaginous  shaft  of  a  long  bone,  a 
considerable  part  of  the  original  bone  is  formed  by  intramembranous  ossification 
beneath  the  perichondrinm  or  periosteum  ;  so  that  the  girth  of  the  bone  is  increased 
by  bony  deposit  from  the  deeper  layer  of  this  membrane.  The  shaft  of  the  bone 
is  at  first  solid,  bnt  a  tube  is  hollowed  out  in  it  by  absorption  around  the  vessels 
passing  into  it,  which  becomes  the  medullary  caniil.  This  absorption  is  supposed 
to  be  brought  about  by  large  '*  giant-eells/'  which  have  long  been  recftgnixed  as  a 
constituent  of  foetal  marrow,  and  which  are  believed  by  KoHiker  to  have  the  power 
of  absorbing  or  dissolving  bone,  and  be  has  therefore  named  them  *'  osteoclasts  '* 
(Fig.  33,  ./*)•  They  vary  in  shape  and  siKe,  and  are  known  by  containing  a  large 
niunber  of  clear  nuclei,  sometimes  as  many  as  twenty.  The  occurrence  of  similar 
cells  in  some  tumors  of  bones  has  led  to  such  tumors  being  denominated 
•*  myeloid/* 

As  more  and  more  bone  is  removed  by  this  process  of  absorption  from  the 
interior  of  the  bone  to  foi-ra  the  medullary  canal,  so  more  and  more  bone  is 
deposited  on  the  exterior  from  the  periosteum,  until  at  length  the  bone  has  attained 
the  shape  and  size  which  it  is  destined  to  retain  during  adult  life.  As  the  ossifi- 
cation of  the  cartilaginous  shaft  extends  toward  the  articular  ends  it  carries  with 
it,  as  it  were,  a  layer  of  cartilage,  or  the  cartilage  grows  as  it  ossifies,  and  thus  the 
bone  is  increased  in  length.  During  this  period  of  growth  the  articular  end,  or 
epiphysis,  remains  for  some  time  entirely  cartilagitious  ;  then  a  bony  centre  appears 
in  it^  and  it  commences  the  same  process  of  intracartilaginous  ossification;  but 
this  process  never  extends  to  any  great  distance.  The  epiphyses  remain  separated 
from  the  shaft  by  a  narrow  cartilaginous  layer  for  a  definite  time.  This  layer 
ultimately  ossifies,  the  distinction  between  shaft  and  epiphysis  is  obliterated,  and 
the  bone  assumes  its  completed  form  and  shape.  The  same  remarks  also  apply  to 
the  processes  of  bone  which  are  separately  ossified,  such  as  the  trochanters  of  the 
femur.  The  bones,  having  been  formed,  continue  to  grow  until  the  body  has 
acquired  its  full  stature.  Tbey  increase  in  length  by  ossification  continuing  to 
extend  in  the  epiphysial  cartilage,  which  goes  on  growing  in  advance  of  the  ossi* 
fviDg  process.  They  increase  in  circumference  by  deposition  of  new  bone,  from 
the  deeper  layer  of  the  periosteum,  on  their  external  surface,  and  at  the  same 
time  an  absorption  takes  place  from  within,  by  which  the  medullary  cavity  is 
increased. 

The  medullary  spaces  which  characterize  the  cancellous  tissue  are  produced  by 
the  absorption  of  the  original  fi.ietal  bone  in  the  same  way  as  the  original  medul- 
lary canal  is  formed.  The  distinction  between  the  cancellous  and  compact  tissue 
appears  to  depend  essentially  upon  the  extent  to  which  this  process  of  absorption 
h«s  been  carried;  and  we  may  perhaps  remind  the  reader  that  in  morbid  slates  of 
the  bone  inflammatory  absorption  produces  exactly  the  same  change,  and  converts 
portions  of  bone  naturally  compact  into  cancellous  tissue. 

Intramembranous  Ossification. — The  intramembranous  ossification  is  that  by 
which  the  bones  of  the  vertex  of  the  skull  are  entirely  formed.  In  the  bones 
which  are  so  developed  no  cartilaginous  mould  precedes  the  appearance  t)f  the 
bone-tissue.  In  the  membrane  which  occupies  the  place  of  the  future  bone,  a  little 
network  of  bony  spiculfe  is  first  noticed,  radiating  from  the  point  of  ossification. 
When  these  rays  of  growing  bone  are  examined  by  the  microscope,  they  are  found 
to  consist  of  a  network  of  fine  clear  fibres  and  granular  cells  with  a  ground- 
substance  between.  The  fibres  are  termed  osteoffentc  fibres,  and  soon  become 
dark  and  granular  from  calcification,  and  as  they  calcify  they  are  found  to  enclose 
the  granular  cells  or  **  osteoblasts  "  (Fig,  36),  The  calcification  not  only  involves 
the  osteogenic  fibres,  but  also  the  ground-substance  of  the  tissue  in  which  they 
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Ft(>.  :W.— (>9te<jblitsts  ft\nu  thu  fwrietal  bone  of  n  htiman  cm 
bryo  thirteen  week*  «ld.    (After  Gegenbauer.)   a.  Bom-  ^epta  with 
the  cells  of  the  lacunip,    '>.  I-^yers  of  oeteublwits.    e.  The  lal 
transitton  to  bone-corptiaclcs. 


latter  in 


are  contaiiuMl,     The  cells  at  first  lie  upon  the  osteoccenic  fihres,  m  that  they  can 
be  removed   by  brushing   the   specimen    with   a   hair-pencil,  in   order    to   render 

the  fibres  clear ;  but  they  gra^l- 
nally  beeome  involved  in  the 
ossifying  matrix,  and  form  the 
corpuscles  of  the  ftjtiire  bone, 
the  spaces  in  which  they  are 
enclosed  eonstitutintj  the  la^ 
cum^.  As  the  tissue  increases 
in  thickness,  vessels  shf»ot  into 
it,  grooving  for  themselves 
sjmces  or  channels,  which  be- 
come the  Haversian  canals. 
Thus,  the  intramembranons 
and  intracartilaginous  processes 
of  ossification  are  similar  in 
their  more  essential  features. 

The  number  of  ossific  cen- 
tres is  diflcrcnt  in  difTerent 
bones.  In  most  of  the  short 
bones  ossification  commences 
by  a  single  ]ioint  in  the  centre, 
and  ])roceeds  toward  the  cir- 
cumference. In  the  long  bones  there  is  a  central  point  of  ossification  for  the 
shaft  or  diaphysis ;  and  one  or  more  for  each  extremity^  the  epiphysis.  That 
for  the  shaft  is  the  first  to  appear.  The  union  of  the  e|dphyses  with  the  shaft 
takes  place  in  tlie  reverse  order  to  that  in  which  their  ossification  began,  and 
appears  to  be  regulated  hj  the  direction  <if  the  nutrient  artery  of  the  bone,  Thns, 
the  nutrient  arteries  of  the  bones  of  the  ann  and  fore-arm  are  directed  toward  tlie 
elbftw,  and  the  epiphy.ses  of  the  bones  forming  this  joint  become  united  to  the 
shaft  before  those  at  the  opposite  extremity.  In  the  lower  limb,  on  the  other 
hand,  the  nutrient  arteries  pass  in  a  ilirection  fnnu  tlie  knee:  that  is.  npward  in 
the  femur;  d<»wnward  in  the  tibia  and  fibula;  and  in  them  it  is  observed  that  the 
upper  epiphysis  of  the  femui%  and  the  lower  epiphysis  of  the  tibia  and  fibula, 
become  first  united  to  the  shaft. 

Where  there  is  only  one  epiphysis,  the  medullary  artery  is  directed  toward 
that  enrl  of  the  bone  where  there  is  no  additional  centre,  as  toward  the  acromial 
end  of  the  clavicle,  toward  the  distal  end  nf  the  metacarpal  bone  of  the  thumb 
and  great  toe,  and  toward  the  pmxioial  end  of  the  other  metacarpal  and  meta- 
tarsal bones. 

Besides  tiiese  epiphyses  for  the  articular  ends,  there  ai^e  others  for  projecting 
parts  or  prucesses,  which  are  formed  sejiarately  from  the  bulk  of  the  bone.  For 
an  accuimt  of  these  the  reader  must  be  referred  to  the  description  of  ihe  individual 
bones  in  the  sequel. 

A  knowledge  of  the  exact  jierioda  when  the  epiphyses  become  joined  to  the 
shaft  is  (jften  of  great  im|>ortanee  in  medieo-legal  iniptiries.  It  also  aids  the  sur- 
geon in  the  diagnosis  of  many  of  the  injuries  to  which  the  joints  are  liable;  for  it 
not  infre<|uent]y  hap])en8  that,  on  the  a]>plication  of  severe  force  to  a  joint,  the 
epiphysis  becomes  separated  from  the  shaft,  and  such  injuries  may  be  mistaken  for 
fracture  or  dislocation. 

MUSCXTLAE  TISSUE. 

The  muscles  are  formed  of  bundles  of  retldish  fibres,  endowed  with  the  jjroperty 
of  contractility.  Two  kinds  of  muscular  tissue  are  ftuind  in  the  animal  b*nly— viz. 
that  of  voluntary  or  animal  life,  and  tliat  of  invtduntary  or  organic  life.  The 
muscles  of  animal  life  (striped  muscles)  are  cajtabh?  of  being  |Hit  in  action  and 
controlled    by   the    will.     They  are  composed  of  bundles  of  fibres  enclosed  in  a 
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Fro.  37.— Tmmverfle  Section  from 
the  stemo-iDaBtoid  in  man.  MaKQ^i* 
fled  50  ttmee.  a.  External  perimjt- 
lum.  b.  Faaeictilus.  e.  Internal 
IHrlinyBJum.    J»  Fibn?, 


delicate  web  called  the  ''perimysium/*  m  contradistinction  to  the  sheath  of 
areolar  tissue  which  invests  the  entire  muscle,  the  *' epimvsium/'  The  bundles 
are  termed  ''  fasciculi ;  "  they  are  prismatic  in  shape,  of  different  sizes  in 
different  muscles,  and  for  the  most  part  placed  parallel  to  one  another,  though 
they  have  a  tendency  to  converge  toward  their  tendinous  attachments.  Each 
fasciculus  is  made  up  of  a  bundle  of  fibres^  ^hich  also  run  parallel  with  each 
other,  and  which  are  separated  from  one  another  by 
a  delicate  connective   tissue  derived   from   the    peri-  ^t 

mvsium,  and  termed  mdomi/mtm  (Fig.  37). 

A  muscular  fih re  may  be  said  to  consist  of  a  soft 
contractile  substance  enclosed  in  a  tubular  sheath, 
named  by  Bowman  the  narc^th'tnnut*  The  fibres  are 
cylindrical  or  prismatic  in  shnpe,  and  are  of  no  great 
length,  not  extending,  it  is  said,  further  than  an  inch 
and  a  half.  They  end  either  by  blending  with  the 
tendon  or  aponeurosis,  or  else  by  becijming  drawn 
out  into  a  tapering  extremity  which  is  connected  to 
the  neighboring  fibre  by  means  of  the  sarcolemma. 
Their  breadth  varies  in  man  from  :j-J-^  to  -^^  of  an 
inch,  the  average  of  the  majority  being  about  j^. 
As  a  rule,  the  fibres  do  not  divide  or  anustomose; 
fcut  occasionally,  especially  in  the  tongue  and  facial 
muscles*  the  fibres  may  be  seen  to  divide  into  several 
branches.     The  precise  mode  in  which  the   muscular 

fibre  joins  the  tendon  has  been  variously  described  by  different  observers.  It 
may^  perhaps,  be  sufficient  to  say  that  the  sarcolerama,  or  membranous  investment 
of  the  muscular  fibre,  ap^iears  to  become  blended  with  the  tissue  of  the  tendon, 
and  prolonged  more  or  less  into  the  tendon,  so  that  the  latter  forms  a  kind  of 
eheath  around  the  fibre  for  a  longer  or  shorter  distance.  When  muscular  fibres 
are  attached  to  the  skin  or  mucous  membranes,  their  sarcolemma  probably 
becomes  continuous  with  the  fibres  of  the  areolar  tissue. 

The  sareolemma^  or  tubular  sheath  of  the  fibre,  is  a  transparent,  elastic,  and 
apparently  homogeneous  membrane  of  considerable  toughness,  so  that  it  will  some* 
times  remain  entire  when  the  included  substance  is  ruptured  (see  Fig.  38).  On 
the  internal  surface  of  the  sarcolemma  in  manimalia,  and  also  in  the  substance  of 
the  fibre  in  the  lower  animals,  elongated  nuclei  are  seen  (Fig.  55),  and  in  connec- 
tion with  these  a  row  of  granules,  apparently  fatty,  is  sometimes  observed* 

Upon  examination  of  a  muscular  fibre  by  transmitted  light  under  a  sufficiently 
high  power,  it  is  found  to  be  ap])arently  marked  by  alternate  light  and  dark  bands 
or  strire,  which  piLss  transversely,  or  somewhat  obliquely,  round  the  fibre  {Fig.  38). 
The  dark  and  light  bands  are  of  nearly  equal  breadth,  and  alternate  with  great  regu- 
larity. Other  striae  pass  longitudinnll}^  over  tlie  fibres,  though  they  are  less  distinct 
than  the  former.  This  longitudinal  striation  gives  the  fibre  the  appearance  of 
being  made  up  of  a  bundle  of  fibrilhe.  The  muscular  fibre  can  be  broken  up  either 
in  a  longitudinal  or  transverse  direction  (Fig,  39).  If  hardened  in  alcohol,  it  can 
be  broken  up  longitu<linally,  and  forms  the  so-called  fibrilke  of  which  some  suppose 
the  fibre  to  be  made  up.  Each  fibril  is  marked  by  transverse  striic,  and  appears 
10  consist  of  a  single  row  of  minute  quadrangular  particles,  named  "^'sarcous 
elements  '*  by  Bowman.  A  still  further  divisirm,  however,  is  capable  of  being 
made,  and  each  of  these  fibrillar  may  be  divided  into  minute  threads  (Fig.  40,  B,  •/). 
consisting  of  an  alternate  dark  and  light  spot.  After  ex|iosure  to  the  action  of 
dilute  hydrochloric  acitl,  the  muscular  fibre  can  be  broken  transversely  (Fig.  39, 
b).  It  then  forms  disks  or  plates,  consisting  <jf  the  same  quadrangular  particles, 
attached  by  their  lateral  surfaces. 

Upon  closer  examination   with  a   very  high  power  the  appearances  become 

more  complicated  and  are  susceptible  of  various  interpretations.     The  transverse 

H     striation,  which  in  Figs.  38  and  31'  appears  aa  a  mere  alternation  of  dark  and  light 
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bands,  is  resolved  into  the  appefirance  shown  in  Fig.  40,  wLieb  "shows  a  series  of 
broad  dark  btujds,  aejmrated  by  a  light  band,  which  is  itself  divided  into  two  by  a 
dfirk  streak.  This  streak  is  temied  KrauM^m  membrane  ;  it  is  eontiniious  at  each 
end  with  the  sarcolenima  investing  the  nmsciilar  fibre.  Thus  it  may  be  said  that 
the  fibre  is  divided  into  a  nnndier  of  transverse  eouipartirients  by  thii^  niembrane, 
each  compartment  containing  in  the  centre  a  dark  plate  with  a  bright  border 
above  and  below;  that  is  to  say,  between  the  dark  central  part  and  the  membrane 
of  Kraiisc,  A  muscular  fibre  presents,  then,  the  appearance  of  the  following 
layers  in  regular  alternation:  a  dark  layer,  the  transverse  diak;  a  bright  trans- 
parent layer,  the  hffrai  disk  ;  a  dark  line,  the  intermediate  disk  or  membrane  of 
Krause  ;  then  another  lateral  disk,  a  transverse  disk,  and  so  on  (Figs.  40  and  41). 
This  appearance,  following  the  observations  of  Rollett,  is  due  to  the  mode  of  for- 


Fio,  88.— Two  hum  nil  muscular  ftbrc§. 
Munificd  ry)  iime« .  I  ii  the  one,  the  bundle  of 
flbnOfe  i('i}  \s  torn,  und  the  sarcoLemma  (aj  is 
ieen  as  an  empty  tube. 


Fkj-  3l».— KrujifmeutB  nf  ftHped  elt-menlHrv  Hbnss. 
fihowinga  cleava^^  in  oppo&He  dlrtictinna.  Ma^nitied 
800  dinnieters.  a.  Loncitiiflinal  oleavag^e.  The  longi' 
turllnal  and  tratiRVtrst'  Unet  are  both  seen.  Some  Ion- 
gitudlnnl  lines  are  darker  and  wider  tbau  the  rest,  and 
are  not  continuuuK  from  end  to  end.  This  reAultn  from 
partial  separat Ion  of  thi^ftbrillfc.  r.  Fibrlllce  separated 
fbom  one  another  by  violence  at  ihe  broken  end  of  the 
fibre,  and  inarki'd  by  transvi*f*e  line?  utjuul  in  width  to 
tlioBe  on  the  fibre,  e',  c"  represent  two  a]in»ear8nce«  com- 
monly pfesi'nted  by  the  separated  ^In^rle  fibril  la-  (mo 
h  l(6f  h  iV  m  tt  en  i  f\\^  d  >  A  t  <•'  t  h  e  bi  i  nie  i>i  imd  tratis  verse  1" 
are  nil  perfectly  reelilinear.  and  tht  included  spaces , 
feetly  reeta uvular.  At  <*''  the  bonlers  tire  sealfoped  I 
the  KiMces  l:>eiid-llke.  When  nn>at  dii^tinel  and  de^ntte 
the  flbrniti  rvrejivius  the  former  of  tht«e  ai^pearanees. 
a.  Transverse  cJeava^c.  The  looffitudinal  line*  are 
scarcely  visible,  a.  Ineompkte  fracture  fullowtn>f  the 
op|>o«ite  surfaces  of  a  disk,  which  «tTelchLa  across  the 
interval,  and  retains  the  two  lVagment£  in  etiiinectlon* 
The  edg^  and  surfjiees  of  this  di^k  are  #jeen  to  be 
mlnutelv  eranular^  the  irranules  corrt'is[H;mdinp  in  lice 
tfj  the  thickness  of  tlu'  diNk  and  to  the  distance  between 
the  faint  lonf^itndlnal  lines,  b.  Another  disk  nearlr 
detached.  b\  Detaebed  disk,  more  highly  magniflea* 
showing  the  Mrcoug  elements. 
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mation  of  a  muscular  fibre,  whicli  is  made  up  of  two  princi]>al  parts  :  1,  fibrilK^ ; 
and  2,  a  hyaline  or  faintly  granular  substance,  resembling  protoplasm,  and  called 
sarcophum.  The  fibrilhe  are  arranged  in  bundles  called  museifJar  cohimn»  or  sar- 
costifles^  and  these  again  in  larger  groups,  whicb,  collected  together*  form  the 
fibre.  The  fibrillte  are  surrounded  by  the  sarcoplasm,  which  surrounds  also  the 
columns  and  groups  of  columns,  being  in  these  latter  situations  greater  in  amount 
tlniTi  between  the  fibrilbie.  So  that  on  transverse  section  a  muscular  fibre  is  seen 
to  be  divided  into  a  number  of  areas,  called  the  arean  of  Cohnkeim,  more  or  less 
polyhedral  in  shape,  and  consisting  of  the  columns  of  fibrilbie  surrounded  by  trans- 
parent sheatba  of  sarcoplasm.  And  these  areas  are  collected  into  larger  or  smaller 
groups,  which  in  the  same  manner  are  surrounded  by  transparent  sarcoplasm. 
Each  area  of  Cohiiheim  presents  a  granular  appearance  due  to  the  cross-section  of  its 
constituent  fibrilbe,  surrounded  by  a  small  amount  of  the  hyaline  sareoplasm.  The 
fibrilhe  extend  throughout  the  whole  length  uf,  and  are  parallel  to,  the  long  axis  of 
the  muscular  fibre.  They  present  the  following  appearances  in  regular  alteration : 
(1)  a  dim  prismatic  or  rod-shaped  element,  the  sareouR  ejeniimt  of  BtfWtnan  ;  (2)  a 
thin  bridge,  which  joins  the  sarcous  element  to  (8)  a  dark  granule*     Then  again 
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iooilier  thin  bridge  joining  the  same  granule  to  the  next  ^arcous  element  and  so 
on.  When  these  fibrillin  are  collected  together  into  columns,  and  the  columns  into 
muscular  fibres,  the  apipearance  mentioned  above  m  produced.  The  sarcous  ele- 
ments,  when  arranged  side  by  side  and  almost  touching  each  other,  with  very 
little  sarcoplasm  between  them,  represent  the  transverse  disk.  The  bridges,  being 
much  thinner  than  the  sarcous  element  or  the  <Urk  granules,  have  between  each 
other  a  much  larger  amount  of  sarcoplasm,  and  this  gives  to  this  part  the  irans- 
purent  appearance  of  the  lateral  disk.  And,  lastly,  the  granules  joined  edge  to 
e<lge  in  a  row  present  the  appearance  of  a  membrane,  which  represents  the  inter- 
mediate  disk. 

On  the  muscular  fibre,  immediately  beneath  the  sarcolemma   the  sarcoplasm 
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becomes  here  and  there  collected  into  smalU  plate-like  masses.  They  contain  oval 
nuclei,  and  are  termed  *' musele-corpuscles."  Finally,  in  the  centre  of  each 
nrcous  element  a  transparent  lighter  band  can  sometimes  be  discerned:  this  is 
known  as  the  median  disk  of  Hensen,  and  is  doe  to  the  substance  of  the  sarcous 
elements  being  here  thinner. 

This  form  of  muscular  fibre  composes  the  wliole  of  the  voluntarv  muscles,  all 
the  muscles  of  the  ear,  those  of  the  krnyx,  pharynx,  tongue,  the  uj>per  half  of  the 
cesophagus,  the  heart,  and  the  walls  of  the  large  veins  at  the  point  where  they 
open  into  it  The  fibres  of  the  heart,  however,  differ  very  remarkably  from  those 
of  other  striped  muscles.  They  are  smaller  by  one-third,  and  their  transverse 
strise  are  by  no  means  so  distinct.  The  fibres  are  made  up  of  distinct  quadran- 
gular cells  joined  end  to  end  (Fig.  42).  Each  cell  contains  a  clear  oval  nucleus, 
situated  near  the  centre  of  the  cell.  The  extremities  of  the  cells  have  a  tendency 
to  branch  or  divide,  the  subdivisions  uniting  with  offsets  from  other  cells,  and 
thus  producing  an  anastomosis  of  the  fibres  (Fig.  42).  The  connective  tissue 
between  the  bundles  of  fibres  is  much  less  than  in  ordinary  striped  muscle,  and 
no  sarcolemma  has  been  proved  to  exist. 

The  capiliaries  of  stripe<l  muscle  are  very  abundiiut,  and  form  a  sort  of  rect- 
angular network,  the  branches  of  which  run  hmgitiidinally  in  the  endomysiuui 
between  the  muscular  fibres,  nnd  are  joined  at  short  intervals  by  transverse 
anastomosing  branches.     The  larger  vascular  channels,  arteries  and  veins,  are 
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Fiii,  ii,— AtiftslumiMifnif  uiuAculAr 
Hbrea  of  the  heart  seen  in  ii  lonsitu- 
din*l  section,  fhi  rlie  n«hl  the  llm- 
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found  only  in  the  perimysiam,  between  the  muscular  fascicnli.     The  smaller  ves- 
aelfl  present  peciiliar  saccular  dilatations,  whicli  ai*e  sii|>]*08eil  to  act  as  receptacles 

for  the  blood  <iuring  the  contraction  of  the  nmscnlar 
fibres,  when  it  is  }>i'essGd  out  from  some  of  the  capil- 
laries. 

Nervi's  are  i^rnfasely  distributed  to  striped 
muscle.  The  mode  of  their  termination  will  be 
described  on  a  siihsequent  page. 

The  existence  of  hpnphufie  vessels  in  striped 
muscle  has  not  been  ascertained-^  though  they  have 
been  found  in  tendons  and  in  the  sheath  of  the 
muscle. 

The  uBStriped  muscle,  or  muscle  of  organic  life,  is 
found  in  the  walls  of  the  Iinllow  viscera ^ — viz.  the 
lower  half  of  the  crsophagus  and  the  whole  of  the 
remainder  of  the  giistro-intestinal  tube  :  in  the  trachea 
and  bronchia  and  the  alveoli  and  infimdibula  of  the 
lungs;  in  the  gall-bladder  and  ductus  communis 
cbolednchus ;  in  the  large  ducts  of  the  salivary  and 
pancreatic  glands ;  in  the  pelvis  and  calices  of  the 
kidney,  the  ureter,  bladder,  and  urethra;  in  the 
female  sexual  organs — viz.  the  ovary,  the  Fallopian 
tubes,  the  uterus  (enormously  developed  in  preg* 
nancyV  the  vagina,  the  broad  ligaments,  and  the  erectile  tissue  of  the  clitoris;  in 
the  male  sexual  oi^gans- — ^viz.  the  dartus  scroti,  the  vas  defeix^ns  and  epididymis, 
the  vesicidiv!  seminales,  the  prostate  gland,  and  the  corpora  cavernosa  and  corpus 
spongiosum  ;  in  the  ducts  of  certain  glands,  as  in  Wharton's  duct ;  in  the  capsule 
and  trabeculic  of  the  spleen;  in  the  mucous  menilmines,  fi:»rmjng  the  muscularis 
mucnsie ;  in  the  skin,  forming  the  an^ectores  j>ihirum,  and  ulso  in  the  sweat- 
glands;  in  the  arteries,  veins,  and  lymjJiaties ;  in  the  iris  and  the  ciliary  muscle. 
Plain  or  unstriped  niuscular  fibre  is  made  ujt  of  spindle-shaped  cells,  called 
cantractiit'  fibi'e'eeUSy  collected  into  bundles  and  held  together  by  a  cement-sub- 
stance, in  which  are  contained  s*ime  connective-tissue  corpuscles  (Fig.  48).  These 
bundles  are  further  aggregated  into  larger  bundles  or  flattened  bands,  and  bound 
together  by  ordiuary  connective  tissue. 

The  catifrarfiif  jihre-eelh  (Fig.  44)  ai^e  elongated,  spindle-shaj)ed,  nucleated 
cells  of  various  lengths,  averaging  from  -^^^  u>  ^|^  of  an  inch  in  length,  and  ^  ^^  q 
to  ^rtF  *>*  ^1*^  i'^^"^*  i'l  hi^eadth.  (_)n  transverse  section  they  are  more  or  less  puly- 
heilral  in  shajje,  fiom  mutual  pressure.  They  present  a  faintly  longitudinal  stri- 
ated a|ipearance,  and  ctmsist  of  an  elastic  cell-wall  containing  a  central  bundle  of 
fibrilhi?,  representing  the  contractile  substance,  aiid  an  oval  or  roddike  nucleus, 
which  includes,  within  a  memhrane,  a  fine  network  communicating  at  the  poles 
of  the  nucleus  with  the  contractile  fibres  (Klein).  The  adhesive  interstitial  sub* 
stance,  which  connects  the  fibre-cells  together,  represents  the  endomysium,  or  del- 
icate connective  tissue  which  binds  the  fibres  of  striped  muscular  tissue  into  fas- 
ciculi;  while  the  tissue  connecting  the  individual  bundles  together  represents  the 
perimysium.  The  unstriped  muscle,  as  a  rule,  is  not  under  the  control  of  the  wiJl, 
nor  is  the  contraction  rapid  uud  involving  the  whole  muscle,  as  is  the  case  with  the 
muscles  <d*  animal  life.  The  membranes  which  are  c«>nipose<l  of  tbt^  unstriped 
muscle  slowly  contract  in  a  part  of  their  extent,  generally  under  the  infiuence  of 
a  mechanical  stimulus,  as  that  of  distension  fir  of  cold ;  antl  then  the  contracted 
part  slowly  relaxes  while  another  portion  of  the  membrane  takes  up  the  contrac- 
tion. This  peculiarity  of  action  is  most  strongly  marked  in  the  intestines,  con- 
stituting their  wrmkuhir  mf^hn. 

Cliemical  Composition  of  Muscle.— In  chemical  composition  the  muscidar  fibres 
of  b<»th  forms  consist  mainly  of  a  proteid  substance — ^myosin^ — which  is  classed 
as  one  of  the  globulins.     It  is  readily  converted  by  the  action  of  dilute  acids 
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Fig.  43  —Non-striated  elementAry  flbrea 

m  the  human   coloit.    a,    Treaied   with 

•c«tjc    mcid,   show  In  tf    thv    corf>ii8tIe8.      b. 

Frmoinent  of  &  detached  fibrt%  nut  touched 

with  acid, 

is  rendered  acid  by  contraction,  from  the  development  probably  of  earcolactic 
acid.  After  death  mtL^ck'  ulso  exhibits  an  acid  reaction,  but  this  appears  to  be 
due  to  jx>8t-mortem  change. 

HERVOUS    TISSUE, 

The  nervous  tissues  of  the  body  are  comprised  in  two  great  systems — the 
cen^bro-spinahnvl  ih\;  sifmpathetic ;  and  each  of  these  systems  consist  of  a  ctntral 
organ^  or  series  of  central  organs,  and  of  nerves. 

The  cerebrO'Spinn!  system  c<jmprises  the  brain  (including  the  medulla  oblongata), 
the  spinal  cord,  the  cranial  nerves,  the  spinal  nerves,  and  the  ganglia  connected 
with  both  these  classes  of  nerves.  The  »t/mpfttlietic  system  consists  of  a  double 
chain  of  ganglia,  with  the  nerves  which  go  to  and  come  from  them.  It  is  not 
directly  connected  with  the  brain  or  spinal  cord,  though  it  is  so  indirectly  by 
means  of  its  numerous  communications  with   the  cranial  and  spinal  nerves. 

Both  these  nervous  systems  are  composed  of  an  aggregation  of  tissue-elements 
termed  neurons,  each  of  which  consists  of  a  nucleated  cell  whose  protoplasm  is 
prolonged  into  a  varying  number  of  processes,  one  of  which  is  usually  of  consid- 
erable length  and  forms  the  essential  part  of  a  nerve-fibre.  The  cell-bodies  have 
a  tendency  to  be  associated  together  in  more  or  less  definite  masses,  such  as  the 
spinal  and  sympathetic  ganglia,  the  central  portion  of  the  spinal  cord,  the  tloor 
of  the  medulla  oblongata,  the  cortex  of  the  cerebellum  and  of  the  cerebral  hemi- 
spheres, and  the  various  ganglia  distributed  through  the  difl'eient  parts  of  the 
brain.  These  masses  present  maeroscopically  a  grayish  appearance,  which  con- 
trasts strongly  with  the  pure  white  color  usually  shown  by  the  nerve-fibres,  so 
that  it  is  customary  to  speak  of  the  nervous  system  as  composed  of  two  substances, 
the  ffrtii/  matter  and  the  wkite  or  fhroits  matter.  The  nerve-fibres  of  the  sympa- 
thetic system,  however,  usually  lack  the  constituent  which  gives  the  ordinary 
fibres  their  white  appearance,  and  they  conse(|uently  have  a  grayish  color. 

The  gray  substance  is  distinguished  by  its  dark  reddish-gray  color  and  soft 
insistence.  It  is  found  in  the  brain,  spinal  cord,  and  various  ganglia,  inter- 
mingled with  the  fibrous  nervous  substance,  and  also  in  some  of  tlie  nerves  of 
special  sense,  and  in  gangliform  enlargements  which  are  found  here  and  there  in 
the  course  of  certain  cerebro-spina!  nerves.     It  is  composed,  as  its  name  implies. 
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Fio.  45.— Cell  from  the  anterior  horn  of  the 
gray  matter  of  the  gp I nal  cord.  «,  AxiJi  rylinder 
»n>te«6.  6.  Aggregation  of  plgmcnt-gmnulea. 
(From  Oherateiher.) 


of  cells,  commonly  called  nen^e'Celh  or  ganglimi't^orpuwlen^  coDtainiDg  nuclei  an*! 
nucleoli.  The  cells  together  with  the  blood-vessels  in  the  gray  uerve-substance, 
and  the  nerve-fibres  and  vessels  in  the  white  nerve-substance,  are  imbedded  in  a 
peculiar  ground- substance,  named  by  Virchow  neuroglia^  and  consisting  of  large 
branched  cells  (Fig,  46,  C),  the  branches  passing  in  every  direction  among  the 

nerve-tissue,  thus  holding  it  and  binding  it 
together.  It  is  developed  from  the  epi- 
blast,  and  contains  neither  the  character- 
istic fibres  nor  cells  of  connective  tissue, 
and  therefore  cannot  be  regarded  as  be- 
longing to  the  true  connective  tissues* 
Eacn  nerve-cell  consists  of  a  finely  gran- 
ular protoplasmic  material,  of  a  readish  or 
yellowish -brown  color,  which  occasionally 
presents  patches  of  a  deeper  tint,  caused 
by  the  aggregation  of  pigment-granulea 
(Fig.  4f5).  No  distinct  limiting  membrane 
or  cell'Wall  has  been  ascertained  to  exist. 
The  nucleus  is,  as  a  rule,  a  large,  w^ell- 
defined,  round,  vesicular  body,  often  pre- 
senting an  intranuclear  network,  and  con- 
taining a  nucleolus  which  is  peculiarly 
clear  and  brilliant.  The  nerve-cells  vary 
in  8hape  and  size  ;  some  are  small,  spher- 
ical or  ovoid,  with  generally  an  even  out- 
line, such  as  those  found  in  the  spinal 
ganglia  ;  others,  again,  arc  caudate  or  stel- 
late in  shape,  and  are  characterized  by  their  large  size  and  by  their  having  one 
or  more  tail-like  processes  issuing  from  thera,  which  occasionally  divide  and  sub- 
divide into  numerous  branches 
(Fig.  40,  A).  These  are  found 
in  greatest  number  in  the  gray 
matter  of  the  spinal  cord.  Still 
others  are  flask-shaped,  as  in 
the  cortex  of  the  cerebellum  ;  or 
conical,  as  in  the  cerebral  convo- 
lutions. For  the  most  part  nerve- 
eelis  have  one  or  more  processes, 
and  they  are  distinguished  by 
the  number  of  these  processes, 
as  unipolar,  bipolar,  or  multi- 
polar cells.  These  processes  are 
very  delicate  and  are  direct  con- 
tinuations of  the  protofdasm  of 
the  nerve-celL  The  majurity  of 
the  |*rocesse8  of  a  multipolar  cell 
are  exceedingly  fine,  and  branch 
dendritically,  spreading  out 
among  the  adjacent  nervous 
elements ;  these  processes  are 
termed  the  pntfoplagmw  proceisses 
or  dendrites.  One  of  the  pro- 
cesses, however,  does  not  thus 
branch,  hut  gives  off  from  time 
to  time  lateral  branches  termed  coUatentls^  and  eventually  form  the  axis-cylinder 
of  a  n  e  r  V  e  -  fi  b  re  ;  this  is  the  axi«-eg  Un  de  r  pro  cess. 

The  white  ur  fibrous  nerve-substance  or  nervt-jihre  is  found  universally  in  the 


Fio. 
(GQlKi'a 
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tf^.—Cells  of  nervous  lyitpm  impregtifited  with  sliver 
1  methodli,  A.  Cell  from  the  cortex  of  the  cerebral 
hemlHihert's  (afrer  van  Gchuchten).  a.  Protoplftftmlc  proccna. 
6.  Axfii'cylintlBr  prtjcefta.  <•.  CoUaleralH.  J?.  T-ahaped  ceU 
ft-om  spinal  root  ganglion  (after  van  Gobuchten)^  C  Neurotlla- 
cell  nrom  the  white  substance  of  the  cerebellum  (after  lCdl> 
Ukeri. 
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nerroas  cards,  and  also  constitutes  a  great  part  of  the  brain  and  spinal  cord. 
The  fibres  of  which  it  consists  are  of  two  kinds,  the  medullated  or  white  fibres, 
aod  the  jion-medullated  or  (f^rai/  fibres. 

The  medullated  fibres  form  the  white  part  of  the  brain  and  spinal  conl,  and 
also  the  greater  part  of  the  cerebro-spinal  nerves,  and  give  to  these  strnctiires 
their  opanue,  white  aspect.  When  perfectly  fresh  they  appear  to  be  homo- 
geneous; but  soon  after  removal  from  the  body  they  present,  when  exam* 
ined  by  transmitted  light,  a  double  outline  or  con-' 
muTy  as  if  consisting  of  two  parts.  The  central 
portion  is  named  the  aris-ci/linder  of  Purkinje  ; 
mnd  this  is  a  sort  of  sheath  of  "fatty  material, 

led  the  white  substance  of  Schiva^ui^  which  gives 
to  the  fibre  its  double  contour,  and  the  whole  is  en- 
cloeed  in  a  delicate  membrane,  the  fieurilemma,^ 
primitive  sheathy  or  nucleated  sheath  of  Schummi 
<Fig.  47).  ... 

The  nrt^-ei/imder  is  the  essential  part  of  the 
nerve-fibre,  and  is  always  present:  the  other  parts, 
the  medullary  sheath  and  the  neurilemma,  being 
occasionally  absent,  especially  at  the  origin  and 
termination  of  the  nerve-fibre.  It  undergoes  no 
interruption  from  its  origin  in  the  nerve-centre  to 
its  peripheral  termination,  and  must  be  regarded 
as  a  direct  prolongation  of  a  nerve -cell.  It  con- 
stitutes about  one-half  or  one-third  of  the  nerve- 
fibre,  the  white  substance  being  greater  in  propor- 
tion in  the  nerves  than  in  the  central  organs.  It 
is  perfectly  transparent,  and  is  therefore  indiatin- 

^isnable  in  a  perfect! v  iresh  and  natural  state  of     u*ut;  andihrteihkk.twoofuhiih 
the  nerve.     When  examined  under  a  high  power  it    ma'Jj^^eS^^^^^^      ''"**  ''""^^  ""^'^  ^^""^ 
presents  the  appearance  of  longitudinal  striation,  as 

if  composed  of  very  fine,  homogeneous  fibrillar,  held  together  in  a  faintly  granular 
interstitial  material.  Occasionally  at  its  termination  the  axis-cylinder  of  a  fibre 
may  be  seen  to  break  up  into  exceedingly  fine  fibrillie,  confirming  the  view  of  its 
fibrillar  structure.  These  fibril  he  have  been  termed  the  primifivc  fihrillfs  of 
Schultze.  The  axis-cylinder  is  said  to  be  enveloped  in  a  very  delicate,  hyaline 
sheath,  which  separates  it  from  the  white  matter  of  Schwann.  The  meduUanf 
aheath  or  white  matte f  of  Sehwann  is  regarded  as  being  a  fatty  matter  in  a  fluid 
state,  which  insulates  and  protects  the  essential  part  of  the  nerve — the  axis-cylinder. 
The  white  matter  varies  in  thickness  to  a  very  considerable  extent,  in  some  forming 
a  layer  of  extreme  thinness,  so  as  to  be  scarcely  distinguishable,  in  others  forming 
about  one-half  the  nerve-tid>e.  The  size  of  the  nerve-iibres,  which  varies  from 
rsSir  t*^  Wcir  ^*f  ^ii  inch,  depends  mainly  upon  the  amount  of  the  white  substance, 
though  the  axis-cylinder  also  varies  in  .size  within  certain  limits.  The  while  matter 
of  Schwann  does  not  always  form  a  continuous  shealh  to  the  axis-cylinder,  but 
undergoes  interruptions  in  its  continuity  at  re^dar  intervals,  giving  to  tlie  fibre 
the  appearance  of  constriction  at  these  points.  These  were  first  described  by  Ran- 
vier*  and  are  known  as  the  nodes 
of  ItamuW  (Fig.  48).  The  f^or- 
tion  of  nerve-fibre  between  two 
nodes  is  called  an  intemodal  seg- 
*ment.  The  neurilemma  or  prim- 
itive sheath  is  not  interrupted  at 
the  nodes,  but  passes  over  them 
ad  a  continuous  membrane.   Each 


Fio.  47.— Humfln  m^rve-fibres.  Mag- 
nified a*(0 1  iracfi.  Three  of  them  are  fine, 
rine  of  whleli  i#i  varico>ie^  one  of  mid- 
riling  thk'kncss,  Aiifi  with  R  ffmplc*  eon- 


Fio.  48.— A  jkkK'  of  Kanvier  of  a  ineflullttted  yerve  fibre, 
viewed  from  Above,  ma^tiified  about  750  diamLters,  The  mcdu I- 
Ittrv  sheath  i&  disi'fjnlinuous  at  the  node,  wbt^rtas  the  nxis-t^vl- 
indor  (ntsse*  from  om*  segtaent  into  the  other.  At  the  node  the 
shtnth  uf  !n*liwaim  appeftiB  thickent^d.  (Kleiu  and  Noble 
Siuith.) 


*  In  older  histological  works  the  term  **  neuriletuma  *'  bi  U4ied  to  designate  the  fibrous  etiTelope  of 
I  whole  nerve,  now  called  "  perineuriunh" 
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internodal  segment  contains  an  oval  nucleus  imbeiltleil  in  the  mediiliary  sheath, 
and  occasionally  more  than  one  nucleus  mny  be  seen  in  the  same  internode. 
Mednllated  nerve-fibres  frequently  present  a  beaded  or  varicose  appenrauce :  this 
is  due  to  manipulation  and  prci^sure  causing  the  oily  matter  to  collect  into  drops, 
and  in  consequence  of  the  extreme  delicacy  of  the  primitive  sheath  even  slight 
pressure  will  cause  the  transudation  of  the  fatty  matter,  which  collects  as  drops 
of  oil  outside  the  membrane.  This  is,  of  course,  promoted  by  the  action  of  ether 
(Fig.  49). 

The  Jteurilemma  or  primitive  sheath  (sometimes  called  the  tubuhtr  membrane  or 
Bhetith  of  SehwfJfin)  presents  the  appearance  <*f  a  delicate,  struct ureless  membrane. 
Here  and  there  beneath   it,  and  situated  in  vie]  ir  ess  ions  in  the  white  matter  *if 

Schwann,  are  nuclei  surrounded 
by  a  small  amount  of  protoplasm. 
The  nuclei  are  oval  and  somewhat 
flattened,  and  besir  a  definite  rela- 
tion to  the  iHHies  nf  Ranvicr;  one 
nucleus  generally  lying  in  the 
centre  of  each  node,  though  in 
some  few  instances  two  nuclei 
may  be  found  in  the  same  node. 
The  sheath  of  Schwann,  it  is  to  be 
noted,  does  not  occur  in  the  med- 
iillateil  fibres  contained  within 
the  spin  til  cord  und  brain. 

Non-medullated  Fibres. — Most 
of  the  nerves  of  the  symjjathetic 
system,  and  some  of  the  cerebro- 
spinal (see  especially  the  descrip- 
tion of  the  olfactory  nerve),  con- 
sist of  another  variety  of  nervous 
fibres,  which  are  called  the  i^rm/ 
or  (fehttinous  nerve-fibres — Jibfr;^ 
of  iiemak  (Fig.  50).  These  con- 
sist of  a  bundle  of  finely  striated 
fibrilbe  en  rinsed  in  a  sheath. 
Nuclei  may  be  detected  at  inter- 
vals in  each  fibre,  situated  between  the  axis-cylinder  and  the  neurilemma.  In 
external  appearance  the  gelatinous  nerves  are  semi-transparent  and  gray  or  yel- 
lowish-gray. The  individual  fibres  vary  in  size,  generally  averaging  about  half 
the  size  of  the  medulhitej  fibres;  button  the  one  hand,  the  primitive  fibrillar 
formed  by  the  breaking  up  of  the  cerebro-spinal  fibres,  as  above  mentioned^  are 
of  hanlly  ap[u-eciablc  thick ncs.s  ;  while,  on  the  other  hand,  some  of  the  gelatinous 
fibres  (especially  those  on  the  olfactory  bulb)  arc  said  to  be  three  or  four  times 
as  thick  as  those  of  the  cerebro-spinal  nerves. 

Chemical  Composition.^Tbe  difterence  in  the  chemical  composition  of  the  white 
and  gray  matter  is  indicated  by  the  following  analyses  by  Petrowsky  of  the  brain 
of  the  ox  : 

Gray,  White, 

Water .    .  H1.60fp         68.30 J^ 

Solids  (jjereeatjige  campo*iitiun) : 

Proteids 5.5.37  24.72 

Lecithin  . 17.24  9.90 

Cholegterin  and  fat 18.68  51.91 

Cerebrin  . 0.53  9.55 

Other  organic  com pomids 6.71  3.34 

Saks   .    :   .   .    , 1.45  0..57 


FlQ,  4?.— MagnUled  3(X»  diam- 
eters, o.  Nerve-flbri?  of  the  com- 
mon eel  In  water.  The  delieiite 
Une  on  its  exterf  ur  iiKiicates  the 
ntniHleinma,  Thttltirk  duubU'- 
edged  inner  ont?  in  the  white 
matter  of  ^Schwann,  sllglit- 
ly  wrinkled.  £*.  The  same 
In  ether.  Several  oil-^lobiiK'ii 
have  efsalesced  in  the  interior, 
and  others  have  aeetimiilated 
around  the  exterior  of  ihc-  tulie. 
The  white  matter  lias  in  jiart 
diaappeared- 


Puh  'lO.— .\  ^umll  ner- 
\'ous  bmnch  frrnn  the  syui- 
imtlieth-  of  u  marnmiil.  cr. 
Two  d (irk  bordered  nerve- 
lube.^  among  a  number  of 
Remak'8  fibres,  b. 


The  proteida  in  the  above  analysis  practically  represent  the  protoplasm,  which 
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naturally  is  inuch  greater  in  the  gray  than  in  the  white  matter.  On  the  other 
hand,  the  choleatenn,  fat,  and  cerehrin  (the  latter  ill-defined  nitrogenous  compounds 
belonging  to  the  group  of  glucosides)  are  probably  important  cunstituentj?  of  the 
medullary  sheath.  Another  substanee  also  occtirring  in  the  medullary  sheath, 
though  not  determined  geparately  in  the  above  analysis*  is  iunirokeratin^  whieb 
forms  a  fibrous  network  throughout  the  sheath,  and  resembles  keratin  in  its 
marked  resistance  to  reagents-  It  probably  makes  up  the  greater  ])art  of  the 
unidentified  organic  matter  of  the  white  substance  in  the  above  analysis,  while  in 
llie  gray  substance  the  unidentified  matter  is  probably  large'y  composed  of 
prota^an^  a  phosphorized  compound  closely  resembling  lecithin,  hut  differing  from 
it  bv  its  insolubility  in  ether, 

'rbe  nervous  structures  are  divided,  as  before  mentioned,  into  two  great  sys- 
tems — viz,  the  eerebro-Bpinal^  comjirising  the  brain  and  spinal  cord,  the  nerves 
connected  with  these  structures,  and  the  ganglia  situated  on  them ;  and  the  sym- 
pathetic,  consisting  of  a  double  chain  nf  ganglia  and  the  nerves  connected  with 
thenL.      All  these  structures  rerjuire  sepmrate  consideration. 

The  brain  or  encephalon  is  that  part  of  the  cerebro-spinal  system  which  is 
contained  in  the  cavity  of  the  skull.  It  is  divided  into  several  parts,  for  a 
description  of  which  reference  must  be  made  to  the  account  of  the  structure  of 
the  brain  in  a  subsequent  portion  of  this  work.  In  these  parts  the  gray  matter 
is  found  partly  on  the  surface  of  the  brain,  forming  the  cortex  of  the  cerebrum 
and  of  the  cerebellum.  Again,  gray  matter  is  found  in  the  interior  of  the 
brain,  collected  into  large  and  distinct  masses  or  ganglionic  bodies,  such  aa  the 
c-orpus  striatum,  optic  thalamus,  corpora  quadrigemina,  the  olivary  bodies,  and 
the  corpora  dentata  of  the  cerebellum,  Fioally,  gray  matter  is  found  intermin- 
glefl  intimately  with  the  white,  but  without  definite  arrangement,  as  in  the 
gray   matter  in    the  pons  Varolii   and  the   floor  of  the  fourth   ventricle. 

The  white  matter  of  the  brain  is  divisible  into  three  distinct  classes  of  fibres. 
These  are,  in  the  first  place,  proj taction  fibres,  such  as  the  fibres  which  connect 
the  brain  with  the  spinal  cord:  that  is  to  say,  those  which  are  usually  traced 
upward  from  tlie  columns  of  the  spinal  cord,  through  the  metlulla  oblongata  into 
the  encephalou,  chiefly  by  means  of  the  anterior  pyramitls,  passing  tlirough  the 

iS  Varolii  and  crura  cerebri  to  the  internal  capsules  of  the  corpora  striata, 
thence  to  the  cerebral  cortex,  and  by  means  of  the  restiforra  bodies  into  the 
cerebellum.  The  second  class  of  white  fibres  in  the  brain  are  commissural,  con- 
necting opposite  sides  of  the  brain,  as,  for  instance*  the  fibres  of  the  corpms  eallo- 
sum  and  the  anterior  commissure  of  the  thalameneeidialon.  And  the  third  class 
are  the  association  fibres  which  connect  difterent  regions  of  tlie  same  side  of  any 
of  the  portions  of  the  brain.  The  fibres  of  this  last  class  are  more  especially 
developed  in  the  cerebral  hemispheres,  where  they  connect  different  areas  of  the 
cortex,  as,  for  example,  the  corticiil  centre  for  sight  in  the  occipital  lobe  with  the 
motor  centre  for  speech  in  the  frontal  lobe. 

The  manner  in  which  the  gray  and  white  matter  are  intermingled  in  the  brain 
and  spinal   cord  is  very  intricate,  and   can   only  be  fully  understood  by  a  careful 

idy  of  the  details  of  its  descriptive  anatomy  in  the  se(|JieL  The  further  consid- 
ifeltion  of  this  subject  will  therefore  be  deferred  until  after  the  description  of  the 
various  divisions  of  w^hich  the  cerebn>spinal  system  is  made  up. 

The  nerves  are  round  or  flattened  conls,  fiirmed  of  the  nerve-fibres  already 
described.  They  are  connected  at  one  end  with  the  cerebro-spinal  centre  or  witn 
the  ganglia,  and  are  distributed  at  the  other  end  to  the  various  textures  of  the 
body  ;  they  are  subdivided  into  two  great  classes — 'the  cerebrospinal,  which  jjhv 
oeed  from  the  cerebro-spinal  axis,  and  the  Sf/tnpathette  or  iian<^lionif^  nerves,  which 
proceed  from  the  ganglia  of  the  sympathetic.  The  cerebro-spinal  nerves  c<msi8t 
of  numerous  nerve-fibres  collected  together  and  enclosed  in  a  membranous  sheath 
(Fig.  51).  A  small  bundle  of  primitive  fibres,  enclosed  in  a  tubular  sheath,  is 
called  a  funicuhifi ;  if  the  nerve  is  of  small  size,  it  may  consist  only  of  a  single 
funiculus;  but  if  large,  the  funiculi  are  collected  together  into  larger  bundles  or 
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Flu.  51,— Trnns verse  section  thro uifh  »  mkroscoplc 
nerre,  rt'prest^nUiip  a  compoond  nervebiimtle.  fiur- 
rounded  ny  epineuiium,  Miij^nlfied  12(>  diameters. 
The  mmidulmttMl  flbres  are  seen  as  circles  with  a  cen- 
tral dot— viz.  medullary  ehi'rtth  lind  axia-cylinder— In 
transverse  gection.  They  are  imljedded  In  endoneur- 
iutu.  cflnlttininj;  rmmeroua  micU'K  which  btfkm^t^j  the 
connective-tissue  cells  of  line  latter.  (Klein  and  Noble 
Jsmllh)  p.  Kpineurium.consifttifiKof lauiiu!eoff\l>r(ius 
connective  tissues.  alterimtJng  with  flattened  nueleuted 
connective-tissue  cellfl.  /.  Lympli-apuce  between  epi- 
neiiriutn  and  surface  of  nj^rve-uundle. 


fasciculi,  which  are   bound  together  id  a  common  membranous  investment,  and 
constitute  the  nerve. 

In  structure  the  common  mem- 
branons  investment,  or  sheath  of  the 
whole  nerve,  which  is  colled  the  epi- 
iieuriiim^  as  well  as  the  septa  given  off 
from  it,  and  which  separate  the  fas- 
ciculi, consists  of  connective  tissue, 
composed  of  white  and  y^Ho^'  elastic 
fibres,  the  latter  existing  in  great 
abundance-  The  tubular  sbeath  of 
tbe  funiculi,  called  the  perineurium, 
consists  of  a  fine,  smooth,  transparent 
membrane,  which  may  be  easily  sepa- 
rated, in  the  form  of  a  tube,  from  the 
fibres  it  encloses ;  in  structure  it  con- 
sists of  connective  tissue,  which  has  a 
distinctly  lamellar  arrangement,  con- 
sisting of  several  lamelhe,  separated 
from  each  other  by  spaces  containing 
lymph.  The  nerve-fibres  are  held 
together  and  supported  within  the 
funiculus  by  delicate  connective  tissue, 
called  the  ejtdoneurwm.  It  is  con- 
tinuous with  septa  which  pass  inward 
from  the  innermost  layer  of  tbe  peri- 
neurium, and  consists  of  a  ground-sub- 
stance in  which  are  imbedded  fine  bun- 
dles of  fibrous  connective  tissue  which 
run  for  the  most  part  longitudinally.  It  serves  to  support  the  capillary  vessels, 
whicb  are  arranged  so  as  to  form  a  network  with  the  elongated  meshes.  The 
cerebro-spinal  nerves  cunsist  almost  exclusively  of  the  medullated  nerve-fibres, 
the  lion -medullated  existing  in  very  small  proportions. 

The  blood-vessels  supplying  a  nerve  terminate  in  a  minute  capillary  plexus, 
the  vessels  composing  which  pierce  the  perineurium  and  run,  for  the  most  part, 
parallel  with  the  fibres;  they  are  connected  together  by  short,  transverse  vessels, 
forming  narrow,  obloug  meshes,  similar  to  the  cajtillary  system  of  muscle.  Fine 
non-meduilated  nerve-fibres  accompany  these  capillary  vessels,  va»o-motnr  fibres, 
and  break  up  into  elementary  fibrils,  which  form  a  network  around  the  vessel. 
Horsley  has  also  recently  demonstrated  certain  medullated  fibres  as  running  in 
the  epineurium  and  terminating  in  tactile  corpuscles  or  end-bulbs  of  Krause,  or 
in  small,  but  perfect.  Pacinian  corpuscles.  Tliese  nerve-fibres  are  termed  nervi 
}tf^rr<ff*um^  and  have  been  considered  to  have  an  important  be^tring  upon  certain 
neuralgic  pains. 

The  nerve-fibres,  as  far  as  is  at  present  known,  do  not  coalesce,  but  pursue  an 
uninterrupted  course  from  the  centre  to  the  periphery.  In  separating  a  nerve, 
however,  into  its  component  funiculi,  it  may  be  seen  that  they  do  not  pursue  a 
perfectly  insulated  course,  but  occasionally  join  at  a  very  acute  angle  with  other 
funiculi  proceeding  in  the  same  direction;  from  this,  branches  are  given  off,  to 
join  again  in  like  manner  with  other  funiculi.  It  must  be  remembered,  however, 
that  in  these  communications  the  nerve-fibres  do  not  coalesce,  but  merely  pass 
into  the  sheath  of  tbe  adjacent  nerve,  become  intermixed  with  its  nerve-fibres^ 
and  again  pass  on,  to  become  blended  with  the  nerve-fibres  in  some  adjoining 
funiculus. 

Nerves,  in  their  course,  subdivide  into  branches,  and  these  frequently  commu- 
nicate with  branches  of  a  neighboring  nerve.  In  tlie  subdivision  of  a  nerve  the 
filaments  of  which  it  is  composed  are  continued  from  the  trunk  into  the  branches, 
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tnd  at  their  junction  with  the  branches  of  neighboring  ner^^es  the  Blaments  pass 
to  become  internaixed  with  those  of  the  other  nerves  in  their  further  progress;  in 
no  instance,  however,  have  the  separate  nerve-fibres  been  shown  to  inosculute. 

The  communications  which  take  place  between  two  or  more  nerves  form  what 
is  called  ^  pltxun*  Sometimes  a  plexus  is  formed  by  the  primary  branches  of  the 
trunks  of  the  nerves — as  the  eervicaK  brachiaU  him  bar,  anrl  sacral  plexuses — and 
«>ccasionally  bv  the  terminal  funiculi,  as  in  the  plexuses  fonncd  at  the  periphery 
of  the  body.     In  the  formation  of  a  plexus  the  component  nerves  divide,  then 

C*  and  again  subdivide  in  such  a  complex  manner  that  the  individual  funiculi 
me  interlaced  most  intricately ;  so  that  each  branch  leaving  a  plexus  may 
contain  filaments  from  each  of  the  primary  nervous  trunks  which  form  it.  In  the 
formation  also  of  smaller  plexuses  at  the  periphery  of  the  body  there  is  a  free 
interchange  of  the  funiculi  and  primitive  fibres.  In  each  case,  however,  the 
individual  filamenta  remain  separate  and  distinct,  and  do  not  inosculate  with  one 
another. 

It  is  probable  that  through  this  interchange  of  fibres  the  different  branches 
passing  off  from  a  plexus  have  a  more  extensive  connection  with  the  spinal  cord 
than  it  they  each  had  proceeded  to  be  distributed  without  such  connection  with 
other  nerves.  Consequently  the  parts  supplied  by  these  nerves  have  more  extended 
relations  with  the  nervous  centres;  by  this  means,  also,  groups  of  muscles  may  be 
aaeoctated  for  combined  action. 

The  sympathetic  nerves  are  constructed  in  the  same  manner  as  tbe  cerebro- 
spinal nerves,  but  consist  mainly  of  non-medullated  fibres,  collected  into  funiculi, 
and  enclosed  in  a  sheath  of  connective  tissue.  There  is,  however,  in  these  nerves 
a  certain  admixture  of  medulhited  fibres,  and  the  amount  varies  in  different 
nerves-  Those  branches  of  the  sympathetic  which  present  a  well-marked  gray 
color  are  composed  more  especially  of  non-medullated  nerve-fibres,  intermixed 
with  a  few  medulhited  fibres;  whilst  those  of  a  white  color  contain  more  of  the 
latter  fibres  and  a  few  of  the  former.  Occasionally,  tlie  gray  and  white  cords 
run  together  in  a  single  nerve,  without  any  intermixture^  as  in  the  branches  of 
communication  between  tbe  sympathetic  ganglia  and  the  spinal  nerves,  or  in  the 
communicating  cords  between  the  ganglia.  These  medullated  fibres  are  derived 
from  the  central  nervous  system  through  the  rami  cfmimunieante^^  which  pass  from 
the  cerebro-spinal  nerves  to  the  various  sympathetic  ganglia. 

The  nerve-fibres,  both  of  the  cerebro-spinal  and  sympathetic  system,  convey 
impressions  of  a  twofold  kind.  The  sensory  nerves,  called  also  centripetal  or 
afferent  nerves,  transmit  to  the  nervous  centres  impressions  made  ujton  the 
peripheral  extremities  of  the  nerves^  and  in  this  way  the  mind,  through  the 
medium  of,  the  brain,  becomes  conscious  of  external  objects.  The  motor  nerves, 
called  also  centrifuya!  or  efferent  nerves,  transmit  impressions  from  the  nervous 
centres  to  the  parts  to  which  the  nerves  are  distributed,  these  impressions  either 
exciting  muscular  contraction,  or  influencing  the  processes  of  nutrition,  growth, 
and  secretion, 

Ori^  and  Termination  of  Nervee, — By  the  expression  *'  the  termination  of 
nerve-fibres''  is  signified  their  connection  with  the  nerve-centres,  and  with  the 
parts  they  supply.  The  fi>rmer  are  sometimes  called  their  t^riffin,  or  eentral 
terminatitm;  the  latter  their  peripheral  termination.     The  origin  in  some  cases  is 

le — that  is  to  say,  the  whole  nerve  emerges  from  the  nervous  centre  by  a  single 
in  other  instances  the  nerve  arises  by  two  or  more  roots,  which  come  off 
from  different  parts  of  tbe  nerve-centre,  sometimes  widely  apart  from  each  other, 
and  it  often  happens,  wht-n  a  nerve  arises  in  this  way  by  two  roots,  that  the 
functions  of  these  two  roots  are  different;  as,  for  example,  in  the  s|>inal  nerves, 
each  of  which  arises  by  two  roots,  the  anterior  of  which  is  motor  and  the  posterior 
sensory.  The  point  where  the  nerve  root  or  roots  emerge  from  the  nervous  centre 
is  named  the  superficial  or  apparent  origin,  })ut  tbe  fibres  of  which  the  nerve 
oooststs  can  be  traced  for  a  certain  ilistanee  into  the  nervous  centre  to  some  por- 
tion of  the  gray  substance,  which  constitutes  the  deep  or  real  origin  of  the  nerve. 
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In  tlie  case  of  motor  or  efferent  nerve- fibres  the  deep  origin  is  in  cells  contained 
within  the  spiniil  conl  or  brain,  the  axis-cylitider  jtrocesses  of  these  celb  being 
prolonged  to  form  the  fibres.  In  the  case  of  the  sensory  nerves  the  origin  is 
soinevvhnt  fliiferent,  inasmuch  as  they  arise  from  the  cells  of  ganglia  sitnated 
exturn:tlly  to  the  central  nervous  system.  The  sensory  fibres  of  a  sjiinat  nerve 
arise,  for  instance,  from  the  cells  of  the  ganglion  of  the  posterior  root ;  these 
cells  give  off  a  process  which  branches  in  a  T-shapi'il  niaiiticr  (Fig.  -16,  B),  one 
of  the  limbs  of  the  T  extending  periiihcrally,  while  the  other  passes  inwards 
and  penetrates  the  spinal  cord.  In  connection  with  the  sensory  cranial  nerves, 
origins  are  described  imbedded  within  the  substance  of  the  brain  ;  these  are  not, 
however,  the  propor  origins,  \mi  are  grou])S  of  cells  around  wliich  the  fibres, 
growing  inwards  form  the  ganglion-cells,  situated  just  outside  the  brain,  end, 
and  from  which  new  fibres  arise,  which  pass  upwards  in  the  substance  of  the 
brain. 

Peripheral  Terminations  of  Nervea. — The  manner  in  which  nerve-fibres  ter- 
minate perijdierally  are  several,  and  may  be  conveniently  studied  in  the  sensory 
and  motor  nerves  respectively.  Sensory  nerves  would  ap]>ear  to  terminate  either 
in  minute  primitive  fibrilhe  or  networks  of  these ;  or  else  in  special  terminal  organs, 
which  have  been  termed  prriphnd  end-organHs  and  of  which  there  are  tliree 
principal  varieties — viz.  the  end-bulbs  of  Krause,  the  tactile  corpuscles  of  Wagner, 
and  the  I*acinian  corpuscles. 

Termination  in  Fibrillae.^ — When  a  medullated  nerve-fibre  approaches  its  termi- 
nation, the  white  matter  of  t>ehwann  suddenly  disappears,  leaving  only  the  axis- 
cylinder  surrounded  by  the  neurilemma,  and  we  have  now  a  non-nicdulhited 
fibre.  This  undergoes  repeate<l  division,  ami  ath-r  a  lime  loses  its  neuri lemma, 
and  consists  only  of  an  axis-cylinder,  which  can  be  seen,  in  preparations  staintni 
with  chloritle  of  gobl,  to  be  made  up  of  fine  varicose  fibrils.  Finally,  the  axis- 
cylinder  breaks  up  into  its  constituent  primitive  nerve-fibrilhe,  which  anastomose 
witli  one  another,  thus  forming  a  network,  and  *>ften  ])resent  regular  varicosities. 
This  network  passes  between  the  elements  of  the  tissue  to  which  the  nerves  are 
distributcil,  which  is  always  ej)itbelial,  and  the  nerve-fibrils  end  in  the  interstitial 
lubstance  between  the  epithelial  cells,  or,  as  is  believed  by  some,  actually  ter- 
linate  wlihui  the  cells  as  minnte  swellings  clo.se  to  the  nucleus.  In  this  way 
nerve- fibres  have  been  found  to  terminate  in  the  epithelium  of  the  skin  and 
mucous  merahranes,  and  in  the  anterior  epithelium  of  tlie  cornea. 

The  end-bulbs  of  Krause  (Fig.  52)  are  minute  oblong  or  cylindrical  corpuscles, 
into  the  interior  of  which  the  axis-cylinder  of  the  nerve-fibre  passes,  and  termi- 
nates in  a  coiled,  plexiform  mass  or  in  a  bulbous  extremity.  The  corpuscle  con- 
sists of  a  simple  nucleated  capsule,  containing  a  soft,  homogeneous  conj,  in  which 
the  termination  of  the  axis-cylinder  is  contained.  The  white  matter  of  Schwann 
ceases  abruptly  as  the  axis-cylinder  enters  the  corpuscle,  but  the  neurilemma  is 
continued  inward  with  the  axis-cylinder,  and  forms  an  investment  of  the  core, 
lining  the  interior  of  the  cajisule.  The  end-bulbs  have  Itcen  described  as  oecnrring 
in  the  conjunetiva  (where,  in  man,  they  are  sjdieroidal  in  shape),  in  the  mucous 
membrane  of  the  mouth,  and  in  the  cutis  and  mucous  membrane  of  the  penis, 
clitoris,  and  vagina,  where  they  are  termed  genlUd  corpuwfes.  The  latter  have  a 
mulberry-like  appearance,  from  being  constricted  by  connective-tissue  septa  into 
from  two  to  six  knob-like  masses.  In  the  synovial  membrane  of  certain  joints 
{c.  //.  thr>sc  of  the  fingers)  rounded  or  oval  end-bulbs  have  been  found ;  these  are 
designated  firfifular  efui-huilts. 

The  tactile  corpuscles  (Fig  53),  described  by  Wagner  and  Meissner,  are  oval- 
shaped  bodies,  made  up  of  cpnnective  tissue,  and  consisting  of  a  capsule,  and 
im [perfect  membranous  septa,  derived  from  it,  which  penetrate  its  interior.  The 
axis-cylinders,  entering  the  capsule,  pursue  a  convoluted  course,  supported  by  the 
septa,  and  terminate  in  small  globular  or  pyriform  enlargements,  near  the  inner 
surface  of  the  capsule.  These  tactile  corpuscles  have  been  described  as  occurring 
in  the  papillae  of  the  coriuro  of  the  hand  and  foot,  the  front  of  the  fore-arm,  the 
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_^^^  of  the  lips,  and  the  mucous  raembraoe  of  the  tip  of  the  tongue,  the  palpebral 
«DJiuictiva.  and  the  skin  of  the  nipple.     They  are  not  found  in  all  the  paptilse; 
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Tu^  SI— End'bulb  of  Krause.  a.  Mcflul- 
li(S«d  n^rve-flbre.  ft.  Oip^uk'  of  corpuscle. 
(From  Klein's  EtefMnU  qf  HiMitlogy.) 


Fia  53.— TuriU*  jMi,uM,i-i  iIk' hand  treatt'd  with  noetic 
fti^id.  Magniljed  :if>0  times,  a.  Sidti  view  of  a  ]«AiiiHii  orthi* 
hand.  rtCortieaHayer.  6.  Tttctlli»rr>rpusck\wuli  trunt-verse 
niidei.  c  Sirjull  nen-^e  of  tht*  papiUa,  with  neurili^mina.  d. 
fts  two  ner%'onR  fibres  running  with  Kpfral  eoiU  ftround  the 
t»t:t{le  corimsi'U'.  ^r.  Apjuirent  teniiiDiiti<»ii  ruf  one  nf  these 
fibrea.  B.  A  tactile  puialla  ist'cn  fTrom  iitlH>v*?»  so  as  to  ghow 
itatrnn*veme  fiettion.  o  Cortical  layer,  &.  Nerve-fibre,  c. 
Outer  layer  of  the  tactile  body,  with  nuclei,  d.  CleAr 
interior  substance. 


VTot  from  their  existence  in  those  parts  in  which  tlie  skin  is  highly  sensitive,  it  is 
H  probable  that  they  are  specially  concerned  in  the  ^ense  of  touch,  though  tbeir 
I  absence  from  the  papillae  of  other  tactile  parts  shows  that  they  are  not  essential  to 
■  lliis  sense. 

The  Pacinian  corpuscles  ^  (Fig.  54)  are  found  in  the  human  subject  chiefly  on 
the  nerves  of  the  palm  of  the  hand  and  sole  of  the  foot  and  in  the  genital  organs 
of  both  sexes,  lying  in  the  j^uhcutaneous  tissue ;  but  they  have  also  been  described 
aa  connected  with  the  nerves  of  the  joints,  and  in  some  other  situations,  as  the 

I  mesentery  of  the  cat  and  along  the  tibia  of  the  rabbit.  Each  of  these  corpuscles 
is  attached  to  and  ench»ses  the  termination  of  a  single  nerve-fihre.  The  corpuscle, 
which  is  perfectly  visible  to  the  naked  eye  (and  which  can  be  most  easily  demon- 
strated in  the  mesentery  of  a  eat),  consists  of  a  number  of  lamella?  or  capsules, 
arranged  more  or  less  concentrically  around  a  central  clear  space,  in  which  the 
nerve-fibre  is  contained.     Each  lamella  is  composed  of  bundles  of  fine  connective- 

I  tissue  fibres,  and  is  lined  on  its  inner  surface  by  a  single  layer  of  nucleated  cndo* 
tbelial  cells.  The  central  clear  space,  which  is  elongated  or  cylindrical  in  shape, 
is  filled  with  a  transparent  material,  in  the  midille  of  which  is  the  single  medidlated 
fibre*  which  traverses  the  space  to  near  its  distal  extremity*  Here  it  terminates 
in  a  rounded  knob  or  end,  sometimes  bifurcating  previously,  in  which  case  each 

I  branch  ha^  a  similar  arrangeracnt.  Todd  and  Bowman  have  described  minute 
arteries  as  entering  by  the  sides  of  the  nerves  and  forming  ca])illary  loo[)8  in  the 
intercapsular  spaces,  and  even  penetrating  into  the  central  space.  Other  authors 
describe  the  artery  as  entering  the  corpuscle  at  the  pole  opposite  to  the  nerve- 
fibre. 

Herbst  has  described  a  somewhat  similar  *' nerve-ending  "  to  the  Pacinian  cor- 
puscle, as  being  found  in  the  mucous  membrane  of  the  tongue  of  the  duck  and 
B  in  some  other  situations.     It  dilTers,  however,  from  the  Pacinian  corpuscles,  in 
"  being  smaller,  its  capsules  thinner  and  more  closely  approximated,  and  esf>ecially 
in  the  fact  that  the  axis-cylinder  in  the  central  clear  space  is  coated  with  a  con- 
tinuous row  of  nuclei.     These  bodies  are  known  as  the  eorpuseles  of  IlerHL 
,1  Tactile  corpuscles  have  been  described  liy  Giandry  as  occurring  in  the  papillae 

H<»f  the  beak  and  tongue  of  birds,  and  by  Merkel  as  occurring  in  the  papillae  and 
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epitlielium  of  the  j^kin  of  man  an  J  animals^  especially  in  those  parts  of  the  skin 
devoid  of  hair.     They  consist  of  a  ca]>sule  composed  of  a  very  delicate,  nncleated 

membrane,  and  c^ontain  two  or  more  granular, 
somewljat  flattened  cells,  between  which  the  med- 
ulla ted  nerve- fib  re,  whieh  enter8  the  capsule  hx 
piercing  its  invesiiDg  membrane,  is  supposed  t(j 
terminate. 

The  nerves  supplying  tendons  have  peculiar 
nerve-endings,  and  are  especially  numerous  near 
the  point  where  the  tendon  becomes  muscular 
In  this  situation  spindle-shaped  bodies  are  found, 
and  are  known  as  the  organs  of  GoIgL  They  are 
apparently  composed  of  several  tendinous  bundles 
fused  into  one,  into  which  one  or  more  nerve-fibres 
pass,  and,  dividing,  spread  out  between  the  tendon- 
bundles.  Nerve-fibres  oecasionally  terminate  in 
tendons  as  end-bulbs  or  as  small  Pacinian  cor- 
puscles. 

In  the  organs  of  special  sense  the  nerves  seem 
to  terminate  in  cells,  which  are  modified  epithe- 
lial cells,  and  have  received  the  name  of  setiaonf 
or  nerve-epitheihim  cells.  In  reality^  however,  the 
nerve-fibre  is  in  these  cases  a  proces.s  of  the  epi- 
thelial celU  and  if  follow*ed  centrally  will  be  found 
to  end  by  branching  around  a  ganglion-celL  From 
this  an  axis-cylinder  continues  the  path  along 
which  the  stimulus  travels  toward  the  brain. 
These  nerve-epithelium  cells  are  to  be  regarded  us 
Rysii?m  i.f  tniHiir^  mi,i  kntmJ  r«vity.  Specially  moumed  neurons. 

wh^'}5^!,Jj;,lti«7n'i;i^e^of^^^^^  Motir  nerrea  are  to  be  traced  either  into  un- 

uapnuiur  smici^s,  |ind  one  wjietmtet  to  striped    or    striped    muscular  fibres.      In    the  im- 

the  t'tiitrjil  Lftjisiilt?.    b.  The  fibroue  tissue  .       j  *         ,       ^  it  i 

of  tht^Bijaiit  proionpdfrora  thcporineu  stiiped  or  IB  Voluntary  m  US  cles  tbe  nerves  are  de- 
central  nvrwiiie,  tht^re  losing  ite  whittj  nved  trom  the  svmputltctic,  and  are  composed 
C^^XI'iTu&^'r^  fl^bV":^  niainly  of  the  non-me<lu!late<I  fibres.  Near  their 
tubtrtutaroniarKeracnt.  termination  they  divide  into  a  number  of  branches, 

which  communicate  and  form  an  intimate  plexus* 
At  the  junction  of  the  branches  groups  of  ganglion-cells  are  situated.  From 
these  plexuses  minute  branches  are  given  off,  which  divide  and  break  up  into  the 
ultimate  fihrilh^  of  which  the  nerve  is  composed.  These  fibrillHe  course  between 
the  involuntary  muscle^cells,  and,  according  to  Elischer,  terminate  on  the  surface 
of  the  cell,  opposite  the  nucleus,  in  a  minute  swelling.  Arnold  and  Franken- 
hiiuser  believe^!  that  these  ultimate  fibrilhe  penetrated  themusetdar  cell  and  ended 
in  the  nucleus-     More  recent  observation  has,  however,  tended  to  disprove  this. 

In  the  striped  or  voluntary  muscle,  the  nerves  supplying  the  muscular  fibres 
are  derived  from  the  cerebro-spinal  nerves,  and  are  composed  maiidy  rd' medulkted 
fibres.  Thtr  nerve,  after  entering  the  sheath  of  the  ruusele.  breaks  u]j  into  fibres, 
or  bundles  of  fibres,  which  frjrm  plexuses,  and  giadiially  divitU?  uniib  as  a  rule, 
a  single  ncrve-fihre  enters  a  single  muscular  fibre.  Sometimes,  however,  if 
the  muscular  fibre  is  long,  more  than  one  nerve-fibre  enters  it.  Within  the 
muscular  fibre  the  nerve  terminates  in  a  special  expansion,  called  by  KUhne.  who 
fir^t  accurately  described  them,  motoriaf  ettd-pJates  (Fig.  55).^  The  nerve-fibre, 
on  approaching  the  muscular  fibre,  suddenly  loses  its  white  matter  of  Schwann, 
which  abruptly  terminates  ;  the  neurilemma  becomes  continuous  witli  the  sarco- 
lemma  of  the  muscle,  and  only  the  axis-cylinder  enters  the  muscular  fibre,  where 
it  immediately  spreads  out,  ramifying  like  the  roota  of  a  tree,  imraediately  beneath 

*  Thev  had,  however,  npeviotisly  bevn  nolk-ed,  ihongh  not  accurately  deecrilied,  by  Doyere,  who 
nameil  them  '*  uLTve-biilocks." 
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the  sarcolemma,  and  is  imbedded  in  a  layer  of  granular  matter,  containing  a 
namber  of  clear,  oblong  nuclei,  the  whole  constituting  an  end-plate  from  which 
the  contractile  wave  of  the  muscular  fibre  is  said  to  start. 
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_. .    ., :-.  ...  tonnlnatlonBof  nervet.  a.  Seen  in  pmnie.    i-.p.  The  nerve 

-raimlar  mass  with  nuclei,    b.  The  snme  as  seen  in  I»xtlt- 
^  protiably  stiU  excitable.    (The  forma  of  the  varioutly- 
i">viii  .1  ill  II  h^MMi.  Hi  by  flufSctently  delicAte  and  pale  couUiurs  to  reproduce 
)    r  The  §anu*  &»  seen  two  hount  after  death  ft*om  poieonitig  by  curare. 


The  0aJiglia  may  be  regarded  as  separate  and  independent  nervous  centres,  of 
smaller  size  and  less  complex  structure  than  the  bniin,  connected  with  each  otter, 
iritli  the  cerebri»-8pinal  axis,  and  witli  the  nerves  in  various  situations.  They  are 
found  on  the  posterior  root  of  each  of  I  he  spinal  nerves;  on  the  posterior  or  sen- 
sory root  of  the  fifth  cranial  nerve;  on  the  facial  and  auditory  nerves;  and 
on  the  glosso-pharyngeal  and  pneumoirastric  nerves.  They  are  also  found  in 
a  connected  series  along  each  side  of 
the  vertebral  column,  forming  the  trunk 
of  the  sympathetic:  and  on  the  branches 
of  that  nerve,  generally  in  the  plexuses 
or  at  the  point  of  junction  of  two  or 
more  nerves  with  each  other  or  with 
branches  of  the  cerebro-spinal  system. 
On  section  they  are  seen  to  consist  of 
a  reddish-gray  substance,  traversed  by 
numerous  white  nerve-fibres;  they  vary 
considerably  in  form  and  size ;  the 
largest  arc  found  in  the  cavity  of  the 
abdomen ;  the  smallest,  not  visible  to 
the  naked  eye,  exist  in  considerable 
numbers  upon  the  nerves  distributed 
to  the  different  viscera.  The  ganglia 
are  invested  by  a  smooth  and  firm, 
closely-adhering,  membranous  envelojjc, 
consisting  of  dense  areolar  tissue ;  this 
sheath  is  continuous  with  the  peri- 
neurium of  the  nerves,  and  sends  nu- 
merous processes  into  the  interior  of 
the  ganglion,  which  support  the  blood- 
vessels supplying  its  substance. 

In  structure  all  ganglia  are  essen- 
tially similar  (Fig*  56).  consisting  of  the 
same   structural   elements  as  the  other 
uervous  centres— viz.  a  collection  of  nerve-cells  and    nerve-fibres.     The  nerve- 
ar  ganglion -eel  Is  in  the  ganglia  of  the  spinul  nerves  are   pyriforra  in  shape,  the 


-eotlon  through  a   mlcHMicople  gmn^Uoti. 
Ma|rit1f}ed  aw  diameters.    (Klein  and  Noble   Smith j 
c.  Ottpsuleof  the  gaxigUon.    n.  Nerve-fibre*  i;»H>»[;i^  lii-t 
of  the  ganRUun.    The  uer\'e-flbres  which  • 
jjratmlion  lire  not  represented.     The  ner^ 
orrJinary  meduUatetf  fibres,  but  the  detiii.  r 

structure  are  not  shown,  owins  to  the  low  itiai^iiiij  im? 
power.  The  erauRltoh*  eUn  ore  invested  by  BjK?cial 
capaules,  lined  by  a  few  nuclei,  which  are  her©  repre- 
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smaller  eml  being  drawn  out  into  a  proccsa  which  bifurcates  at  its  extremity  iu  a 
T-like  manner,  the  two  limbs  of  the  T  forming  the  axis-cylinder  of  the  peripheral 
and  central  portions  of  a  sensory  nerve-fibre.  In  tlie  sympathetic  ganglia  the 
cells  are  multipolar,  and  give  off  a  single  iinhranched  axis-cjlinder.  Cells  of 
this  type  are  found  in  the  ciliary,  spheno-palatine,  submaxillary,  and  otic  ganglia 
attached  to  certain  of  the  cranial  nerves^  and  these  may  in  consequence  be  con- 
sidered as  the  cranial  portion  of  the  sympathetic  system.  The  ganglion-cells  are 
usually  enclosed  in  a  transparent  capsule  with  nuclei  on  its  inner  surface.  The 
nerve-fibres  on  entering  the  ganglion  lay  aside  their  perineiirium,  which  becomes 
continuous  with  the  capsule.  Some  fibres  run  through  the  ganglion  without  being 
connected  with  the  cells. 


MJ-. 
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THE   VASCULAE  SYSTEM. 

The  Vascular  Systenit  exclusive  of  its  central  organ,  the  heart,  is  divided  into 
four  classes  of  vessels :  the  arteries,  caiiillaries»  veins,  and  lymphatics ;  the 
minute  structure  of  which  we  will  now  pn>eeed  briefly  to  descnlie,  referring  the 

reader  to  the  body  of  the  work  for  all  that 
is  necessary  in  the  details  of  their  ordinary 
anatomy. 

Stnicture  of  Arteries  (Fig.  57), — The 
arteries  are  composed  of  three  coats:  inter- 
nal or  endothelial  coat  [tunka  intima  of 
Kolliker);  middle  muscular  coat  (tunica 
media);  and  external  cellular  coat  (tunica 
adventitia). 

The  two  inner  coats  together  are  very 
easily  separated  from  the  external,  as  by 
the  ordinary  operation  of  tying  a  ligature 
on  an  artery.  If  a  fine  string  be  tied  for- 
cibly upon  an  artery  and  tlien  taken  off, 
the  external  coat  will  be  found  undivided, 
but  the  internal  coats  are  divided  in  the 
track  of  the  li gat  12 re  and  can  easily  be  fur- 
ther dissected  from  the  outer  coat.  The 
inner  I'oat  can  be  separated  from  the  middle 
by  a  little  maceration,  or  it  may  be  stripped 
ofl^  in  small  pieces ;  but,  on  account  of  its 
friability,  it  cannot  be  separated  as  a  com- 
plete membrane.  It  is  a  fine,  transparent, 
colorless  structure  which  is  highly  elastic, 
an<l  is  commonlv  corrugated  into  longitudi- 
nal wrinkles.  The  inner  coat  consists  of — 
1.  A  layer  of  pavement-epithelium,  the  cells 
of  which  are  polygonal,  oval,  or  fusiform, 
anfl  have  very  distinct  round  or  oval  nuclei, 

IThT.l'l:!fuK:la''^ea'i;c^]:^a'i^^r„';:?i:il^.•'     ThL.  endothelium,  as  it   h  now   genemlly 
tiiUy  iVoin  the  intiiuft,  whk'h  uii  artouiit  of  jis     called,  IS  lirouffht  luto  view  most  distinctlv 

by  staming  with  nitrate  of  silver.  2,  A 
subepithelial  layer,  consisting  of  delicate 
connective  tissue  with  branched  cells  lying 
in  the  interspaces  of  the  tissue.  3.  An  elastic  or  fenestrated  layer,  which  con- 
sists of  an  elastic  membrane  containing  a  network  of  elastic  fibres,  having  jirin- 
cipally  a  longitudinal  direction  ntid  in  which,  under  the  raicroseo])e,  small,  elon- 
gated apertures  or  perforations  may  be  seen,  giving  it  a  fenestrated  appearance. 
It  was  therefore  called  by  Henle  the  fenmtrated  membrane.  This  membrane 
forms  the  chief  thickness  of  the  inner  coat,  and  can  be  sejiarated  into  several 
layers,  some  of  which  present  the  appearance  of  a  network  of  longitudinal  elastic 


Fw.  57— Tmusvt  r^i 
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arttry  ftml  vein  of  the  mticous  uii'inbmiu"  nf  the 
epi^l' '<tis  of  a  ehihJ.  Ma^na  i  (k*d  about  XiO  dianit - 
ler*.  (Klein  iind  N<i1>K*Siijiih.)  a.  Arterv, show- 
ing th*-^  nuek'nU'd  I'lid.  .^^l^  liLun,  r,  wbi^.'h  linei*  it : 
the  vessel  IjeJutreoiiOa*  tiil. the  ernlntheUftl  eeUs 
ApfM'ftr  ver>'  thii  Ic.  riidenii-jLtli  tlir  i-iultitheUiitii 
is  the  xvftvy  ehi-'^lk'  inliiiitt,  The  ehief  |i>drl  of  the 
waU  of  tht^  vrs-^rl  ij*  enrupi+Hl  liy  tb*/ vireulur  ijhi«' 
ele-eout  m  :  the  ttuft-ttlmiied  iviielei  of  the  imiitek'- 
eeUa  are  weU  !*et'U.  Outj^iide  thi«  is  «.  mrt  of  the 
adventitlrt.  Thlii  is  eoiniiojied  of  tmndlea  of  eon- 
iitictive'tiiisue  llibrejt^  shown  iu  seetioii,  with  the 
nu^ki  of  the  eonneetive-ti&aiie  corpusclv-i*. 
The  advcDtitiii  ffTttfluttlly  merge*  Into  the  sur 


didiVut'y  is  seen  /is  u  taere  line  un  the  mediu  m. 
This*  latter  in  eomiMTijiedi  of  a  fi-vi  eireiilar  iin- 
Blriwti  muselc-cen^.  «,  The  iidventitta*  siml- 
liir  In  structure  to  that  of  an  &rler)\ 


fr^ii/. 


81 


_     fou 
1    of 


^         it         $ 


fKJHKj^  *D<J  others  present  a  mure  membrannus  charat;ter,  marked  by  pale  lines 
wrmg  a  longitudinal  direction*  In  arteries  of  lei^is  than  a  line  in  diameter  the 
subepithelial  layer  consists  of  a  single  layer  of  stellate  cells,  ami  the  comiective 
tissue  is  only  largely  developed  in  the  large-sized  vessels.  The  fenestrated  mem- 
brane in  microscopic  arteries  is  a  very  thin  layer,  but  in  the  larger  arteries,  and 
especially  in  the  aorta,  it  has  a  very  considerable  thickness* 

The  fniddle  coat  {tunica  media)  m  distinguished  from  the  inner  by  its  color 
and  by  the  transverse  arrangement  of  its  fibres,  in  contradistinction  to  the  longi- 
tudinal direction  of  those  of  the  inner  coat.  It  consists  of  two  varieties  of  struc- 
ture, t/ellow  elagfic  tissue  and  muscular  tissue,  which  are  present  in  varying  quan- 
tities in  different  vessels,  according  to  their  size,  the  former  tissue  preponderating 
in  the  larger  vessels  and  the  latter  in  the  smaller  ones.  In  the  largest 
arteries  this  coat  is  of  great  thickness,  of  a  yellow  color,  and  highly  elastic; 
it  dimiBishes  in  thickness  and  becomes  redder  in  color  as  the  arteries  become 
mailer,  and  finally  becomes  very  thin  and  disappears.  In  small  arteries  this 
coat  is  purely  muscular,  consisting  of  muscle  fibre-cells  (Fig*  44)  united  to  foini 
lamellse  which  vary  in  number  according  to  the  size  of  the  artery  ;  the  very  small 
arteries  having  only  a  single  layer,  and  those  not  larger  than  one-tenth  of  a  line 
ID  diameter  three  or  four  layers.  In  arteries  of  medium  size  (Fig.  58)  this  coat 
becomes  thicker  in  proportion 
to  the  size  of  the  vessel ;  its 
layers  of  muscular  tissue  are 
more  numerous  and  inter- 
mixed  with  numerous  line 
elastic  fibres  which  unite  to 
form  broad-meshed  networks. 
In  the  larger  vessels,  as  the 
femoral,  superior  mesenteric, 
eoeliac  axis,  external  iliac, 
brachial  and  popliteal  arte- 
ries, the  elastic  fibres  unite 
to  form  lamellfe,  which  alter- 
nate with  the  layers  of  mus- 
cular fibre.  In  the  largest 
arteries  the  muscular  tissue 
is  only  slightly  developed  and 
forms  about  one-tliinl  or  one- 
fourth  of  the  whole  substance 
of  the  middle  coat;  this  is 
ipecially  the  case  in  the 
orta  and  trunk  of  the  pul- 
monary artery,  in  which  the 
individual  cells  of  the  mus- 

cular  layer  are  imperfectly  formed,  while  in  the  carotid,  axillary,  iliac,  and  sub- 
clavian arteries  the  muscular  layer  of  the  middle  coat  is  more  developed.  The 
elastic  lamella  are  well  marked,  may  amount  to  fifty  or  sixty  in  number,  and 
alternate  regularly  with  the  layers  of  muscular  tissue.  They  are  most  distinct 
and  arranged  with  greatest  regularity  in  the  abdouuiial  aorta,  innominate  artery, 
and  common  carotid.  In  the  larger  arteries  bundles  of  white  connective-tissue 
fibres  have  also  been  found  in  small  quantity  in  the  middle  coat. 

The  external  coat  (tunica  adventitia)  consists  mainly  of  fine  and  closely  felted 
bundles  of  white  connective  tissue,  but  also  contains  elastic  fibres  in  all  but  the 
smallest  arteries.  The  elastic  tissue  is  much  more  abundant  next  the  tunica 
media,  and  it  is  sometimes  described  as  fonuing  here,  between  the  adventitia  and 
media,  a  special  layer,  the  tunica  elastiea  externa  of  Henle,  This  layer  is  most 
marked  in  arteries  of  oiedium  size.  In  the  largest  vessels  the  external  coat  is 
^     relatively  thin;  but  in  small  arteries  it  is  as  thick  or  thicker  than  the  middle  coat, 

l: 


Fio.  56.— A.n  artery  from  the  mesentery  of  «  chUd.  Mlf**,  and  6. 
vein  .06T"  In  dfametr'r,  treated  with  acetic  acid  and  mftrnffled  SSO 
time?i.  «.  Tunica  iidvenlititi.  with  elonitrttted  nuelfL  ^.  Nuclei  of 
the  eantrflt  till'  fibrc-rell!*  of  the  tujiiea  media^  seen  partly  fr«»m  the 
aurftice,  it&Tily  «pt>arviit  in  transverse  seclkm,  y.  Nuclei  of  the  en- 
dothelial  relLs.    6.  Elastic  longitudlnKi  flbrouB  coat. 
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In  the  smaller  arteries  it  consists  of  a  mngle  layer  of  wliite  connective  tissue  and 
cLiatic  fibres;  while  in  the  smallest  arteries,  jnst  abr»ve  the  eapilliirtes,  the  elastic 
fibres  are  wanting,  and  the  eimnective  tissue,  of  which  the  ccpat  is  composeil, 
becomes  more  homogeneous  the  nearer  it  approaches  the  capillaries,  and  is 
graduallv  reduced   to  a  thin  membranous  envelope  m  hich  finally  disappears. 

Some  arteries  have  extremely  thin  coats  in  proportion  to  their  size;  this  is 
especially  the  case  in  those  situated  in  the  cavity  of  the  cranium  and  spinal 
canal,  the  difference  depending  on  the  greater  thinness  of  the  external  anfl 
mid<lie  coats. 

The  arteries,  in  their  distribution  throughout  the  body,  are  included  in  a  thin 
fibro-areolar  investment,  which  forms  what  is  called  their  gheath.  In  the  limbs 
this  is  usually  formed  by  a  prolongation  of  the  deep  fascia ;  in  the  upper  part 
of  the  thigh  it  consists  of  a  continuation  downward  of  the  transversalis  and  iliac 
fasciiie  of  the  abdomen  ;  in  the  neck,  of  a  prolongation  of  the  deep  cervical  fascia. 
The  included  vesi^el  is  loosely  connected  with  its  sheath  by  a  delicate  areolar  tissue; 
and  the  sheath  usually  encloses  the  accompanying  veins,  and  sometimes  a  nerve- 
Some  arteries,  as  those  in   the  c  rani  tun,   are  not  included  in  sheaths. 

All  the  larger  arteries  are  supplied  with  blood-vessels  like  the  other  organs  of 
the  body;  they  are  called  the  vasa  vasorum.  These  nutrient  vessels  arise  from  a 
branch  of  the  artery  or  from  a  neighboring  vessel,  at  some  considerable  distance 
from  the  point  at  which  they  are  distributed ;  they  ramify  in  the  loose  areolar 
tissue  connecting  the  artery  with  its  sheath,  and  are  distributed  to  the  external 
coat,  but  do  not,  in  man,  penetrate  the  other  coats ;  though  in  some  of  the  larger 
mammals  some  few  vessels  have  been  traced  into  the  middle  coat.  Minute  veins 
serve  to  return  the  blood  from  these  vessels;  they  empty  themselves  into  the  venie 
comites  in  connection  with  the  artery.  Lvmphatic  vessels  and  Ivmphatic  spaces 
are  also  present  in  the  outer  coat. 

Arteries  are  also  supplied  with  nerves,  which  are  derived  chiefly  from  the  sym- 
pathetic, but  partly  from  the  cerebro-spinal  system.  They  form  intricate  plexuses 
upon  the  surfaces  of  the  larger  trunks,  and  run  along  the  smaller  branches  as  single 
filaments  or  bu miles  of  filaments,  which  twist  around  the  vessel  and  unite  with 
each  other  in  a  pie xi form  manner.  The  branches  derived  from  these  plex*tise8 
penetrate  the  external  coat,  utid  are  |irincipally  distributed  to  the  muscular  tissue 
of  the  middle  coat,  and  thus  regulate,  by  causing  the  contraction  and  relaxation 
of  this  tissue,  the  amount  of  blood  sent  to  any  part. 

The  Capillaries. — The  smaller  arterial  branches  (excepting  those  of  the  cavern- 
ous structure  of  the  sexual  organs,  of  the  spleen,  and  in  the  uterine  placenta) 
terminate  in  a  network  of  vessels  which  pervade  nearly  every  tissue  of  the  body. 
These  vessels,  from  their  minute  size,  are  termed  capillaries  {capillua,  a  hair). 
They  are  interposed  between  the  smallest  branches  of  the  arteries  and  the  cmn- 
mencing  veins,  constituting  a  network,  the  branches  of  which  maintain  the  same 
diameter  throughout ;  the  meshes  of  the  network  being  more  uniform  in  shape 
and  size  than  those  formed  by  the  anastomoses  of  the  small  arteries  and 
veins. 

The  diameter  of  the  capillaries  varies  in  the  different  tissues  of  the  body,  their 
usual  size  being  about  j^^f^  of  an  inch.  The  smallest  are  those  of  the  brain  and 
the  nmcous  membranes  of  the  intestines ;  and  the  largest  those  of  the  skin  and 
the  marrow  of  bone,  where  they  are  stated  to  be  as  large  as  j^ViT  ^^^  *^^  inch 

The  form  of  the  capillary  net  varies  in  the  different  tissues,  the  meshes  being 
generally  rounded  or  elongated.  The  rounded  form  ff  mrsh  m  most  common,  and 
prevails  where  there  is  a  dense  network,  as  in  the  lungs,  in  most  glands  and 
mucous  membranes,  and  in  the  cutis ;  here  the  meshes  are  more  or  less  angular, 
BometiuDes  nearly  quadrangular  or  polygonal ;  more  frequently  irregular. 

Motif/ated  mt^AfieH  are  observed  in  the  bundles  of  fibres  composing  muscles  and 
nerves,  the  meshes  being  usually  of  a  parallelogram  form,  the  long  axis  of  the 
mesh  rutHxing  parallel  with  the  long  axis  of  the  nerve  and  fibre.  Sometimes 
the  capillaries  have  a  looped  arrangement ;  a  single  vessel  projecting  from  the 
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(Common  network  and  returning  after  forming  one  or  more  loops,  as  in  the 
papillfe  of  the  tongue  ami  skin,  The  number  of  the  capillaries,  and  the  size  of  the 
meshes,  iletermine  the  degree  of  vascularity  of  a  part.  The  cloBCi^t  network  and 
the  ftmalleat  interspaces  are  f*uind  in  the  lung.s  and  in  the  ch<jroid  coat  of  the  eye. 
In  these  situations  the  interspaces  are  smaller  than  the  capillary  vessels  them- 
selTea*  Iji  the  kidney,  in  the  conjunctiva,  and  in  the  cutis  the  interspaces  are 
from  three  to  four  time*  as  large  as  the  cujiillaries  which  fnrm  them ;  and  in  the 
brain  from  eight  to  ten  times  aa  large  as  the  capillaries  in  their  long  diameter,  and 
from  four  tr>  six  times  a^s  large  in  their  transverse  diameter.  In  the  adventitia 
of  arteries  the  width  of  the  meshes  is  ten  times  that  of  the  capillary  vessels. 
As  a  general  rule,  the  more  active  the  funetif>n  of  the  organ,  the  closer  is  its 
capillary  net  and  the  larger  its  supply  of  blood:  the  network  being  very  narrow  in 
all  growing  parts,  in  the  glands,  and  in  the  mucous  membranes ;  wider  in  bones 
and  lignments,  which  are  comparatively  inactive;  and  nearly  altogether  absent  in 
tendons,  in  which  very  little  organic  cliange  occurs  after  their  formation. 

Structure. — The  walls  of  the  capillaries  consist  of  a  fine,  transparent,  endothelial 
layer,  composed  f>f  cells  joined  edge  to  edge  by  an  interstitial  cement-substance, 
and  continuous  with  the  endothelial  cells  which  line  the  arteries  and  veins.  When 
stained  with  nitrate  of  silver  the  edges  which  hound  the  endothelial  cells  are 
brought  into  view  (Fig.  59).  These  cells  are  of  large  size  and  of  an  irregular  polyg- 
onal or  lanceolate  shape,  each  containing  an  oval  nucleus  which  may  be  brought 
into  view  by  carmine  or  hiematoxylin.  Between  their  edg^,  at  various  points  of 
their  meeting,  roundish  dark  spots  are  sometimes  seen,  which  have  been  described  as 


Pus.  &0.~CaplU&riefi  froro  the 
ttieeentery  of  a  guinea- pifr  After  treat- 
menl  wftn  Bolution  of  nitrate  of  aU- 
▼er.    a,  CeU».  6.  Their  nuclei. 


Fio.  «0,— Finest  Tessfli  on  the  arterial  ilde.  From  the  human 
bmin.  Magnifled  300  times.  1.  Smiilk-at  artery.  2,  TrauKilloa 
▼e«ael,  3.  rf>nr«er  capiUaries.  4*  Fintr  capniarles.  o  Structure- 
lees  membrane  stiU  with  some  nuclei,  rfprcsentative  of  the 
tunica  aftventitlA.  b.  Knclel  of  the  mnscnlar  hbre-cell».  c. 
nuclei  within  the  HUiall  arttiry,  pcrhups  a}'f>ertaining  to  an 
endothelium,    d.  Nuclei  in  the  traubiliun  veesels. 


stomata,  though  they  are  closed  by  intercellular  substance.  They  have  been 
believed  to  be  the  sitimtinu  through  which  the  white  corpuscles  of  the  hlood.  when 
migrating  through  the  blood-vessels,  emerge;  but  this  view,  though  probable,  is 
not  universally  accepted. 

In  many  situations  a  delicate  sheath  or  envelojje  of  branched  nucleated  eonnec- 
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tive-tissue  cells  is  found  around  the  simple  capillary  tube,  particularly  in  the 
larger  ones,  and  in  places  such  iis  the  Iviuphatic  glands  where  the  capillaries 
are  supported  by  a  retiform   connective   tissue. 

In  the  hirge.st  capillaries  (vvhich  ouf^ht,  perhaps,  to  be  described  rather  as  the 
smallest  arteries)  there  is,  outside  the  eudothelial  layer,  a  muscular  layer,  consisting 
of  contractile  fibre-cells,  arranged  transversely^  as  in  the  tunica  media  of  the  larger 
arteries  (Fig.  60). 

The  veiDSp  like  the  arteries;  are  composed  of  three  coat^s — internal,  oiid«Ile,  and 
external;  and  these  coats  are,  with  the  necessary  modifications,  analogous  to  the 
coats  of  the  arteries;  the  internal  being  the  endnthelial,  the  middle  the  muscular, 
and  the  external  the  connective  or  areolar.  The  main  difference  between  the 
veins  and  tht  arteries  is  the  comparative  weakness  of  the  middle  coat  of  the 
former,  and  to  this  it  is  due  that  the  veins  do  not  stand  open  when  divided^  as 
the  arteries  do,  and  that  they  are  passive  rather  than  active  organs  of  the 
circulatinn. 

In  the  veins  immediately  above  the  capillaries  the  three  coats  are  hardly  to  be 
distinguished.  The  en d <» t h e  1  i u ra  i s  s ii p po r t ed  o n  an  on t e r  m em b ra n e  se pa r ab le  i n to 
two  layers,  the  outer  of  which  is  the  thicker,  and  consists  of  a  delicate,  nucleated 
membrane  (adventitia),  while  the  inner  is  composed  of  a  network  of  longitudinal 
elastic  fibres  (media)*  In  the  veins  next  above  these  in  si^e  (one-fiftb  of  a  line, 
according  to  Kolliker)  a  muscular  layer  and  a  layer  of  circular  fibres  can  be  tract^d, 
forming  the  middle  coat,  while  the  elastic  and  connective  elements  of  the  outer 
coat  become  more  distinctly  perceptible.  In  the  middle-sized  veins  the  typical 
structure  of  these  vessels  becomes  clear.  The  endothelium  is  of  the  same  character 
as  in  the  arteries,  but  its  cells  are  more  oval,  less  fusiform.  It  is  supported  by  a 
connective-tissue  layer,  consisting  of  a  delicate  network  of  branched  cells,  and 
external  to  this  is  a  layer  of  longitudinal  elastic  fibres,  but  seldom  any  appearance 
o  f  a  f e  n  e  s  t  r  a  t  e  d  i  n  e  u  1 1  >  r  a  n  e .  T  h  i  s  c  i  ui  s  t  i  t  u  t  es  the  in  te  rn  a  I  c  oa  t .  The  m  h  h  fie  coat  is 
composed  of  a  thick  layer  of  connective  tissue  with  elastic  fibres,  intermixed,  in  some 
veins,  with  a  transverse  layer  of  muscular  fibres.  The  white  fibrous  element  is 
in  considerable  excess,  and  the  elastic  fibres  are  in  much  smaller  proportion  in  the 
veins  than  in  the  arteries.  The  outer  coat  consists  of  areolar  tissue,  as  in  the 
arteries,  with  longitudinal  elastic  fibres.  In  the  largest  veins  the  outer  coat  is  from 
two  to  fixti  times  thicker  than  the  middle  coat,  and  contains  a  large  number  of 
longitudinal  muscular  fibres.  This  is  most  distinct  in  the  inferior  veua  cava,  and 
at  the  termination  of  this  vein  in  the  heart,  in  the  trunks  of  the  hepatic  veins,  in 
all  the  large  trunks  of  the  vena  porta?,  in  the  splenic,  superior  mesenteric,  external 
iliac,  renal,  and  azygos  veins.  In  the  renal  and  portal  veins  it  extends  through 
the  whole  thickness  of  the  outer  coat,  but  in  tlie  other  veins  mentioned  a  layer  of 
connective  and  elastic  tissue  is  found  external  to  the  muscular  fibres.  All  the  large 
veins  which  open  into  the  heart  are  covered  for  a  short  distance  with  a  layer  of 
striped  miiscnlar  tissue  continued  on  to  them  from  the  heart.  Muscular  tissue  is 
wanting  in  the  veins — (1)  of  the  maternal  part  of  the  placenta;  (2)  in  the  venons 
sinuses  of  the  dura  mater  and  the  veins  of  the  pi  a  mater  of  the  brain  and  spinal 
cord;  (3)  in  the  veins  of  the  retina;  (4)  in  the  veins  of  the  cancellous  tissue  of 
bones;  (5)  in  the  venous  spaces  of  the  corpora  cavernosa.  The  veins  of  the  above- 
mentioned  parts  consist  of  an  internal  endothelial  lining  supported  on  one  or  more 
layers  of  areolar  tissue.  The  internal  and  external  jugular  veins  and  the  subclavian 
vein  are  said  to  contain  either  no  muscular  fibres  at  all,  or  at  all  events  only  a 
slight  amount  in  their  middle  coat. 

Most  veins  are  |u*ovided  with  valves,  which  serve  to  prevent  the  reflux  of  the 
blood.  They  are  fiuined  by  a  retlajilication  of  the  inner  coatj  strengthened  by 
connective  tissue  and  elastic  fibres,  and  are  covered  on  both  surfaces  with  endo- 
thelium, the  arrangement  of  which  differs  on  the  two  surfaces.  On  the  surface 
of  the  valve  next  the  wall  of  the  vein  the  cells  are  arranged  transversely;  whilst 
on  the  other  surface,  over  which  the  current  f^f  blood  flows,  the  cells  are  arranged 
vertically  in  the  direction  of  the  current.     Their  form  is  semilunar.     They  are 


atUched  by  their  convex  edge  to  the  wall  of  the  vein ;  the  concave  margin  is  free, 
directed  in  the  course  of  the  venous  current,  and  lies  in  close  apposition  with  the 
wall  of  the  vein  as  long  as  the  current  of  blood  takes  its  natural  course;  if,  how- 
ever, any  regurgitation  takes  place,  the  valves  become  distended,  their  opposed 
edges  are  brought  into  contact,  and  the  current  is  intercepted.  Most  commonly 
^o  such  valves  are  found  placed  opposite  one  another,  more  especially  in  the 
smaller  veins  or  in  the  larger  trunks  at  the  point  where  they  are  joined  by  smaller 
branches;  occasionally  there  are  three  and  sometimes  only  one.  The  wall  of  the 
vein  on  the  cardiac  side  of  the  point  of  attachment  of  each  segment  of  the  valve 
is  expanded  into  a  pouch  or  sinus,  which  gives  to  the  vessel,  when  injected  or  dis- 
tended with  blood,  a  knotted  appearance.  The  valves  are  very  numerous  in  the 
veins  of  the  extremities,  especially  of  the  lower  extremities,  these  vessels  having 
to  conduct  the  blood  against  the  force  of  gravity.  They  are  absent  in  the  very 
small  veins — L  e,  those  less  than  ^  of  an  inch  in  diameter;  also  in  the  ven^ne 
cavBB,  the  hepatic  veins,  portal  vein  and  its  branches,  the  renal,  uterine,  and 
ovarian  veins.  A  few  valves  are  found  in  the  spermatic  veins,  and  one  alsi^  at 
their  point  of  junction  with  the  renal  vein  and  inferior  vena  cava  in  both  sexes. 
The  cerebral  and  spinal  veins,  the  veins  of  the  cancellated  tissue  of  bone,  the 
pulmonary  veins,  and  the  umbilical  vein  and  its  branches,  are  also  destitute  of 
valves.  They  are  occasionally  found,  few^  in  number, 
in  the  vense  azygos  and  iutercf»stal  veins.  ] 

The  veins  are  supplied  with  nutrient  vessels,  vasa  ;^ 

vasorum,  like  the  arteries.  Nerves  also  are  distrib- 
uted to  them  in  the  same  manner  as  to  the  arteries, 
but  in  much  less  abundance. 

The  lymphatic  vessels,  including  in  this  term  the 
lacteal  vessels,  which  are  identical  in  structure  with 
tbem,  are  composed  of  three  coats.  The  hiternnl  is 
an  endothelial  and  elastic  coat.  It  is  tliin,  trans- 
parent, slightlv  elastic,  and  ruptures  sooner  than  the 
other  coats.  It  is  composed  of  a  layer  of  elongated 
epithelial  cells  with  serrated  margins,  by  which  the 
adjacent  cells  are  dovetailed  into  one  another.  These 
are  supported  on  a  single  layer  of  longitudinal  elastic 
fibres.  The  middle  coat  is  corajtosed  fd*  smooth  mus- 
cnlar  and  fine  elastic  fibres,  disposed  in  a  transverse 

■  direction.     The  external^  or  fibro-areolar,  coat  con- 

■  siata  of  filaments  of  connective  tissue,  intermixed  with 
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Fiu,  «fl.— Transverse  section  ihrotiKh  the  nnata  of  the  thoracic 
duct  of  nuiD.  Mttjfui fled  30  times  n.  hiidothelium,8triiitt'rI  lumellfi?, 
Bffed  loner  eliistlc  rf*at-  b,  LxjoRltTidinal  connective  tisKue  of  the 
middle  ooAt.  c  Traru-vcrse  mtiftrU-H  of  the  sttuie.  d.  Tuiika  adven- 
wlth  <",  the  longitudiniil  muaculftr  fibres. 


Fig.  62.— 1.  Eiirt'Obliimi  from  the 
under  airfare  of  tlu^  t'tnLnm  (fliflhlrufH, 
of  the  raljbit.  a.  sirjnuitu.  2.  Kndo* 
tlietium  of  the  ui»'diii>itniim  of  the 
dog.  a.  Stomata,  3.  Srciitm  thrimKh 
the  pleura  of  the  fiame  auimul.  b. 
Free  orifices  of  short  lateral  piisftAKt?* 
of  the  lymph -can  al«-  (C:^pi«d  from 
Ludwljf,  ScbweiKi^er-Seydel,  and  Dyb- 
kowHky.) 

smooth  muscular  fibres,  longitudinally  or  obliquely  disposed.  It  forms  a  protective 
coverinj^  to  the  other  coat4i,  and  serves  to  connect  the  vessel  with  the  neighboring 
structures.  The  above  description  applies  only  to  the  larger  lymphatics ;  in  the 
email er  vessels  there  is  no  muscular  or  elu^tic  coat,  and  their  structure  consists 
only  of  a  connective-tissue  coat,  lined  by  endothelium.  The  thoracic  duct  (Fig. 
61)  is  a  somewhat  more  complex  structure  than  the  other  lymphatics;  it  presents 
a  distinct  subepithelial  layer  of  branched  corpuscles,  similar  to  that  found  in  the 
arteriest   and  in  the  middle  coat  is  a  layer  of  connective  tissue  with  its  fibres 
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arranged  longitudinally.     The  lymphatics  are  supplied  by  nutrient  vessels,  which 

nerv< 


are  distributed  to  their  outer  and  middle  coats;  but  no 
been   traced  into  them. 


lave  at  present 


The  Ivmphaties  are  very  generally  provided  with  valves,  which  assist  mate* 
rially  in  eflfecting  the  circulation  of  the  fluid  they  contain.  These  valves  are 
formed  of  a  thin  layer  of  fibrous  tissue,  lined  on  both  surfaces  by  endothelium. 
Their  form  is  semilunar;  they  are  attached  hy  their  convex  edge  to  the  sides  of 
the  vessel,  the  concave  edge  being  free  and  directed  along  the  course  of  the  con- 
tained current.  Usually  two  such  valves,  of  equal  size,  are  found  opposite  on© 
another;  but  occasionally  exceptions  occur,  especially  at  or  near  the  anastomoses 
of  lymphatic  vessels.  Thus,  one  valve  may  be  of  very  rudimentary  size  and  the 
other  increased  in  proportion. 

The  valves  in  the  lymphatic  vessels  are  placed  at  much  shorter  intervals  than 
in  the  veins.  They  are  most  numerous  near  the  lyraphatic  glands,  and  they  are 
found  more  frequently  in  the  lymphatics  of  the  neck  and  upper  extremity  than  in 
the  lower.  The  wall  of  the  lymphatics  immediately  above  the  point  of  attach' 
ment  of  each  segment  of  a  valve  is  expanded  into  a  pouch  or  sinus,  which  gives 
to  these  vessels,  when  distended,  the  knotted  or  beaded  appearance  which  they 
present.  Valves  are  wanting  in  the  vessels  composing  the  plexiforra  network  in 
which  the  lymphatics  usually  originate  on  the  surface  of  the  body. 

Origin  of  Lympliatics.— The  finest  visible  lymphatic  vessels  (lymphatic  capil- 
laries) fiu-m  a  plexiform  network  in  the  tissues  and  organs,  and  they  consist  of  a 
single  layer  of  endothelial  plates,  with  more  or  less  sinuous  margins.  These  ves- 
sels commence  in  an  intercommunicating  system  of  clefts  or  spaces  in  the  connec- 
tive tissue  of  the  different  organs,  which  have  no  complete  endothelial  lining.  They 
have  been  named  the  rootletg  of  the  lymphatics,  and  are  identical  with  the  spaces 
in  which  the  connective-tissue  corpuscles  are  contained.  This  then  is  properly 
regarded  as  one  method  of  their  commencement,  when  the  lymphatic  vessels  are 
apparently  CMUtitiuous  with  spaces  in  the  connective  tissue,  and  Klein  has  described 
and  figured  a  direct  communication  between  these  spaces  and  the  lymphatic  vessel.^ 
But  the  lymphatics  have  also  otlier  mo<les  of  origin,  for  the  intestinal  lacteals 
commence  by  closed  extreuiities,  though  some  observej*s  believe  that  the  closed 
extremity  is  cimtinuous  with  a  minute  network  c*>ntained  in  the  substance  of  the 
villus,  through  which  the  lacteal  is  c<uinectcd  with  the  epithelial  cells  covering  it. 
Again,  it  seems  now  to  be  c<uiclusively  proved  that  the  serous  membranes  present 
stomata  or  o|3€nings  between  the  epithelial  cells  (Fig.  tj2)  hy  which  there  is  an 
open  communication  with  the  lymphatic  system,  and  through  which  the  lymph  is 
thought  to  be  pumped  by  the  ultiuutre  dilatation  and  contraction  t*f  the  serous 
surface,  due  to  the  movements  of  respiration  and  ciixulation,*  so  that  the  serous 
and  synovial  sacs  may  be  regarded,  in  a  certain  sense,  as  large  lymph-cavities  or 
sinuses.  Von  Recklinghausen  was  the  first  to  observe  the  passage  of  milk  and 
other  colorerl  fluids  through  these  stomata  on  the  peritoneal  surface  of  the 
central  tendon  of  the  diaphragm.  Again,  in  most  glandular  structures  the 
lymphatic  capillaries  have  a  lacunar  origin.  Here  they  begin  in  irregular  clefts  or 
spaces  in  the  tissue  of  the  part;  occupying  the  penetrating  connective  tissue  aitd 
surroun<rmg  the  lacunae  or  tubules  of  theglund,  and  in  many  places  separating  the 
capillary  network  frrmx  the  alveolus  or  tubule,  so  that  the  interchange  between  the 
blood  and  the  secreting  cells  of  the  part  uiust  be  carried  on  through  this  lymph- 
apace  or  lacuna.  Closely  allied  tij  this  is  the  mode  of  origin  of  lymphatics  in 
perivascular  and  perineural  sfjaces.  Sometimes  a  minute  artery  may  be  seen  to  be 
ensheathed  for  a  certain  <!i stance  by  a  lymphatic  cajjillary  vessel,  Avhich  is 
often  many  times  wider  than  a  bltmd-caj^iHary.  These  are  known  as  jierivascular 
lymphatics* 

^  Ada^of  HuUologi/,  pi.  viiL  fig,  iiT. 

*  The  peseiul^lanc^  beiween  lymph  and  serum  led  Hew*w)n  long  ago  to  reiB^ard  the  serous  i-avities 
■UBftCsinlo  which  the  lyniphatics  open.  R^^oeot  m!crtis<;'opic  discoreriiiw  ronflrm  this  opinion  in  a 
very  interesting  manner* 
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Terminations  of  Lympliatics. — The  IvTuphatics,  including  the  lacteals,  discharge 
their  contents  into  the  veins  at  two  points;  namely,  at  the  angles  of  junction 
of  tlie  subclavian  and  internal  jugular  veins:  on  the  left  side  by  means  of  the 
thoracic  duct,  and  on  the  right  side  by  the  right  lymphatic  doct.  (See  description 
of  lymphatics  on  a  subsequent  page.) 

Lymphatic  glands  (eoit^hbate  ff lands)  are  small  oval  or  bcan-shai>ed  bodies, 
aituated  in  the  course  of  lymphatic  and  lacteal  vessels,  so  that  the  lymph  and  chyle 
pass  through  them  on  their  way  to  the  blood.  They  generally  present  on  one 
side  a  slight  depression — the  kihim — through  which  the  blood-vessels  enter  and 
leave  the  interior.  The  efferent  lymphatic  vessel  also  emerges  from  the  gland  at 
this  spot,  while  the  afferent  vessels  enter  the  organ  at  different  parts  of  the 
periphery.  On  section  {Fig.  63),  a  lymphatic  gland  displays  two  differcDt  struc- 
tures: an  external,  of  lighter  color — the  cortical;  and  an  internal,  darker — the 
medullary.  The  cortical  structure  does  not  form  a  complete  investment,  but  is 
deficient  at  the  hilum,  w^here  the  medullary  portion  reaches  the  surface  of  the 
gland;  so  that  the  efferent  vessel  is  derived  directly  from  the  medullary  structure, 
while  the  afferent  vessels  empty  themselves  into  the  cortical  substance. 

Lymphatic  glands  consist  of  (1)  a  fibrous  envelope,  or  eapsulr,  from  which  a 
framework  of  processes  {trabecuh')  proceed  inward,  dividing  the  gland  into  open 
spaces  (alreolt)  freely  communicating  with  each  other;  (2)  a  quantity  of  adenoid 
tissue  ticciipying  these  spaces  without  completely  filling  them  ;  (3)  a  free  supply 
of  blood-vessels,  which  are  supported  on  the  trabecuhe ;  and  (4)  the  afferent  and 
efferent  vessels.  Little  is  known  of  the  nerves,  though  Krilliker  describes  some 
fine  nervous  filaments  passinjj  into  the  hilum. 

The  capsule  is  com[)osed  <>f  a  layer  of  connective  tissue*  and  from  its  internal 
surface  are  given  off  a  number  of  membranous  septa  or  lamellae,  consisting,  in  man, 
of  connective  tissue,  with  a  small  admixture  of  muscular  fibre-cells;  but  in  many 
of  the  lower  animals  com[)osed  almost  entirely  of  involuntary  muscular  fibre. 
They  pass  inward,  nidiatiiig  toward  the  centre  of  the  gland,  for  a  certain  distance; 
that  is  to  say,  for  about  one-rbird  or  one-fourth  of  the  space  between  the  circum- 
ference and  the  centre  <*f  the  gland. 
They  thus  divide  the  outer  |»art  of  its 
interior  into  a  number  of  oval  compart- 
ments or  alveoli  {Fig,  68).  This  is  the 
cortical  portion  of  the  gland.  After 
having  penetrated  into  the  gland  for 
some  distance,  these  septa  break  up  int. 
a  number  of  smaller  trabecuhe,  which 
form  flattened  bands  or  cords,  interlacing 
with  each  other  in  all  directions,  forming 
in  the  central  part  of  the  orgiin  a  num- 
ber of  intercommunicating  spaces,  also 
called  iilveoli^  This  is  the  medullary 
portion  of  the  gland,  and  the  spaces  or 
alveoli  in  it  not  only  freely  communicate 
with  each  other,  but  also  with  the  alveoli 
of  the  cortical  portion.  In  these  alveoli 
or  spaces  (Fig.  64)  is  contained  the 
proper  glii  nil-substance  or  lymphoid 
tissue.  The  glund-pulp  does  not,  how- 
ever, completely  fill  the  alveolar  spaces,  but  leaves,  between  its  outer  margin  and 
the  trabecuhie  forming  the  alveoli  a  channel  or  space  of  uniform  width  through- 
out. This  is  termed  the  h/mplt-pfifh  ur  h/ntph-tfinifii  (Fig*  t>6).  Running  across  it 
are  a  number  of  trabecuhe  of  retiform  connective  tissue,  the  fibres  of  which  are, 
for  the  most  part,  covered  by  rjuuified  cells.  This  tissue  appears  to  serve  the 
purpase  of  maintaining  the  gland-pulp  in  the  centre  of  the  space  in  its  proper 
position. 
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lympb.  a.  The  envelope,  b.  Septa  between  the  Jnl- 
liclefli  or  alvfull  nf  the  cortical  part*  c.  System  of 
j»eptaof  the  medullary  portioD.  down  to  the  hilum. 
(L  Thu  folllcleH.  a.  Lymph  tutte.^  of  the  ineduHnrj' 
inii«6.  /  Differenl  Ij-miphatkj  streams  whieh  (sur- 
round the  foUJeles,  and  now  through  the  lntrr>tiee« 
of  I  he  ovedullarj'  portion,  ff,  CouUnence  of  iheee 
|:>as«ing  through  the  etferent  vessel,    h,  at  the  bilmn. 


Fto.  64.— Follicle  ttom  a.  Ivmphatlc  gland  of  the  dog, 
in  vertical  ftoctlon.  a.  RetiryUr  sijptfntftcular  PiihKt4iiice 
of  the  more  txtenial  portion,  h.  of  the  more  Inlornul.  mv\ 
f,  of  the  most  externftl  and  mont  finely  wt^Wit-d  fjfirt  on  the 
narlacD  of  the  follicle,  d.  Oritrin  of  w  large  Ivmph-iube, 
e.  OfaHmallerone.  jC  Cafieiile.  f/.  St^mo.  h.  vasafferens. 
t  Inv«iliig  space  or  the  ft>llk'lc,  wltn  \i»  rctfnuciihi.  I:. 
One  of  the  divipitms  nf  the  gepta.  IJ,  Attachment  of  the 
JyinphtutHis  to  the  st?pla, 


Fio.  OS.— From  the  medullary  lubstance  of  an 
insrnina!  glainl  of  the  ox.  ( A  f\er  Hie.)  a.  Lymph- 
tube,  with  ft*  complicated  system  of  vessels,  h. 
Ketlnacula  jitrt'ifhcd  between  the  ttibe  atid  the 
fepta.  c.  Fort  ion  of  another  lymph-ttibe*  d 
Bepta. 
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gland-pulp  in  tbe  cortical  portion  is  disposed  in  the  fonn  of  nodules,  and  in  the 

medtillary  part  in  the  form  of 

d  fl  xiji &  rounded  cords.     It  eonsists  nf 

ordinary  lymphoid  tij^^ue,  be- 
ing made  up  of  a  delieate  re- 
tieuhun  of  retiform  tissue, 
which  18  c<mtinuous  with  that 
in  the  lymph-paths,  but  mark- 
ed uff  from  it  by  a  clof^er  retic- 
ulation ;  in  itH  me.^hes  are 
chvsely  packed  lymph-corptis- 
eles,  traversed  hy  a  dense 
plexus  of  capillary  blood-ves- 
sels. 

The  afferent  vemeh^  as 
above  stated,  enter  at  all  parts 
of  the  periphery  of  the  ^laud, 
and  after  branching  and  f«um- 
ing  a  dense  ple.xu8  in  the  sub- 
stance of  the  capsule,  open 
into  the  lyraph-sinnses  of  the  cortical  part.  In  doing  this  they  lose  all  their 
coats  except  their  endothelial  lining,  which  is  contininuis  with  a  layer  of  similar 
cells  linin;^  the  lymph-paths.  In  like  manner  the  iffert'ttf  vessel  commences 
from  the  lymph-sinnses  of  the  medullary  portion*  The  stream  of  lyiufdi  carried 
to  the  gland  by  the  afferent  vessel  thus  passes  through  the  plexus  in  the  capsule 
to  the  lymph-paths  of  the  cortical  portion,  where  it  is  exposed  to  the  action  of  the 
gland-pulp ;  flowing  through  these,  it  enters  the  paths  or  sinuses  of  the  metlidlary 
portion,  and  finally  emerges  from  the  bilum  by  means  of  the  efferent  vesst^U  The 
stream  of  lymph  in  its  passage  through  the  lymph-sinuses  is  much  retarded  by 
the  presence  of  the  reticulum.     Hence  morphological  elements,  either  normal  or 


FiG.  (16.— Section  of  lymphatic  gland  tlsaue.  «.  Trabecalie.  h, 
SmaU  artery  in  subatance  of  same.  c.  Lymph  ^ath^.  cf.  Lymph^ 
corpuscles.    «.  Capillary  plexus< 
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morbitl,  are  easily  arrested  and  deposited  in  the  sinuses.  This  is  a  matter  of  con- 
iiderable  importance  in  connection  with  the  subject  of  poisoned  wounds  and  the 
nbAorption  of  the  poison  by  the  lymphatic  system,  since  by  this  nieans  septic 
organisms  carried  along  the  lymphatic  vessels  may  he  arrested  in  the  lym|ih-sinuacs 
of  the  gland  lissue,  and  thus  be  prevented  from  entering  the  general  circulati«m. 
The  arteries  of  the  gland  enter  at  the  bihmi,  and  either  pass  at  once  to  the  gland- 
pulp,  to  break  up  into  a  capillary  plexus,  or  else  run  along  the  trabecular,  partly 
to  supply  them  and  i»artly  running  across  the  lymph-paths  to  assist  in  forming  the 
capillary  plexus  of  the  gland-pulp.  This  plexus  traverses  the  lymphoid  tii^sue, 
but  does  not  pass  into  the  lymph-sinuses.  From  it  the  veins  commence,  and 
emerge  from  the  organ  at  the  same  place  as  that  at  which  the  artery  enters. 

THE  SKIN  Aim  ITS  APPENDAGES. 
The  akin  (Fig.  67)  is  the  priucijial  seat  of  the  sense  of  touch,  and  may  be 
regarded  as  a  covering  for  the  protection  of  the  deeper  tissues ;  it  is  also  an  im- 
portant excretory  and  absorbing  organ.  It  consists  principally  of  a  layer  of  vascular 
connective  tissue,  named  th^  denna^  corium^or  cutis  vent,  and  an  external  covering 
of  epithelium,  termed  the  ejndernm  or  cuticle.     On  the  surface  of  the  former  layer 
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Fig.  t:»7,— a  i^ectionftl  view  of  the  skin  ^magnlfledji. 

are  the  s^jxhUvq  piipilhe :  and  within,  or  imbedded  beneath  it,  are  certain  organs 
with  special  functions— namely,  thm  «weat-ffhuith,  Itnir-foilfffes.rLnd  utebaeeottstflanth. 
The  epidermis  or  cuticle  {scarf-Mkin,  Fig.  68)  is  an  epithelial  structure  belong- 
;  to  the  class  of  stratified  epithelium.  It  is  accurately  moulded  on  the  papillary 
tr  of  the  derma.  It  forms  a  defensive  covering  to  the  surface  of  the  true  skin, 
limits  the  evaporation  of  watery  vapor  from  its  free  surface.  It  varies  in 
thickness  in  different  parts.  In  some  sittjations,  as  in  the  palms  rd'  the  hands  and 
I  fiolest  of  the  feet,  it  is  thick,  hard,  and  horny  in  texture.     This  may  be  partly  due 
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to  the  fact  that  these  parts  are  oxposerl  to  ituerniittent  pressure,  hnt  that  this  is 
not  the  only  caii.se  is  proved  by  the  fact  that  the  condition  exists  to  a  very  consid- 
erable extent  at  birth.     The  more  superficial  layer  of  cells,  called  the  Aomy  layer 
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FiQ.  Gfi.-'Mlcroscopfc  section  f)f  j^klii,  shotting  the  tpidurmls  Aud  derma;  a  bftir  in  it*  foUiele  i  the  erector 
pUi  tnuiicle:  sebrtreoiis  and  suiiorlfcmus  glatHls. 

(stratum  rorneum),  may  be  separated  by  maceration  from  the  deeper  layers,  which 
are  calleil  the  rete  mucoMum,  and  which  consist  of  several  layers  of  diflerenfly 
shaped  cells*  The  free  surface  of  the  epidermis  is  marked  by  a  network  of  linear 
furrows  of  variable  size,  marking  out  the  surface  into  a  number  of  spaces  of  polyg- 
onal or  lozenge-shaped  form.  Some  of  these  furrows  are  lar|^e,  as  opposite  th© 
ilexures  of  the  joints,  and  correspond  to  the  folds  in  the  derma  produced  l)y  their 
nuivements.  In  other  situations^  as  upon  the  hack  of  the  hand,  they  are  exceed- 
ingly fine,  and  intersect  one  another  at  various  angles;  upon  the  ^lalmar  surface 
of  the  hand  aufl  fingers  and  uptm  the  side  of  the  foot  these  lines  are  very  distinct 
and  are  disposed  in  curves.  They  de])end  upon  the  large  size  and  |*eculiar  arrange- 
ment of  tlie  ]>a|iill:e.  upon  which  the  epidermis  is  placed.  The  deep  surface  of  the 
epidermis  is  accurately  moulded  iijion  the  papilhiry  layer  of  the  derma,  each  papilla 
liciiig  invested  by  its  ei»ideimic  sbeatb  ;  so  that  when  this  layer  is  removed  by 
niaeeration,  it  [jresents  on  its  under  surface  a  ninnber  of  pits  or  dejuessions  corre- 
sponding to  the  elevations  in  the  papilhi;,  as  well  as  the  ridges  left  in  the  intervals 
between  them.  Fine  tubular  prolongations  are  contintied  from  this  layer  into  the 
ducts  of  the  sud«u'iferous  and  sebaceous  glands. 

In  structure,  the  epi<lermis  consists  of  several  layers  of  epithelial  cells  agglu- 
tinated together  and  having  a  laminated  arrangement.  These  sevenil  layers  may 
be  described  as  composed  of  four  different  strata  from  within  outward:  (1)  The 
rete  Mit!pH/iih\  comjjosed  of  several  layers  of  epithelial  cells,  of  which  the  deepest 
layer  is  elongated  in  figure  and  idaced  perpendicularly  on  the  surface  of  the 
corium,  their  lower  ends  being  denticulate.  tt>  fit  into  corresponding  dentieula- 
tions  of  the  true  skin;  while  the  succeeding  laminae  consist  of  cells  of  a  more 
rounded  or  polyheilral  form,  the  contents  of  which  are  soft,  opaijue,  granular,  and 
soluble  in  acetic  acid.  They  are  often  marked  on  their  surfaces  with  ridges  and 
furi'ows,  and  are  covered  with  niouerous  titn-ils,  which  cf»nnect  the  surfaces  of  the 
cells:  these  are  known  as  pn'ckir  cells  (see  page  48).  (2)  Immediately  superficial 
to  these  is  a  single  layer  of  flattened,  spindle-shaped  cells,  the  ^7mHK7(ir  latfef\  which 
contain  granuh'S  that  become  dee]>ly  stained  in  hsematoxylin,  und  are  comjiosed  of 
a  substance  termed  thiiliji.  They  are  supi>osed  to  be  cells  in  a  transitional 
stage  between  the  protoplasmic  cells  of  the  rete  Malpighii  and  the  borny 
cells  of  the  superficial  layers.  (3)  Above  this  layer  the  cells  become  indis- 
tinct, and  ap|>ear^  in  sections,  to  Ibrm  a  homogeneous  or  dimly  striated  mem- 
brane composed  of  closely-packed  scales,  in  which  traces  of  a  fiattened  nucleus 
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may  be  found.  It  is  called  the  stratum  liicidum.  (4)  As  these  cells  suc- 
cessively approach  the  surface  by  the  development  of  fresh  layers  from  beneath, 
they  a^ume  a  flattened  form  from  the  evaporation  of  their  fluid  contents, 
ana  consist  of  many  layers  of  horny  epithelial  scales  in  which  no  nucleus  is 
discernible,  forming  the  nfratum  cormum.  These  cells  apjmvently  become 
changed  in  their  chemical  composition,  as  they  are  now  unaffected  by  acetic  acid. 
The  deepest  layer  of  the  rete  Malpighii  is  separated  from  the  papillte  by  an 
apparently  homogenef>us  basement  membrane,  which  is  most  distinctly  brought 
into  view  in  specimens  prepared  with  chloride  of  gold.  This,  according  to  Klein, 
is  merely  the  deepest  portion  of  ihe  epithelium,  and  is  '"made  up  of  the  basis  of 
the  individual  cells,  which  have  undergone  a  chemical  and  morphological  altera- 
tion/* The  black  color  of  the  skin  in  the  negro  and  the  tawny  color  arnong 
some  of  the  white  races  is  due  to  the  presence  of  pigment  in  the  cells  of  the 
cuticle.  This  pigment  is  more  especially  distinct  in  the  cells  of  the  deeper  layer 
or  rete  mucosum,  and  is  similar  to  that  found  in  tlie  cells  of  the  pigmentary  layer 
of  the  retina.  As  the  cells  approach  the  surface  and  desiccate,  the  color  becomes 
partially  lost 

The  derma,  corium,  or  cutis  vera,  is  tough,  flexible,  and  highly  elastic,  in  order 
to  defend  the  |>arts  beneath  from  violence. 

It  varies  in  thickness,  from  a  <]uarter  of  a  line  to  a  line  and  a  half»  in  differ- 
ent parts  of  the  body.  Thus  it  is  very  thick  in  the  palms  of  the  hamls  and  soles 
of  the  feet;  thicker  on  the  posterior  aspect  of  the  body  than  the  front,  and  on  the 
outer  than  the  inner  side  of  the  limbs.  In  the  eyelids*  scrotum,  and  penis  it  is 
exceedingly  thin  and  derteate.  The  skin  generally  is  thicker  in  the  male  than  in 
the  female,  and  in  the  adult  than  in  the  child. 

The  corium  consists  of  fibrous  connective  tissue,  with  a  large  admixture  of 

jtic  fibres  and  numerous  blood-vessels,  lymphatics,  and  nerves.  The  fibro- 
sireolar  tissue  forms  the  framewi^rk  of  I  he  cutis,  and  is  difterently  arranged  in 
different  parts,  so  that  it  is  usual  to  desciibe  it  as  consisting  of  two  layers;  the 
deeper  or  reticular  layer,  and  the  superficial  or  papUhrnf  layer.  t'nstrij)ed 
mascular  fibres  are  found  in  the  superficial  layers  rif  the  corium.  wherever  hairs 
are  found;  and  in  the  subcutaneous  areolar  tissue  of  the  scrotom,  penis,  labia 
majora  of  the  female,  and  the  nipples.  In  the  hitter  situation  the  fibres  are 
arranged  in  bands,  closely  reticulated  and  disposed  in  superimposed  laminie. 

The  retleular  layer  cimsists  of  strong  interlacing  fibrous  bands,  comj)osed 
chiefly  of  the  white  variety  of  fibrous  tissue,  hut  containing,  also,  some  fibres  of 
the  yellow  elastic  tissue,  which  vary  in  amount  in  different  parts,  and  connective- 
tissue  corpuscles,  which  are  often  to  he  foand  flattened  against  t!u?  white  fibrous 
tissue-bundles,  Toward  the  attached  surface  the  fasciculi  are  large  and  coarse, 
and  the  areohe  which  are  k^ft  !»y  their  interlacement  are  large,  and  occujiied  by 
adipose  tissue  and  sweat-glands.  Below  this  the  elements  of  the  skin  become 
fcdually  blended  with  the  subcutaneous  areolar  tissue,  which,  except  in  a  few 
^uations,  contains  fat.  Toward  the  free  surface  the  fasciculi  are  much  finer, 
and  their  mode  of  interlacing  cl(Kse  and  intricate. 

The  papilla n/  hrf/er  is  situated  u]>on  the  free  surface  of  the  rvtieuhir  hif/cr :  it  con- 
sists of  numerous  smalU  highly  sensitive,  or  vascular  eminences,  the  papffltr,  which 
rise  perpendicularly  from  its  surface.  Tiie  pap i Ihe  are  conical-shaped  eminences, 
having  a  round  or  blunted  extremity, occasionally  divided  into  two  or  more  parts  and 
connected  by  a  thin  base  with  tlie  free  surface  of  the  corium.  Their  average  length 
is  about  j-J-jj^  of  an  inch,  and  they  measure  at  their  base  ^4-^  of  an  inch  in  diameter. 
On  the  general  surface  of  the  body,  more  especially  in  those  parts  which  are  endowed 
with  slight  sensibility,  they  are  few  in  number,  short,  exceedingly  minute,  and 
irregularly  scattered  over  the  surface;  but  in  some  situations,  as  upon  tlie  palmar 
surface  of  the  hands  and  lingers,  upon  the  plantar  surface  of  the  feet  and  toes, 
and  around  the  nipple,  they  are  long,  of  large  size,  closely  aggregated  together, 
anrl  arranged  in  parallel  curved  lines,  forming  the  elevated  ridges  seen  on  the  free 
surface  of  the  epidermis.     In  these  ridges  the  larger  papilla?  are  arranged  in  a 
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dotible  row,  with  smaller  papilUe  betweon  tLeni :  and  these  rows  are  siibdiviflerl 
into  small  stjua re-shaped  spaces  by  short  transverse  furrows,  regularly  dis?j>osed; 
in  the  centre  of  each  of  these  transverse  furrows  is  the  minute  orifice  of  the  duct 
of  a  sweat-gland.  No  papillae  exist  in  the  grooves  between  the  ridges.  In 
structtire  the  papilhi?  consist  of  very  small  and  closely  interhicing  btindles  of 
finely  fibrilhued  tissue,  with  a  few  elastic  fibres.  Tbe  majority  of  the  pw-pillte  con- 
tain loo[>s  of  blood-vessels,  and  these  are  knoun  as  tbe  vascular  papilhe  in  contra- 
distinction to  others  wbich  usually  possesn  no  blood-vessels,  but  contain  tactile  cor- 
puscles. These  tactile  pHpilhe  are  most  numerous  in  the  derma  of  the  palm  of  tbe 
hand  and  of  the  sole  of  the  foot,  but  occur  also  in  smaller  numbers  on  the  back 
of  the  hand  and  foot,  on  the  flexor  stirface  of  the  forearm,  and  on  the  nipple^ 

The  arterk'S  supplying  the  skin  form  a  network  in  the  subcutaneous  tissue, 
from  whicb  branches  are  given  off'  to  supply  the  sweat-glands,  tbe  liair-follicles, 
and  the  fat.  Other  branches  are  given  off  which  form  a  plexus  immediately 
beneath  the  corium  :  from  this  fine  cafjillary  vessels  pass  into  the  paiiillae.  forming, 
in  the  smaller  papillje,  a  single  capillary  loop,  but  in  the  larger  a  more  or  less 
convoluted  vessel.  There  are  numerous  hpnphatk\^  sup]died  to  the  skin  which 
foiTfi  two  networks,  superficial  and  deep,  communicating  with  each  other  and  with 
those  of  the  subcutaneous  tissue  by  ob]ir[iie  branches.  They  originate  in  the  cell- 
spaces  of  tbe  tissue- 

The  nerve»  of  the  skin  terminate  partly  in  the  epidermis  and  partly  in  the  cutis 
vera.  The  fonner  form  a  dense  plexus  in  the  superficial  layer  of  the  corium, 
which  extends  horizontally  and  gives  off"  numerous  fibrils;  these  are  prolonged 
into  the  epidermis,  and  terminate  between  the  cells,  either  in  bulbous  extreniiiies* 
or  in  a  network  ;  or,  according  to  some  observers,  in  the  deep  epithelial  cells  them- 
selves. The  latter  terminate  in  end-bulbs,  touch-corpuscles,  or  Pacinian  bodies 
in  the  manner  already  described ;  and,  in  addition  to  these,  a  considerable 
number  of  fibrils  are  distributed  to  the  hair-follicles,  which  are  said  to  entwine 
the  follicle  in  a  circular  manner.  Other  nerve-fibres  are  supplied  to  the  plain 
muscular  tissues  of  the  hair-muscles  (arrectores  pili)  and  to  the  muscular  coat  of 
the  blood-vessels.     These  are  probably  non-medullated  fibres* 

The  appendages  of  the  skin  are  the  nails,  the  hairs,  the  sudoriferous  and 
sebaceous  glands,  and  their  ducts. 

The  nails  and  hairs  are  peculiar  modifications  of  the  epidermis,  consisting 
essentially  of  the  same  cellular  structure  as  that  tissue. 

The  nails  are  flattened,  elastic  structures  of  a  horny  texture,  placed  upon  the 
dorsal  surface  of  the  terminal  phalanges  of  the  fingers  and  toes.  Each  nail  is 
convex  on  its  outer  surface,  concave  within,  and  is  imfdanted  by  a  portion,  calletl 
the  rooty  into  a  groove  in  the  skin  ;  the  exposed  portion  is  called  iheimdif^  and  the 
anterior  extremity  \he  free  edtje.  The  nail  has  a  very  firm  adhesion  to  the  cutis, 
being  accurately  moulded  upon  its  surface,  as  the  e]>idermis  is  in  other  i>arts.  The 
part  of  the  cutis  beneath  the  body  and  root  of  the  nail  is  called  the  matrix,  because 
it  is  the  part  from  which  the  nail  is  produced.  Con-esponding  to  the  body  of  the 
naih  the  matrix  is  thick,  and  covererl  with  large,  highly  vascular  pa  pi  1  he,  arranged 
in  longitudinal  rows,  the  color  of  which  is  seen  through  the  transpaj'cnt  tissue. 
Behind  this,  near  the  root  of  the  nail,  the  papilla  are  small,  less  vascular,  and 
have  no  regular  arrangement,  and  here  the  tissue  of  the  nail  is  somewhat  more 
opaipie;  hence  this  portion  is  of  a  whiter  color,  ami  is  called  the  luftuln  on 
account  of  its  shape. 

The  cuticle,  as  it  passes  forward  on  the  dorsal  surface  of  the  finger  or  toe,  is 
attached  to  the  surface  of  the  nail,  a  little  in  advance  of  its  root ;  at  the  extremity 
of  the  finger  it  is  connected  with  the  under  surface  of  the  nail  a  little  behind  its 
free  edge.  The  cuticle  and  horny  substance  of  the  nail  (both  epidermic  structures) 
are  thus  directly  continuous  with  each  other.  The  nails,  in  structure,  consist  of 
cells  having  a  laminateil  arrangement,  and  these  are  essentially  similar  to  those 
composing  the  epidermis.  The  deepest  layer  of  cells,  which  lie  in  contact  with 
the  papilhe  of  the  matrix,  are  of  elongated  form,  arranged  perpendicularly  to  the 
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8iir£M!e:  those  which  succeed  them  are  of  a  rouinied  or  polygonal  form, 
the  more  saperficial  ones  becoming  broad,  thin,  and  flattened,  and  m 
closely  compacted  aa  to  make  the  lira  its  of  eaclj  eell  very  indistinct. 
It  ii*  by  the  successive  growth  of  new  cells  at  the  root  and  under  surface 
of  the  body  of  the  nail  that  it  advances  forward  and  main ta inn  a  due  thickness, 
whilst,  at  the  same  time,  the  growth  of  the  nail  in  the  proper  direction  is  secured. 

these  cells  in  their  turn   become    displaced  by  the  growth  of  new  cells,  they 

e  a  flattened  form,  their  nuclei   become  indis^tinct,  and  they  finally  become 

compacted  together  into  a  firm,  dense,  horny  texture.     In  cfievncal  eotn- 

the   nails  resemble  epidermis.      According  to   Mulder,  they   contain   a 

ewhat  larger  proportion  of  carbon  and  .sulphur. 

The  hairs  are  peculiar  modifications  of  the  epidermis,  and  consist  essentially 
of  the  same  structure  as  that  membrane.  They  are  found  on  nearly  every  part  of 
the  surface  of  the  body,  excepting  the  palms  of  the  hands,  soles  of  the  feet,  and 
the  penis.  They  vary  much  in  length,  thickness,  and  color  in  different  parts  of 
the  body  and  in  different  races  of  mankind.  In  some  ])art8,  ns  in  the  skin  of  the 
eyelids,  they  are  so  short  as  not  to  project  beyond  the  follicles  containing  them  ; 
ID  other  parts,  as  upon  the  scalp,  they  are  of  considerable  length:  again,  in  other 

Krts,  as  the  eyelashes,  the  hairs  of  the  pubic  region,  and  the  male  whiskers  and 
»rd.  they  are  remarkable  for  their  thickness.  The  hairs  generally  present  a 
cylindrical  or  more  or  less  flattened  form  and  a  reniform  outline  upon  transverse 
section. 

A  hair  consists  of  a  root,  the  part  implanted  in  the  skin;  the  shaft  or  stem,  the 
portion  projecting  from  its  surface;  and  the  point. 

The  root  of  the  hair  presents  at  its  extremity  a  bulbous  enlargement,  which  is 
whiter  in  color  and  softer  in  texture  tlian  the  shaft,  and  is  lodged  in  a  follicular 
involution  of  the  epidermis  called  the  htiir-foiIieh\  When  the  hair  is  of  consider- 
able length  the  follicle  extends  into  the  subcutaneous  areolar  tissue.  The  hair- 
follicle  commences  on  the  surfiice  of  the  skin  with  a  funnel-shaped  opening,  and 
passes  inward  in  an  oblii|ue  direction  to  become  dilated  at  its  deep  extremity,  to 
correspond  with  the  bulbous  condition  of  the  hair  which 
it  contains.  It  has  opening  into  it,  near  its  free  ex- 
tremity, the  orifices  of  the  ducts  of  one  or  more  seha- 
ceous  glands  (Fig.  Ii8),  At  the  bottom  of  each  hair- 
follicle  is  a  small  conical  vasciihir,  eminence  or  pnpiUa, 
similar  in  every  respect  to  those  found  upon  the  sur- 
face of  the  skin  :  it  is  continuous  with  the  dermic  layer 
of  the  follicle,  is  highly  %ascular  and  supplied  with 
nervous  fibrils ;  this  is  the  part  through  which  mate- 
rial is  supplied  for  the  production  ami  eonstant  growth 
of  the  hair.  In  structure  the  hair-folliele  consists 
of  two  coats — an  outer  or  dermic^  and  an  inner  or 
'epidermic. 

The  mder  or d^frmie  C0H,t  is  formed  mainly  of  fibrous 
tissue:  it  is  continuous  with  the  corium,  is  highly 
vascular,  and  supplied  by  numerous  minute  nervous 
fibiraents.  It  consists  of  three  layers  (Fig.  61^).  The 
most  internal,  next  the  cuticular  lining  of  the  follicle, 
consists  of  a  hyaline  basement-membrane,  Imving  a 
glassy,  transparent  appearance,  which  is  well  marked 
in  the  larger  hair-follicles,  but  is  not  very  distinct  in 
the  follicles  of  minute  hairs.  It  is  continuous  with  the 
"basement-membrane  of  the  surf\ice  of  the  corium. 
External  to  this  is  a  hiyer  of  s[iindle-shaped  cells, 
arranged  in  a  circular  manner  around  the  follicle  and 
imbedded  in  a  somewhat  fibrous  matrix,  but  reaching  only  as  high  as  the 
eDtrance  of  the  ducts  of  the  sebaceous  glands.     Externally  is  a  thick  layer  of 
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Fio,  6!»,— Trans  verse  section 
of  hnir-folliclf.  1.  tK>rmic  cttat 
or  folltoltf,  2.  EpirknuJc  coat  or 
root-slieaUi.  a.  Outer  layer  of 
dermie  coat^  with  t>l«>tKl-veii*<?ls* 
b,b,  Vei<selR€Utacro?».  c  Middle 
layer,  d,  hiner  tjr  hyidirie  layer, 
f.  'Outer  rool-eheath.  f,  g.  Inner 
rtwi-Hhealli.  h.  Cutiefe  of  riKit- 
s heath.  (\  Hair  (From  Qualn'a 
Avattmi]^,  Bie«fiide€kl.) 
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connoctivo  tissue,  arrant^ed  in  longitiulinal  bundles, 
blood-vessels  and  nerves. 

The  huwr  or  tpidcnme  layer  is  closely  adherent  to  the  root  of  the  hsiir,  so 
that  when  the  hair  is  plucked  from  its  follicle  this  layer  mo^t  commonly  adheres 
to  it  and  forms  what  is  called  the  root-fskeath  It  consists  of  two  strata,  named 
respectively  the  outer  and  inner  raot-sheath  ;  the  former  of  thc^se  corresponds  with 
the  ilalpighian  layer  of  the  epidermis,  and  resembles  it  in  the  roiMided  form  and 
soft  character  of  its  cells;  at  the  bottom  of  the  hiiir-follide  these  eells  become  con- 
tinuous with  those  of  the  root  of  the  hair.  The  inner  vfjot-sheath  eonsists  of  a 
delicate  cuticle  next  the  hair;  then  of  one  or  two  layers  of  horny,  flattened, 
nucleated  cells,  known  as  Huxief/H  layer ;  and  iinally  of  a  single  layer  of  non- 
nucleated,  horny,  llattened  cells,  called  Ilenie's  lat/er. 

The  hair-follicle  contains  the  rorit  of  the  hair,  which  terminates  in  a  btilbous 
extremity,  and  is  excavated  so  as  to  exactly  fit  the  papilla  from  which  it  grows. 
The  liulb  is  C(un posed  of  polyhedral  epithelial  cells,  which  as  they  pass  upward 
into  the  root  of  the  hair  become  elongated  and  spindle-shaped,  except  some  in  the 
centre  which  remain  polyhedral.  Some  of  these  latter  cells  contain  pigment- 
granules,  which  give  rise  to  the  color  of  the  hair.  It  occasionally  happens  that 
these  pigment-granules  completely  fill  the  eells  in  the  centre  of  the  bulb,  which 
gives  rise  to  the  dark  tract  of  pigment  often  found,  of  greater  or  less  length,  in 
the  axis  of  the  hair. 

The  likaft  of  the  hair  consists  of  a  central  pith  or  medulla,  the  fibrous  part  of 
the  hair,  and  the  cortex  externally.  The  medulla  occupies  the  centre  of  the  shaft 
and  ceases  toward  the  point  of  the  hair.  It  is  usually  wanting  in  the  fine  hairs 
covering  the  surface  of  the  body,  and  commonly  in  those  of  the  head.  It  is  more 
opaque  and  deeper  colored  when  viewed  by  transmitted  light  than  the  fibrous  part; 
but  when  viewed  by  reflected  light  it  is  white.  It  is  composed  of  rows  of  poly- 
hedral cells,  which  contain  air-bubbles.  The  fibrous  portion  of  the  hair  consd- 
tiites  the  chief  part  of  the  shaft ;  its  cells  are  elongated  and  unite  to  form  flattened 
fusifiirm  fibres.  Between  the  fibres  are  found  mintite  spaces  which  contain  either 
pigment-grnnules  in  dark  hair  or  minute  air-bubbles  in  white  hair.  In  a<hiit]on 
to  this  there  is  also  a  diffused  pigment  contained  in  the  fibres.  The  eells  which 
form  the  cortex  of  the  hair  consist  of  a  single  layer  which  siirrouinls  those  of 
the  fibrous  part;  they  are  converted  into  thin,  flat  scales,  having  an  imbricated 
arrangement. 

Connected  with  the  hair-follicles  are  minute  bundles  of  involuntary  muscular 
fibres,  termed  iTrrertores  pili.  They  arise  from  the  superficial  layer  of  the  coriiim, 
and  are  inserted  into  the  outer  suiface  of  the  hair-foliicle,  below  the  entnince  of 
the  duct  of  the  sebaceous  gland.  They  are  placed  on  the  side  toward  which  the 
hair  slopes,  and  by  their  action  elevate  the  hair  (Fig.  6^). 

The  sebaceous  glands  are  small,  sacculated,  glandular  organs,  lodged  in  the 
substance  of  the  cerium-  They  are  found  in  most  parts  of  the  skin,  hut  are  most 
abundant  in  the  scalp  and  fiice:  they  are  also  very  numerous  around  the  apertures 
of  the  anus,  nose,  mouth,  and  external  ear;  but  are  wanting  in  the  patms  of  the 
hands  and  soles  of  the  feet.  Each  gland  consists  of  a  single  duct,  more  or  less 
capacious,  which  terminates  in  a  cluster  of  small  secreting  pouches  or  saccules. 
The  saeculi  connected  with  each  duct  vary,  as  a  rule,  in  numbers  from  two  to  five, 
but,  in  some  instances,  may  be  as  many  a«  twenty*  They  are  composed  of  a 
transparent,  c^dorless  membrane,  enclosing  a  number  of  cells.  Of  these  the  outer 
layer  nr  marginal  cells  are  small,  polyhedral,  e|iithelial  cells,  continuous  with  the 
lining  cells  of  the  duct.  The  remainder  of  the  sac  is  filled  with  larger  cells,  con- 
taining fat,  except  in  the  centre,  where  the  cells  have  become  broken  up,  leaving 
a  cavity  containing  the  d<?bris  of  cells  and  a  mass  of  fiitty  matter,  which  consti- 
tutes the  sebaceous  secretion.  The  orifices  of  tlie  duets  open  most  frequently  into 
the  hair-follicles,  but  occasionally  iiprui  the  general  surface.  On  the  nose  and  face 
the  glands  are  of  large  size,  distinctly  lobulated,  and  often  become  much  enlarged 
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from  the  accumulation  of  pent-up  secretion.     The  largest  sebaceous  glands  are 
those  found  in  the  eyelids — ^^the  Meibmniau  glands. 

The  sndoiiferous  nr  sweat  glands  are  the  organs  by  which  a  large  portion  of 
the  aqueous  and  gaseous  materials  are  excreted  by  the  skin.  They  are  found  in 
almost  every  part  of  this  structure,  and  are  situated  in  small  pits  in  the  deep  parts 
of  the  corium,  or,  more  frequently,  in  the  subcutaneous  areolar  tissue,  surrounded 
by  a  quantity  of  adipose  tissue.  They  are  small,  lobular,  reddish  bodies,  consist- 
ing of  a  single  convoluted  tube,  from  whicli  the  efferent  duct  proceeds  upward 
through  the  corium  and  cuticle,  becomes  somewhat  dilated  at  its  extremity,  and 
opens  on  the  surface  of  the  cuticle  by  an  oblique  valve-like  aperture.  The  efferent 
duct,  as  it  passes  through  the  epidermis,  presents  a  sjiiral  arrangement,  being 
twisted  like  a  corkscrew^  in  those  parts  where  the  epidermis  is  thick  :  where,  how- 
ever* it  is  thin,  the  spiral  arrangement  does  not  exist.  In  the  superficial  layers 
of  the  corium  the  duct  is  straight,  but  in  the  deei>er  layei*s  it  is  convoluted  or  even 
twisted-  The  spiral  course  of  these  ducts  is  especially  distinct  in  the  thick  cuticle 
of  the  palm  of  the  hand  and  sole  of  the  foot.  The  size  of  the  glands  varies. 
They  are  especially  large  in  those  regions  where  the  amount  of  perspiration  is 
great,  as  in  the  axillae,  where  they  form  a  thin,  raammillated  layer  of  a  reddish 
color,  which  corresponds  exactly  to  the  situation  of  the  hair  in  this  region;  they 
are  large  also  in  the  groin.  Their  number  varies.  They  are  most  numerous  on 
the  palm  of  the  hand,  presenting,  according  to  Krause,  2800  orifices  on  a  square 
inch  of  the  integument,  and  are  rather  less  numerous  on  the  sole  of  the  foot.  In 
both  of  these  situations  the  orifices  of  the  ducts  are  exceedingly  regular,  and  cor- 
respond to  the  small  transverse  grooves  which  intersect  the  ridges  of  the  papillae. 
In  other  situations  they  are  more  irregularly  scattered,  but  in  nearly  ecjual  num- 
bers* over  parts  including  the  same  extent  of  surface.  In  the  neck  and  back  they 
are  least  numerous,  their  number  amounting  to  417  on  the  square  inch  (Krause). 
Their  total  number  is  estimated  by  the  same  writer  at  2,381,248,  and,  supposing 
the  aperture  of  each  gland  to  represent  a  surface  of  -^  of  a  line  in  diameter,  he 
calculates  that  the  whole  of  these  glands  would  present  an  evaporating  surface  of 
about  eight  srjuare  inches.  Each  gland  consists  of  a  single  tube  intricately  con- 
Tolated^  terminating  at  one  end  by  a  blind  extremity,  and  opening  at  the  other 
end  upon  the  surface  of  the  skin.  In  the  larger  glands  this  single  duct  usually 
divides  and  subdivides  dichotomously ;  the  smaller  ducts  ultimately  terminating  in 
short  c^cal  pouches,  rarely  anastomosing.  The  wall  of  the  duct  is  thick,  the 
width  of  the  canal  rarely  exceeding  one-third  of  its  diameter.  The  tube,  both  in 
the  gland  and  where  it  forms  the  excre- 
tory duct,  consists  of  two  layers — an 
outer,  formed  by  fine  areolar  tissue,  and 
inner    layer    of    epithelium.      The 

^rnal  or  fibro-celhilar  coat  is  thin, 
continuous  with  the  superficial  layer  of 
the  corium,  and  extends  only  as  high 
as  the  surface  of  the  true  skin.  The 
epithelial  lining  in  the  distal  part  of  the 
coiled  tube  of  the  gland  proper  consists 
of  a  single  layer  of  cubical  epithelium. 
supported  on  a  basement  membrane,  and 
beneath  it,  between  the  epithelium  and 
p  lh»  fifcro-cel  1  u  1  a r  coat,  there  is  a  layer  of 
pmipure  usually  regarded  as  plain  tuus- 
eiilftr  fibres,  arranged  longitudioally.  In 
the  duct  and  the  proximal  part  of  the 
coiled  tube  of  the  gland  proper  there 
are  two  or  more  layers  of  polyhedral 
cells,  lined  on  their  internal  surface — /.  e.  next  the  lumen  of  the  tube — by  a  deli- 
cate membrane  or  cuticle,  and   on   their  outer  surface  by  a  limiting  membrana 


Fig.  70. —Coiled  tube  of  a  8Weat-glan4  cut  in  vari- 
ous directions,  a.  I^mgltucUnal  scctlonof  theproxi* 
mal  part  of  tht"  niiled  tube.  6.  Tninsverst^  setnkm  of 
the  same.  r.  Lonicituclliml  section  of  the  distal  part  of 
the  colled  tube.  d.  Tmn»ver»e  section  of  the  &ame. 
(From  Klein  and  Noble  Smith's  AUnn  o/  HiMnlogy,\ 
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propria,  but  there  arc  no  muscular  fibres.  The  epithelium  is  continuous  with  the 
epidermis  and  with  the  delicate  internal  cuticle,  which  is  all  that  is  present  in  the 
epidermic  portion  of  the  tube.  When  the  cuticle  is  carefully  removed  from  the 
surface  of  the  cutis,  these  convoluted  tubes  of  epithelium  may  be  drawn  out  and 
form  Bhurt,  thread-like  processes  on  its  under  surface. 

The  contents  of  the  smaller  Bweat-glands  are  quite  fluid;  but  in  the  larger 
glands  the  contents  are  serai-lluid  siud  upaque,  and  contain  a  number  of  colored 
granules  and  cells  which  appear  analogous  to  epithelial  cells. 


SEBOUS  MBMBEAFBS. 

The  serous  membraEes  form  shut  sacs  and  may  be  regarded  as  lympb-sacs, 
from  which  lymphatic  vessels  arise  by  atomata  or  openings  between  the  efjithelial 
cells  (see  page  80),  The  sac  consists  of  one  portion  which  is  applied  to  the  walls 
of  the  cavity  which  it  lines — the  par  let  al  ])ortion  ;  and  another  reflected  over  the 
surface  of  the  organ  or  organs  contained  in  the  cavity^ — the  visceral  portion. 
Sometimes  (be  sac  is  arranged  quite  simply,  as  the  tunica  vaginalis  testis  ;  at  others 
with  numerous  involutions  or  recesses,  as  the  peritoneum,  in  which,  nevertheless, 
the  membrane  can  always  be  traced  continuously  around  the  whole  circumference. 
The  sac  is  completely  closed,  so  that  no  communication  exists  between  the  serous 
cavity  and  the  parts  in  its  neighborhood.  An  apparent  exception  exists  in  the 
peritoneum  of  the  female ;  for  the  Fallopian  tube  opens  freely  into  the  peritoneal 
cavity  in  the  dead  subject,  so  that  a  bristle  can  be  passed  from  the  one  into  the  other. 
But  this  communication  is  closed  duriug  life,  except  at  the  moment  of  tlie  passage 
of  the  ovum  out  of  the  ovary  into  the  tube,  as  is  proved  by  the  fact  that  no  inter- 
change of  fluids  ever  takes  place  between  the  two  cavities  in  dropsy  of  the  perito- 
neum or  in  accumulation  of  fluid  in  the  Fallopian  tubes.*  The  serous  membrane 
is  often  supported  by  a  firm,  fibrous  layer,  as  is  the  case  with  the  pericardium,  and 
such  membranes  are  sometimes  spoken  of  as  "^^  libro-serous.'' 

The  various  serous  membranes  are  the  peritoneum,  lining  the  cavity  of  the 
abdomen;  the  two  pleurae  and  the  pericardium,  lining  the  lungs  and  heart  respec- 
tively ;  and  the  tuniciXJ  vaginales,  surrounding  each  testicle  in  the  scrotum.' 
Serous  membranes  are  thin,  transparent,  glistening  structures,  lined  on  their  inner 
surface  by  a  single  layer  of  polygonal  or  pavement  endothelial  cells,  supported 
on  a  matrix  of  fibrous  connective  tissue,  with  networks  of  fine  elastic  fibres,  in 
which  is  contained  numerous  capillaries  and  lymphatics.  (Jn  the  surface  of  the 
endothelium  between  the  cells  numerous  apertures  or  interruptions  are  to  be  seen. 
J>ome  of  these  are  stomata,  snrrounded  by  a  ring  of  cubical  epithelium  (see  Fig. 
12),  and  communicating  with  a  lymphatic  cajullary  (see  p.  8G);  others  (pseudosto* 
jfiftfa)  are  mere  interruptions  in  the  epithelial  layer,  and  are  occupied  by  pro- 
cesses of  the  branched  coonective-tissue  corpuscle  of  the  subjacent  tissue  or  by 
accumulations  of  the  intercellular  cement-substance. 

The  secretion  of  these  membranes  is,  in  most  cases,  only  sufficient  in  quantity 
to  moisten  the  surface,  but  not  to  furnish  any  appreciable  quantity  of  fluid.  When 
a  small  quantity  can  be  collected,  it  appears  to  resemlde  in  many  respects  the 
lymph,  and  like  that  fluid  coagulates  spontaneously  ;  but  when  secreted  in  large 
quantities,  us  in  droj>sy,  it  is  a  watery  fluid,  which  gives  a  preciijitate  of  albumen 
on  boiling. 

SYNOVIAL   MEMBEANEB. 

SynoTial  membranes,  like  serous  membnines,  are  connective-tissue  membranes 
placed  between  two  movable  tissues,  so  as  to  diminish  friction,  as  between  the  two 
articular  ends  of  the  bones  forming  a  movable  joint;  between  a  tendon  and  a 

^The  commiintcation  between  the  uterine  carity  and  the  peritoneal  ftac  u  not  nnly  apparent  in 
the  dead  puljj*x't,  hiu  is  an  anatomical  fact,  which  is  estabUshed  by  the  continuity  of  its  epithelium 
wilii  that  covering  the  uterus.  Fn!lopian  tiil>ej*,  and  tiinbrife, 

'  The  arachnojii  nicinliranc,  lininpf  the  brain  :ind  spinal  cord  was  formerly  regarded  a/=i  a  seroos 
membrane,  but  is  now  no  long<?r  t'lawsiMl  with  ihem,  im  it  ditlers  from  them  in  structure,  aud  does  not 
fnmi  u  .^but  aae  as  do  the  other  seroui*  membranes 
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bone,  where  the  former  glides  over  the  latter ;  and  between  the  skin  and  various 
subcutaneous  bony  promioences. 

The  synovial  membranes  are  composed  essentially  of  connective  tissue,  con- 
taining numerous  vessels  and  nerves.  It  was  fonnerly  supposed  that  these  mem- 
branes were  analogous  in  structure  to  the  serous  membranes,  and  consisted  of 
a  layer  of  flattened  cells  on  a  basement-membrane.  No  such  cells,  however, 
exists  and  the  only  ones  found  on  the  s^urface  are  irregularly  branched 
eonnective-tissue  corpuscles,  similar  to  those  found  tbroughout  tiie  tissue.  Here 
and  there  these  cells  are  collected  in  patches  and  present  the  appearance  of  epi- 
thelium, but  do  not  possess  the  true  characters  of  an  endothelial  layer.  Thev 
are  surrounded  and  held  together  by  an  albuminous  ground-substance*  A 
farther  description  of  the  synovial  membranes  will  be  found  in  the  descriptive 
anatomy  of  the  joints. 


MUCOUS   MEMBEANE. 

Mucous  membranes  line  all  those  passages  by  wbicb  the  internal  parts  com- 
municate with  the  exterior,  and  are  continuous  with  the  skin  at  the  various  orifices 
t*f  the  surface  of  the  body-  They  are  soft  and  velvety,  and  very  vascular,  and 
their  surface  is  coated  over  by  their  secret  ion  *  rnueu»^  which  is  of  a  tenacious  con- 
sistence, and  serves  to  protect  them  from  the  foreign  substances  introduced  into 
the  body  with  which  they  are  brought  in  contact* 

They  are  described  as  lining  the  two  tracts — the  gastro-pulmonary  and  the 
genito-urinary ;  and  all,  or  almost  all,  raucous  membranes  may  be  classed  as 
belonging  to  and  continuous  with  the  one  or  the  other  of  these  tracts. 

The  external  surfaces  of  these  membranes  are  attached  to  the  parts  which  they 
line  by  means  of  connective  tissue,  which  is  sometimes  very  abundant,  forming  a 
lf>ose  and  lax  bed,  so  as  to  allow  considerable  movement  of  the  opposed  surfaces 
on  each  other.  It  is  then  termed  the  mihrnueoiis  tissue.  At  other  times  it  is 
exceedingly  scanty,  and  the  nieti)brane  is  closely  connected  to  the  tissue  beneath ; 
sometimes,  for  example,  to  muscle,  as  in  the  tongue;  sometimes  to  cartilage,  as 
in  the  larvnx;  and  sometimes  to  bone,  as  in  the  nasal  fiissje  and  sinuses  of  the 
skull.       '  . 

In  structure  a  mucous  membrane  is  composed  of  conum  and  t'pilJH'Uttrfh  The 
epithelium  is  of  various  forms,  including  the  s«|uamous,  columnar,  and  ciliated, 
and  is  often  arranged  in  several  layers  (see  Fig.  11).  This  epithelial  layer  is 
supported  by  the  corium,  which  is  analogous  to  the  derma  of  the  skin,  and  con- 
of  connective  tissue,  either  simply  areolar  or  containing  a  greater  or  less 
untity  of  lymphoid  tissue.  This  tissue  is  usually  covered  un  its  external  surface 
by  a  transparent  structureless  basement-membrane,  and  internally  merges  into  the 
submucous  areolar  tissue.  It  is  only  in  some  situations  that  the  basement-mem- 
brane can  be  demonstrated.  The  corium  is  an  exceedingly  vascular  membrane, 
containing  a  dense  network  of  ca|(illaries,  which  lie  immediately  beneath  the 
epithelium,  and  are  derived  from  small  arteries  in  tbe  t^ubmucous  tissue. 

The  fibro-vascular  layer  of  tlie  corium  contains,  besides  the  areolar  tissue  and 
vessels,  unstriped  muscle-cells,  whicb  fonn  in  many  situations  a  definite  layer, 
called  the  mtufeularin  mutumt^.  Tbese  are  situated  in  the  deepest  part  of  the  mem- 
brane, and  are  plentifully  supplied  with  nen^es.  Other  nerves  pass  to  the  epi- 
thelium and  terminate  between  tbt*  cells.  Lymphatic  vessels  are  found  in  great 
abundance,  commencing  either  by  ca?cal  extremities  or  in  networks,  and  cmn- 
municating  with  plexuses  in  the  submucous  tissue. 

Imbedded  in  the  mucous  membrane  are  found  numerous  glands,  nnd  project- 
ing from  it  are  processes  (villi  and  papilhe)  analogous  to  the  papillte  of  the  skin. 
These  glantis  and  processes,  however,  exist  only  at  certain  parts,  and  it  will  be 
[>re  convenient  to  defer  their  description   to  the  sequel,  where  the  parts  are 

cribed  as  they  occur. 
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SECEETma   GLANDS, 


The  secreting  glands  are  or^L^suis  \s iitnse  cells  manufacture  a  secretion  of  a  more 
or  less  definite  composition,  the  material  for  the  secretion  being  primarily  sclt?cted 
from  the  blood.  The  essential  parts,  therefore,  of  a  secretins^  gland  are 
evUs^  which  have  the  power  of  extracting  from  the  blood  certain  matters, 
and  in  some  cases  converting  tbem  into  new  chemical  compounds ;  and  blood- 
lu'suds,  by  which  the  blood  is  brought  into  close  relationship  with  these  cells. 
The  general  arrangement  in  all  gtecretirig  structures— that  is  to  say,  not  only 
in  secreting  glands,  but  also  in  secreting  membranes — is  that  the  cells  are 
arranged  on  one  surface  of  an  extra  vascular  basement-membrane,  which  supports 
them,  and  a  minute  plexus  of  capillary  vessels  ramifies  on  the  other  suiface  of  the 
membrane.  The  cells  then  extract  from  the  blood  certain  constituents  which  pass 
through  the  mendirane  into  the  cells,  where  they  are  prepared  and  elaborated* 
The  basement-membrane  dries  nnt,  however,  always  exist,  and  any  free  surface 
would  appear  tu  answer  the  same  purpose  in  some  cases. 

By  the  various  modifications  of  this  secreting  surface  the  different  glands  are 
formed.  This  is  generally  eifected  by  an  invagination  of  the  membrane  in  different 
ways,  the  object  being  to  increase  the  extent  of  secreting  surface  within  a  given 
bulk. 

In  the  simplest  form  a  single  invagination  takes  place,  constituting  a  simpie 
gland  ;  this  may  be  either  in  the  form  of  an  open  tube  (Fig.  71,  a),  or  the  walls 
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Fto.  71.— Ittftffmmmwiic  plan  of  vaHeUes  of  «ecretln|r  gliinds.    a.  Simple  gland,    n.  Saeeulftti?<3  simple  gland, 
c.  Simple  convoluted  tubular  glAiid.    u,  e.  Kucemose  gluiid-    f.  Compound  tubulur  glAud. 

of  the  tube  may  be  dilated  so  as  to  form  a  saccule  (Fig,  71,  b).  These  are  named 
the  mnph'  tulndaror  saceuhir  glands.  Or,  instead  of  a  short  tube,  the  invagination 
may  be  lengthened  to  a  considerable  extent,  and  then  coiled  up  to  occupy  less 
space.  This  constitutes  the  simple  fanvofufed  tttbftlar  gland,  an  example  of  which 
may  be  seen  in  the  sweat-glands  of  the  skin  (Fig,  71,  c). 

If,  instead  of  a  single  invagination,  secondary  invaginations  take  place  from 
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the  primary  one,  as  in  Fig.  71,  D  and  E,  the  gland  is  then  termed  a  compound 
one.  These  secondary  invaginations  may  assume  either  a  saccular  or  tabnlar  form, 
and  so  constitute  the  two  subdivisions — the  compound  saccular  or  racemose  gland, 
and  the  compound  tubular.  The  racemose  gland  in  its  simplest  form  consists  of  a 
primary  invagination  which  forms  a  sort  of  duct,  upon  the  extremity  of  which  are 
found  a  number  of  secondary  invaginations  called  saccules  or  alveoli,  as  in  Brun- 
ner's  glands  (Fig.  71,  d).  But,  again,  in  other  instances,  the  duct,  instead  of  being 
simple,  may  divide  into  branches,  and  these  again  into  other  branches,  and  so  on  ; 
each  ultimate  ramification  terminating  in  a  dilated  cluster  of  saccules,  and  thus  we 
may  have  the  secreting  surface  almost  indefinitely  extended,  as  in  the  salivary 
glands  (Fig.  71,  e\  In  the  compound  tubular  glands  the  division  of  the  pri- 
mary duct  takes  place  in  the  same  way  as  in  the  racemose  glands,  but  the  branches 
retain  their  tubular  form,  and  do  not  terminate  in  saccular  recesses,  but  become 
greatly  lengthened  out  (Fig.  71,  f).  The  best  example  of  this  form  of  gland  is  to 
be  found  in  the  kidney.  All  these  varieties  of  glands  are  produced  by  a  more  or 
less  complicated  invagination  of  a  secreting  membrane,  and  they  are  all  identical 
in  structure ;  that  is  to  say,  the  saccules  or  tubes,  as  the  case  may  be,  are  lined 
with  cells,  generally  spheroidal  or  columnar  in  figure,  and  on  their  outer  surface 
is  an  intimate  plexus  of  capillary  vessels.  The  secretion,  whatever  it  may  be,  is 
eliminated  by  the  cells  from  the  blood,  and  is  poured  into  the  saccule  or  tube,  and 
so  finds  it  way  out  through  the  primary  invagination  on  to  the  free  surface  of  the 
secreting  membrane.  In  addition,  however,  to  these  glands,  which  are  formed  by 
an  mvagination  of  the  secreting  membrane,  there  are  some  few  others  which  are 
formed  by  an  evagination  or  protrusion  of  the  same  structure,  as  in  the  vascular 
fringes  of  synovial  membranes.  This  form  of  secreting  structure  is  not  nearly  so 
frequently  met  with. 


ORIGIN  AND  DEVELOPMENT  OF  THE  BODY. 


THE  wbole  body  is  developed  out  of  the  ovum  (Fig.  72)  when  fertilized  by  the 
sperm atozoon,  the  ovum  being  merely  a  simple  nucleated  cell.  All  the 
comj>licatcd  changes  by  which  the  various  intricate  organs  of  the  whole  body  are 
formed  from  one  gjmple  cell  may  be  reduced  to  two  general  processes — viz,  the 
segmnifadon  or  deavdiie  of  cells,  and  their  differentiation.  The  former  process 
consists  in  the  splitting  of  the  nucleus  and  its  surrounding  protopliism,  whereby 
the  original  cell  u  represented  by  two.  The  differentiation  of  cells  is  a 
term  used  to  describe  that  unknown  power  or  tendency  impressed  on  cells 
which,  to  all  methods  of  examination  now  known,  seem  absolutely  identieah 
whereby  they  grow  into  different  f(>rm3 ;  Sf>  that  (to  take  the  first  instance 
which  occtirs  in  the  growth  of  the  embryo)  the  indifferent  celh-*  of  the  vascular  area 
are  differentiated,  some  of  them  into  fjlood-globules,  others  into  the  solid  tissue 
which  forms  the  blood-vessels.     The  extreme  complexity  of  the  process  of  develop- 
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Fio.  72.~CK'uiii  of  thciow,  Fia.  73,~Hwmaii   ovum  from  a  roid- 

dle-slzid    folik-!e.     MagnifiiMl  350  timM. 
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ment  renders  it  at  all  times  difficult  to  aescnbe     ^  Extenmi    hi^nh^r  of  the  yoiit  aad 

.    ,    11*    -1  1  J      ^*ii  •  11-1  iniemal   iKumer  of  the    vHellfne  mem- 

It   intelligibly,  ana  still    more   so  m   a  work    like      bmne.    e.  Uunalnal  vmIcI©  and  ««rmi- 

this,  where  adequate  space  and   illustration  can     °*^  ^^^' 
hardly  be  afforded,  having   respect  to  the  main 

purpose  of  the  work.  I  can  only  hope  to  render  the  leading  features  of  the  pro- 
cess tolerably  plain,  and  must  refer  the  reader  who  wishes  to  follow  the  various 
changes  more  minutely  to  the  special  works  on  the  subject,  and  especially  the 
works  of  Minot  and  Hertwig.  Many  of  the  Btatements  which  are  accepted  in 
human  embryology  are  ma*le  only  on  the  strength  of  observations  on  the  lower 
animals,  many  stages  in  the  development  of  the  human  embryo  being  yet  unknown 
to  us. 

The  ovum  is  a  small  spheroidal  body  situated  in  immature  Graafian  vesicles 
near  their  centre,  but  in  the  mature  ones  in  contact  with  the  membrana  granulosa  * 
at  that  part  of  the  vesicle  which  projects  from  the  surface  of  the  ovary*  The  cells 
of  the  membrana  granulosa  are  accumulated  round  the  ovum  in  greater  number 
than  at  any  other  part  of  the  vesicle,  forming  a  kind  of  granular  zone,  the  discus 
proi/tjerua. 

The  human  ovum  (Fig.  73)  is  extremely  minute,  measuring  from  -^^-^  ^^r^Tf  ^^ 
an  inch  in  diameter.  It  is  a  cell  consisting  externally  of  a  transparent  envelope, 
the  zona  peJlucida  or  vitelline  memhrane.  Within  this,  and  in  close  contact  with 
it,  is  the  celt-protoplasm  containing  granules  of  yidk  or  viteUus  ;  imbedded  in  the 

'  See  the  description  nf  the  ovary  at  a  future  page* 
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substance  of  the  yolk  is  a  small  vesicular  body,  the  germinal  vesich  (vcMtt'le  of  Pur- 
kinjc)^  the  nucleus  of  the  cell ;  and  this  contains  as  its  nucleolus  a  small  spot,  the 
macula  germinativa^  or  germmal  gpot  of  Wagner. 

The  zona  pellucida,  or  vitelliiie  membrane,  is  a  thick,  colorless,  transparent  raeni- 

iDe,  which  appears  under  the  microscope  as  a  radially  striated  membrane, 
bounded  externally  and  internally  by  a  dark  outline.  The  strife  art*  believed  to 
be  minute  pores,  and  are  regarded  as  the  channels  by  which  nutritive  part  idea 
are  admitted  into  the  interior  of  the  ovTim,  and  possibly  the  way  by  which  the 
aperroatozoa  gain  access  into  the  interior  of  the  ovum,  after  the  rupture  of  the 
Graafian  follicle.  The  presence  of  these  strite  has  given  to  the  zona  pellucida 
the  name  of  zona  radtata,  or  striated  membrane  of  the  ovum» 

The  yolk  consists  of  granules  or  globules  of  various  sizes  imbedded  in  a  finely 
reticulated  matrix  of  protoplasm.  The  smaller  granules  resemble  pigment;  the 
larger  granules,  which  are  in  the  greatest  number  at  the  periphery,  resemble  fat- 
globules.  In  the  human  ovum  the  number  of  granules  is  comparatively  small. 
Before  and  immediately  after  fertilization  the  cell  protoplasm  shows  distinct 
movements  of  contraction  and  expansion. 

The  germinal  vesicle  consists  of  a  fine,  transparent,  structureless  membrane 
containing  a  clear  matrix,  in  which  are  occasionail3^  Ibund  a  few  granules.  It  is 
about  Y^  t^f  ^D  i^t'h  in  diameter,  and  in  immature  ova  lies  nearly  in  the  centre 
of  the  yolk ;  but  as  the  ovum  becomes  developed  it  approaches  the  surface  and 
enlarges  somewhat. 

The  germinal  spot  occupies  that  part  of  the  periphery  of  the  germinal  vesicle 
which  is  nearest  to  the  periphery  of  the  ovum.  It  is  opaque,  of  a  yellow  color, 
and  finely  granular  in  structure,  measuring  from  ^^^  to  t^^^^  of  an  inch. 

The  phenomena  attending  the  discharge  of  the  ova  from  the  Graafian  vesicles, 
since  they  belong  as  much  or  more  to  the  ordinary  function  of  the  ovary  than  to 
the  general  subject  of  the  growth  of  the  body,  are  described  with  the  anatomy  of 
the  ovaries  on  a  subsequent  page. 

Either  before  its  escape  from  the  Graafian  follicle  or  immediately  after,  the 
orum  undergoes  a  peculiar  change,  which  results  in  the  formation  of  one  or  more 
peculiar  bodies,  the  polar  globules  of  Robin,  and  also  of  another  body,  which 
is  named  the  ^*  female  pronucleus/'  The  manner  in  which  these  bodies  are 
developed  from  the  germinal  vesicle  is  briefly  as  follows :  Usually  before  the 
rupture  of  the  Graafian  follicle,  but  after  the  ovum  has  become  mature  or  ripe, 
a  portion  of  the  germinal  vesicle  with  a  small  amount  of  surrounding  protoplasm 
is  protruded  oufeide  the  yolk,  but  still  remains  within  the  vitelline  membrane ; 
this  forms  a  small  globular  mass  and  constitutes  the  first  polar  globule.  After 
a  time,  generally  not  till  the  ovum  has  entered  the  tube,  a  second  protrusion  of  a 
portion  of  the  germinal  vesicle  takes  place,  anil  forms  a  second  polar  globule. 
We  have  thus  about  threeHjuarters  of  the  germinal  vesicle  extruded  from  the 
yolk  and  about  one-quarter  remaining  behind,  and  at  the  ejection  of  each  of  these 
bodies  a  visible  shrinking  of  the  yolk  takes  place.  The  portion  of  the  germinal 
vesicle  which  remains  behind  recedes  from  the  surface  toward  the  centre  of  the 
yolk  and  assumes  a  spherical  form,  and  is  now  termed  the  '^  female  pronucleus."* 
All  these  changes,  it  must  be  understood,  occur  at  each  expulsion  of  an  ovum*  and 
are  qtiite  independent  of  fecundation. 

The  first  changes  in  the  ovum  which  take  place  at  the  time  of  conception 
appear  to  be  as  follows:  A  spermatozoon  penetrates  the  ovum,  and  comes  into 
contact  with  the  portion  of  the  germinal  vesicle  remaining  in  the  ovum»  It 
seems  as  if  this  normally  occurs  in  the  Fallopian  tube.^  but  it  is  possible  that  it 
sometimes  occurs  before  the  ovum  has  entered  the  tube,  or  after  it  has  passed 
through  the  tube  and  reached  the  cavity  of  the  uterus  ;  abnormally  it  may  even 

*Mftnr  physiologiBti!,  us  Btschoff  atid  Dr.  M.  Barry,  taught  that  the  ovum  is  fecundated  in  the 
orarv,  btit  the  reason inict  of  Dr,  Allt'ii  l'horo*M)n  uppeiirs  very  cogent  in  proving;  that  the  iisywl  spot 
al  wbicb  the  spermatozoa  met- 1  the  ovum  it»  in  llietuhe,  down  which  it  slowly  /ravels  to  the  uterus,  in 
tte  course  becomingf  surrounded  by  an  albuminou*  envelope  derived  from  the  walk  of  lite  tube. 


Frn,  7-7 —First  stages  of  sejnnenUtlon  of  h  rnammalijiii  oviira;  semi -d  ingrain  in  at  ie,  (PTom  a  drawltttc  t>r 
Alien  Thrimsnn,)  *.  jl».  Zonu  iH-tluridji,  p.  {ft  IVilur  K''^litil«»-  ix.  rpfH.'T  ti'lL  /.  l>i\ver  cell.  «.  Btvlpslou  tuto 
iWiJ  spheiVA,  6.  8ttiK*-*  t»f  four  aphfre*.  r.  Ki^hl  M|*lK-re&.»  the  iipiJter  ivUk  jiartiiilly  fmiswiiig  the  UtwvT  will*, 
d.  r.  ^4u  treed  I  UK  i^tii^t^s  of  segmentation,  showing  Ihe  inoTc  rapid  uivJi 
of  tlie  lower  ctllf.  by  them. 


vittlon  m  the  up'ix?r  eella  iind  the  enelueure 


Split  up  into  two  nuclei ;  so  that  it  now  consiata  of  two  separate  masses  of  proto- 
plasm, each  containing  a  nucleus,  situated  within  the  original  vitelline  membrane, 

'  If  the  t^lndent  refers  to  the  developinenl  of  ilie  generative  or^ns,  he  will  find  that  the 
ovum  of  tlie  female  and  the  sperm  atoK*>oii  of  the  mule  are  derivad  from  f tint  lam  en  tally  the  sjime 
Ktrui-'iures,  and  therefore  their  fasiort  is  the  union  of  two  elements  of  very  aimilar  morphological 
value. 


i 


SEGMENTATION   OF   OVUM. 

whieh  takes  no  part  in  tbis  process  of  division.  Then,  each  of  tbese  two  daughter 
elementa  divides  in  like  manner,  and  thus  four  ruu'leated  elements  are  formed, 
and  80  on,  until  at  length  a  inulberry-like  agglomeration  of  nucleated  masses  of 
protoplasm  results  (Fig.  75).     These  masses  are  sometimes  termed  segmentation 

The  manner  in  which  segmentation  occurs  is  somewhat  peculiar.  The  two 
spheres  resulting  from  the  first  cleavage  are  of  unequal  size.  i>ne,  which  for  the 
sake  of  diiiitinction  we  will  call  the  upper  celi  is  larger  than  the  other,  the  lower 
cell.  Aiul  after  they  have  divided  three  or  four  times  the  rate  of  cleavage  in 
the  spheres  derived  from  the  upper  segment  becomes  more  rapid  than  in  those 
derived  from  the  lower  segment.  In  addition  to  this,  the  sphereB  derived  from 
the  upper  segment  have  a  tendency  to  spread  over  and  enclose  those  from  the 
lower  segment ;  so  that  by  about  the  ninth  or  tenth  division  there  is  an 
external  layer  of  spheres  derived  from  the  primary  upper  segment  surround- 
iDg  and  almost  enclosing  a  mass  of  spheres,  which  in  consequence  of  their 
dimiDisbed  rate  of  cleavage  are  fewer  in  number  and  larger  in  sixe,  derived  from 
the  primary  lower  segment  (Fig,  76,  a).     Fluid  collects  between  the  two  sets  of 


Fto,  7«.— OT\mi  of  the  raliblt  &t  the  t-nd  of  the  procefts  of  aejgraentatkm. 
cellf  bp.  Place  where  the  outer  cell*  have  uot  yel  covered  the  inner  cells. 
beneden.) 


oc.   Outer  cells,     ic.    Inner 
(From  Balfour,  Hfler  Ed.  van 


spheres,  except  at  one  part,  where  they  remain  in  contact,  and  the  ovum  is  con- 
verted into  a  sac,  formed  by  a  layer  of  spheres  derived  Wmn  the  upper  primary 
segment,  and  containing  at  one  part  another  masi^  of  spheres  rlerived  from  the 
lower  primary  segment  (Fig.  76,  b).  The  inner  cells  are  rather  more  granular 
than  the  outer,  beneath  which  they  gradually  spread,  becoming  applied  over  a 
part  of  their  inner  surface  in  a  single  layer ;  so  that  the  cavity  is  afterward 
enclosed  more  or  less  completely  in  a  double  layer  of  cells. 

The  ultimate  destination  of  the  outt-rmost  complete  layer  of  spheres  is  at 
present  doubtful.  That  portion  of  it  which  covers  the  inner  cells  is  believed  to  he 
transitory  and  to  gradually  disappear  in  the  course  of  formation  of  the  various 
layers  of  the  blastodermic  vesicle,  while  the  remainder  forms  the  outer  layer 
(epiblast)  of  this  vesicle.     Ailopting  this  view,  the  ovum  would  consist  of  a  cavity 

irrounded  by  (1)  a  layer  of  cells  completely  lining  the  interior  of  the  vitelline 

Bembrane,  and  (2)  by  a  second   layer  itttenial   to  these  and  partially  lining  the 
interior  of  the  outer  layer,  both  sets  of  cells  derived  from  the  segmenliition  of  the 
The  sphere  formed  by  this  double  layer  of  cells  is  called  the  *'  hhistoder- 

lic  vesicle/ 
At   first  the  area   of   the  hlustodermic   vesicle,    which   eonsists  of   both    the 
inner  and  outer  layers  of  cells,  is  a  small  disk,  in  which   the  first  traces  of  the 

MbryQ  are  seen ;  hence  it  is  called  the  gfrminal  disk  or  urea  genmnativa  (Fig. 
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DE  VEL  OPMENT. 


77)*  The  first  trace  of  tlie  embryo  appears  us  a  faint  streak  at  the  posterior 
end  of  the  area  geriuinativa,  called  the  primf'tive  traet\  After  the  formation  of 
the  primitive  trace,  but  previous  to  the  appearance  of  the  next  parts  of  the 
embryo,  presentlv  to  be  described — viz,  the  laminae  dorsales  and  the  notochord 
— the  blastodermic  membrane  consists  of  only  two  layers,  the  epibhuft  and  ht/po- 

bhift,  but  after  tbe  formation  of  tbes^e  structures 
a  third  layer  makes  its  a|)pea ranee.  This  is  the 
rtJcsoltlasU  and  is  situated  between  the  other  two 
(Fig.  78).  Tbe  epi blast  of  the  germinal  disk  is 
formed  of  the  most  superficial  layers  of  the  inner 
cells  which  were  exposed  by  the  disap]>earjince 
of  the  outer  cells,  whicii  originally  covered  tbem, 
the  remaining  epiblast  of  tbe  blastodermic  vesi- 
cle being  probably  tbe  persistent  outer  cells, 
while  the  hypoblast  is  formed  by  the  rest  of  the 
inner  cells.  In  the  region  of  the  primitive  trace 
the  epiblast  and  hypoblast  fuse  together,  and 
from  tbe  sides  of  this  line  of  fusion  cells  grow 
out  laterally  into  the  space  between  the  epiblast 
and  hypoblast  to  form  the  mesobhist,  a  further 
formation  of  this  layer  also  taking  place  at  tbe 
margin  of  the  germinal  disk.  The  blastoderntic 
membrane  tfms  comes  to  consist  of  three  layers:  The  external,  which  used  to  be 
called  the  serous  layer,  but  is  now  more  commonly  termed  the  epiblmt^  or  ecto- 


Fl8j.  7 


-Ovum  with  the^enuinal  aro«, 
«een  ill  pn>fllii?  Uishnw  tlie  divisinn  fjf  the 
blastodermic  membmne,  L  VUelline 
raembrone,  2.  Blasloderin.  3.  Gtrmimil 
ft  pen.  4.  Plftce  wbere  I  he  blastodenn  ii 
just  divided  into  its  two  lAjrers. 


"jor  part  nf  the  mrdullttry  pirmve  of  an  larly  enibQu  of  the  iriilnea  pig.  (By 
«i.)    tp.  FoMs  (if  t'plblaHt  Hslnj?  upon  either  &ide  of  the  middle  liULMind 


Frc,  7ft.— Bci'tiim  avto^^  '^ 
Schftfer,    From  QuainV 

IhuB  iKJundinff  tbe  mediu  m.^r 'Middb^  of  na-duUiir)'  Kroovts  hy.  H>  pobliiBt^  wbieb  is  in  c-onlact  with 

the  inwIuUerv  c'piblH,«it  wi  ,,».  ,.,.,i.j.<.'  of  tbe  grome,  but  i*  elsewhere  ^eparttl^fl  from  it  by  mesoWost,  r»,  which 
h«*  burrowed  forward  Jxtvveen  tbe  two  priuiiirv  layers.  A  elen  is  seen  in  the  ineiiobliist  ux\  either  side;  iht^  is 
the  eom  men  cement  of  the  anterior  jmrt  of  the  body-cavity. 


derm  :  the  internal,  the  mucous  layer,  the  kt/poblast,  or  entoderm  ;  and  the  middle, 
which  h  now  usually  cfiiled  the  mesobhut  or  mesodernu  hut  which  was  formerly 
named   the  '*  vsLseuhir  layer/' 

Tbe  epibla^f  is  mainly  concerned  in  the  formation  of  the  external  cuticle  and 
the  whole  nf  the  nervous  ^iystem.  It  consists  of  cells  of  jin  epithelial  character; 
that  h  to  say,  eelb  of  an  irrei^idar  cnluninar  shape,  formings  for  the  most  part,  a 
single  stratutn,  but  becoming  more  numerous  and  flattened  at  the  germinal  disk. 
The  epidermis  of  the  body  and  all  the  involntion.s  of  the  epidermic  in  the  ducts  of 
superficial  glands,  as  the  mammse*  as  well  a§  the  brain,  the  spinal  cord,  the  nerves, 
and  the  portions  of  the  nnse,  eye,  and  ear,  which  are  directly  formed  from  the 
brain-^  are  developetl  from  it.  The  external  layer  of  the  amnion  is  also  foiToed 
from  the  epiblast,  and  |>robably  also  a  portion  of  the  chorion. 

The  hj/pobh»t  is  mainly  concerned  in  forming  the  internal  efdthelium — viz. 
that  of  tbe  whole  alimentary  passages  except  the  raotith  and  a  small  portion  of  the 
rectum  near  the  anus  (which  are  formed  by  involutions  of  the  epiblast);  that  of 
the  respiratory  tract,  which  is  originally  an  offset  from  the  alimentary  canal  ;  and 
the  epithelium  of  all  the  glandular  organs  ivhich  open  into  the  intestiniil  tract. 
The  hypoblast  forma  also  the  deeper  layer  of  the  umbilical  vesicle  and  ullantois. 


of 


— DiaffTftin*  to  show  the  development  of  ihe  three  layef*  ofttie  blaatodeniiic  inenibnine  on  tmnsverae 
.irtion  oTihv  ovum  with  the  zoim  jiolliirifjii iinrt  the  icerralnttl  hten.  B  <.-  D  E  F  a.  IiitTireiU  itsM 
lit,  o.  rmbiliciil  veskile.  a.  Amuum.  i.  Iiitcslliir.  p,  Feritoneal  tavity,  bmnnJed  by  Die 
ipiiiuviin.  . ..  uml  and  gomatopk-iiml  layers  uf  mesoblasL  L  ViU'lline  membrniie.  2.  Exu^niul  l>liusiurJemilc 
la7«r  3.  Middle  layer.  4.  JnlcriiAl  Inycr.  5.  Mt'dullRry  lamiine  and  groove.  5'.  MecliiUar>'  cuiml,  fi.  Epi- 
dermic lamliiap,  7,  Lateral  fold*  of  the  amnlun.  V.  The  «?tttne  almost  lu  coutaet.  8.  Internsl  epithelial 
layer  of  ill e  amnion.  D,  Epldt'rmls  of  the  embrjo,  10,  ('hordti  dorealis,  U.  Vertebral  lamlnse-  12.  f'Totover- 
tbont  pro]f»er.  13.  Muscular  lamina.  H.  Lateral  lamiriie.  Lx  i? plane hnopleiiro.  16,  Somatc^pleurev 
17.  &pianchooplcufe  of  the  nmbilieal  vesicle.  1«.  Mu&cle  piste,  UK  ExternAl  layer  of  the  «!i»matopleure. 
30.  Intenuii  I*yer  of  LhG  same.    2L  Mesentery.    22.  Sphinehnopleure  of  the  intt«tlne. 


•Tfce  dotted  lines  indieate  the  paru  belonfrlnn?  lo  the  Internal  blantodermle  layer;  the  plahi  lines,  those 
belonxlog  ^  ^1^^  middle:  the  Interrupted  lines,  thoi^e  beloitgiuK  b)  the  extertml.  The  embryo  bus  Iwen  repre- 
MDtM,  In  thii  and  the  following  diagram,  lying  on  itM  biirk.  The  uaturnl  ptj^Utun  in  gt;tierally  assumed  lo  be 
the  revene. 

All  the  rest  of  the  embryo  is  formed  from  the  niesoblast — viz.  all  the  vascular 


Fig.  80.* — Diagrams  to  show  the  developmeut  of  the  three  hlii>>toclermic  layors  on  luiiern-ixJiiilerioT  lectton.  A 
pyjrtioii  of  ovum  wUh  ihe  vJtelliiu'  memhmiK.'  and  gemiiiiiil  areti.  B  C  D  E  F.  VHrjous  Mtipi's  of  development 
G.  Ovum  in  the  uterus  mid  fornnitimi  tjf  dotidua,  I.  Viidliive  membmne.  2.  Exttrmil  Mrtsttddermic:  layer,  2*. 
Vesietila  ttenwsii.  X  Middle  Idrt^hMknnii^  luyer*  4.  IiiU-nml  layer,  5.  Vestige  of  Thv  future  i'lubrjo,  b.  Ceph- 
alie  flexure  of  the  Amniotic  7.  Ciuidal  llexure.  8.  Sp^i-l  wht-R-  the  nmiiiou  iind  vesleula  seroKii  are  eonllnuotis, 
»'.  Poaterior  uniblllcui.  9.  Cardiao  csvity.  10.  Solanebnuploure  Idyer  nf  the  iimbUleal  vesiele.  IL  Somato- 
jjleure  layer  of  the  tttnnion.  V2,  InlernBJ  loytr  tifthe  liUstinlrnn  ftirmiiiK  the  iiitt^tint*,  13.14.  External  laver 
of  the  plaeeiUA,  i-xtt^ndinx  to  thf  inner  surfac-e  of  the  vesieuhi  seTosa.  I'*,  The  j^tinie,  tu*w  ermijiletely  appllvii  lo 
the  iiirit-T  jsurAirc' of  tlie  wsiru la  scrota.  Ifi,  rtiil>ili«*a!  cord.  17.  Cmblliea!  vewiels.  IH.  Amnion,  ID,  tTiorkni, 
•3h  Ktjptal  pUeoiita.  21,  .Mueon^  membrane  of  utcrui,  ^.Maternal  plaeenia.  2H.  Decidua  retlexft.  24,  Mti*- 
cular  wall  iff  utL-nis.  

*  The  jsame  iiole  appllet  to  lliii  u  to  the  preceding  diftKT&m. 


developed  from  the  hypoblast.     The  vascular  system  of  the  frctiis  extends  to  the 
yolk  and  the  maturual  parts  along  the  umbilical  vesicle  and  allantois,  so  that  the 


topmeDt  proceeds, 

'he  first  real  approach  toward  a  definite  form  in  the  embryo  is  made  (1)  by 
levelopment  of  the  central  nervous  system  ;  (2)  by  the  cleavage  of  tlje  m id- 
ay  er  of  the  blastodermic  membrane  into  a  series  of  segments  ;  and  (3)  by 
leTelopment  of  an  axial  embryonic  skeletal  structure,  the  notochord. 
•"irst*  a  folding  apof  the  cells  of  tlie  epiblast  or  outer  layer  takes  place.  This 
Dences  id  the  anterior  part  of  the  art*a  germinativa,  and  extends  in  the  same 
rtion  as  the  primitive  trace,  gradually  enclosing  this  latter  until  it  is  lost 
le  caudal  extremity  of   the  embryo  (Fig.  81).      This  folding  up  of  the  epi- 

gives  rise  to  a  longitudinal  groove  down  its  centre,  in  consequence  of  the 
aer  in  which  the  cells  of  the  epiblast  are  hea]*ed  up  into  two  longitudinal 
ss,  with  a  furrow  between  them,  so  that  the  sides  and  base  of  the  groove  are 
ed  of  epiblastic  cells  (Fig.  82,  a).  The  mcsoblast,  lying  between  the  epiblast 
hypoblast,  fills  up  the  space  thus  caused  between  these  two  lay  erg,  so  that 
idea  of  th  e  g  r  oo  v  e  a  re  occ  u  p  i  ed  by  a  1  on  g  i  t  u  d  i  n  a  1  thick  en  i  ng  o  f  m  es  o  bl  as  t ;  t  h  e 
nasses  being  i^separated  at  the  bottom  of  the  groove  by  the  junction  of  the 
ast  and  hypoblast  at  the  situation  of  the  primitive  trace.  The  groove  becomes 
BY  and  deeper  in  consetjuence  of  the  further  growing  up  of  the  cells  to  form 
idge  on  either  side.  In  this  way  the  ridges  eventually  beconje  two  phites,  the 
rwp  dormlt's  or  rnedulhirt/  platen^  which  finaily  coalesce  and  thus  form  a  closed 

the  neural  eanal^  lined  by  epiblast  and  having  a  covering  of  die  same  mem- 
e  (Fig.  82).  These  membranes  are  at  first  in  contact  with  one  another,  but 
tnally  become  separated,  mesoblastic  structures  growing  up  between  them,  and 
ine  of  coalescence  becomes  obliterated,  Tbe  coalescence  first  Uikm  place  in 
niddle  of  the  embryo,  then  toward  the  cephalic  end,  and  lastly  at  the  caudal 
?mity.  The  lining  of  this  tube  is  developed  into  tbe  nervous  centres,  the 
ring  into  the  epidermis  of  the  back  and  bead.  The  cephalic  extremity  of 
Qeural  canal  is  soon  seen  to  he  more  dilated  than  the  rest,  and  to  present 
trietions  dividing  it  imperfectly  into  three  chambers:  the  brain  is  developed 

this  dilated  portion;  the  .spiiuil  cord  takes  its  origin  from  tbe  remainder  of 
tube.  Below  tbe  nenral  canal  the  hypoblast  and  ejii blast  are  in  contact, 
rating  the  two  longitudinal  thickenings  of  niesoblasl  on  either  side  of  the 
L  Here  a  thickening  of  the  hypoblast,  commencing  from  the  anterior  end  of 
miDitive  trace,  takes  place,  and  gradually  Beparates  itself  off  from  the  bypo- 
,  lying  between  this  membrane  and  the  epiblast  below  the  bottom  of  the  neural 
L  This  is  known  as  the  }i(ttochord  or  r/ionia  dorHalh.  This  when  fully 
toped,  ftirms  a  cimtinuous  rod-shaped  body  lying  below  the  primitive  groove 
composed  of  clear  epithelium*like  cells.      It  is  essentially  an  embryonic  struc- 


protovertebnu  the  mesobln 
into  two  layers*  the  upper,  or  that  cuvered  by  ej>ihlast,  is  called  nomatopfeHre^  and 
the  lower,  lined  by  hypobhist,  the  splancknopkun*  (Fig.  82,  B,  a-5').     From  the 


Fir.  81— Embryonfc  areii  of  the  ovum  of  n  rabbit  at  the 
seventh  flA>%  tip.  Kriibrvotiie  tirva.  o»  o.  Hi't^Um  of  the 
bl«fit(jHit?rmi(j  vedcle  ImniL'diAtely  surrounding  the  embry 
onic  area,  pr.  Primitive  strealc.  rf.  Metlullaj'y  grooYe 
(From  Kolliker) 

fonner  the  skeleton  mnscles  and  true  ^kin  of  the 
external  parts  of  the  body  are  derived,  from  the  lat 
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Fig,  82.— Trans  verse  sectloni 
throngh  the  embryo-chick  before 
ami  some  time  after  the  cbTsurv  of 
the  medullary  eaiial,  to  »how  the 
Ufmanl  and  downweni  inflections 
of  the  blastjoderm.  (Alter  licmak,) 
A.  At  the  end  of  tht*  hrst  day.  I. 
Niitochord.  2.  rnmilive  groove  Id 
the  roedu  llarj'  oamiL  3.  Edge  of  the 
dorsal  lamina.  4.  Epiblant.  5.  Me«> 
blojtt  divided  in  its  inner  part.  6. 
Hypoblaiil.  7.  !*ection  ofprivioverte- 
brnl  plate,  b.  On  ihe  third  day  In 
thtj  lumbar  rcKlon.  L  N(>tochor<l  in 
lU  Rh*.>ath.  'J.  Medullarv  ratial  now 
cloned  in.  'i.  8ectlon  of  the  meduJ- 
hir>'  fiiibslanee  of  the  .«ip»tnat  cord. 
■*,  Epibliist.  f>.  ftumaieipleiire  of 
the  mesuhlast.  .V.  SplanchDopleure 
(tjiie  tJgure  is  jdnced  In  the  pleum- 
pc^riluneal  eavUvL  il.  Layers  of  hy- 
lM^bkst  ill  the  (ntesittnes  spreadinf 
n  1  wo  o ve  r  I  h  e  y ol  k .  -*  >:  5.  Pn  rt  of  the 
fkjld  of  the  am n bin  formed  by  e|*i- 
bla$l  and  Hmiaiopleure. 


Fig.  83,— niAgrammatic  «ectlon  ihroiiji^h  the  ovum  of  a  mam' 
mal  in  the  long  axi«  uf  the  embryo  r.  The  crantn-verteljra!  axis 
I,  I,  The  eenhalitr  and  caudal p*rUon^tjftlie  primitive  alimentary 
canaL  a.  The  amnion,  «',  The  point  of  rehertjnn  into  the  Ailse 
amnion,  r,  Ytdk-sac,  commnnbntiiiK  vvEth  the  middle  imrt  of 
the  intestine  by  r  i,  the  vUeilo  intesikial  dncl,  «.  The  ariaiitoi&. 
The  ovum  is  surrounded  exterually  by  the  vllloui*  chorb>n. 


aplly  compared  t€  a  canoe  turned  overJFig.  83). 


tei%  the  muBCular  and  other 
mesoblastic  portions  of  the  vis- 
cera. The  space  between  them 
is  the  comninn  |ileiiio-pentoneal 
cavity.  Whibt  the  parietes  of 
the  body  are  still  uncbascfl,  this 
comninn  pleuro-peritoueal  cav- 
ity is  continuous  with  the  space 
between  the  amnion  and  cho- 
rion, as  seen  in  Fig,  7^,  F.  The 
enVbryo,  which  at  first  seems  to 
be  a  nicTO  streak,  extends  longi- 
tudinally and  laterally.  As  it 
grows  forward  the  ce|>balic  end 
becomes  remarkably  curved  on 
itself  (cephalic  tlexure),  and 
a  smaller  but  distinct  flexure 
takes  place  at  its  hinder  end 
(caudal  flexure).  At  the  same 
time  the  sides  of  the  embryo 
grow  and  curve  toward  each 
other;  so  that  the  embryo  is 
In  consequence  of  this  incurv- 
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ing  of  the  embryo,  both  in  an  antero-posterior  and  a  lateral  direction,  the  original 
l^ttttQ,  with  the  three  layers  derived  from  the  cleavage  of  the  bhistodermic  mem- 
Dtmoe  which  cover  it,  is  converted  into  a  sort  of  hour-glass  shape  with  two  unequal 
globes.  The  smaller  globe  is  formed  by  the  part  of  the  blastodermic  membrane 
(area  germinativa)  which  has  already  undergone  certain  changes  in  the  fonnatioa 
of  the  embryo,  and  constitutes  the  part  which  has  been  comj^ared  to  a  canoe.  The 
larger  globe  is  callefl  the  tjolk-mc  or  umbilical  vesiele^  and  is  formed  by  the  rest  of 
the  blastodermic  membrane — /.  t\  that  part  which  is  not  concerned  in  the  formation 
of  the  area  germinativa.  The  two  freely  commonicate  through  the  constriction 
which  is  the  site  of  the  future  umbilicus,  and  through  this  conatriction  the  internal 
layer  of  the  blastodermic  membrane  (the  hypoblast)  and  the  innermost  of  the  two 
layers  into  which,  as  has  been  already  stated,  the  mesoblast  divides — viz.  thesplanch- 
nopleure,  pass  out;  the  incurving  having  only  involved  the  somato-pleural  layer  of 
the  mesoblast  and  the  epiblast  (Fig.  84).     The  umbilical  vesicle  is,  therefore,  at 
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Flif.  84.— niagrammatic  set'tJmi  of  embryo,  showing  tli«  fonnatlon  of 
the  umbUieai:  vesicle. 


;  a  mere  part  of  the  general  cavity  of  the  yolk,  partly  enclosed  by  the  embryo; 
but  as  the  latter  grows  round  un  all  sides  toward  the  umbilical  aperture,  the 
yolk  becomes  distinguished  into  two  portions.  One  lies  inside  the  embryo,  and 
eventually  forms  a  part  of  the  intestinal  cavity  (out  of  which  also,  as  will  here- 
after be  seen,  the  bladder  is  develuped).  The  other  lies  external  to  the  embryo 
and  remains  therefore  for  a  time  a  part  of  what  is,  in  a  more  restricted  sense, 
the  ovum.  The  two  parts  are  almost  separated  from  each  other  by  the  meeting 
of  the  abdominal  walls  of  the  embryo  at  the  umbilicus,  through  which  they 
still  cumraunicate  by  a  passage,  the  omphalo-meseiderie  duet,  the  ilestination  of 
which  will  be  pointed  out  presently.  The  extra^emhryonic  portion  is  of  small 
importance  and  very  temporary  duration  in  the  human  subject,  It  is  for  the 
purpose  of  supplying  nutrition  to  the  embryo  during  the  very  earliest  period, 
before  it  can  obtain  it  from  the  uterine  sinuses  of  the  mother-  In  the  oviparous 
animals,  however,  where  no  supply  of  nutrition  can  be  obtained  from  the 
mother,  since  the  e^^  is  entirely  separated  from  her,  the  yolk-sac  is  large  and 
of  great  importance,  as  it  supplies  nutrition  to  the  chick  during  the  whule  of 
fietation.  Vessels  developed  in  the  middle  blastodermic  layer  soon  cover  the 
umbilical  vesicle,  forming  the  ragcuhfr  area,  the  chief  vessels  of  which  are  the 
amphalo-me^eiiferic^  two  in  number  (Fig.  85).  The  vessels  of  this  area  appear 
to  absorb  the  fluid  of  the  umbilical  vesicle,  wliich  as  the  fluid  is  absorbed  dries  up 
and  has  no  further  function.  The  activity  of  the  umbilical  vesicle  ceases  about 
the  fifth  ur  sixth  week,  at  the  same  time  that  the  allantois,  which  is  the  great  bond 


l: 


Tio,  85.— Mngnifled  view  of  the  human  t  mbrju  (if  fom  iih  IW  nuTnhmnea  openetL    iFrom  Leish- 

miLniii  nfter  Cc3«te.)  p.  The  umbHical  vesicle  with  the  uiii|>luiJo  lULScurerie  vessels,  v.  and  its  long  tuhiiJjLr 
attaehmeiit  to  the  intestine,  e.  The  villi  of  the  chorion,  m.  The  amnkm  opened,  w.  Cul-tle-sac  of  the  alUo- 
toi»,  and  un  eJich  aide  of  this  the  umbilical  vessel  spassing  out  to  the  chorh>n.  In  the  embryo:  a.  The  eye.  e. 
The  eiiT-vesicle,  ft.  The  heart.  L  The  liver,  o.  Tne  iippor;  i>,  the  lower  limb.  u\  Wolffian  Ltody»  ill  front  of 
which  at^  the  mesentery  and  fold  of  int^tlne.    The  Wollliftn  duct  and  luhti^  are  not  repre«ented, 

itself,  while  the  allantoia  is  the  channel  whereby  it  is  nourished  from  the  uteriBe 
tissues.  The  umbilical  vesicle,  containing  fiuid,  remains  visible,  however,  up  to 
the  fourth  or  fifth  month,  with  its  pedicle  and  the  omphalo-iBesenteric  vessels. 
The  latter  vessels  become  atrophied  as  the  functional  activity  of  the  body  with 
which  they  are  conneeted  ceases. 
—  So  far  we  have  traced — (1)  the  segmentation  or  cleavage  of  the  yolk  into  a 
number  of  nucleated  cells  or  *^  spherules."  (2)  The  accumulation  of  fluid  within 
the  ovum,  and  the  arrangement  of  the  spherules  around  the  fluid  on  the 
internal  surface  of  the  vitelline  membnirie,  forming  a  second  membrane,  the 
*'  blastodermic  membrane/*  (3)  The  separation  of  the  blastodermic  membrane  into 
three  layers,  named,  from  within  outward,  the  **  hypoblast/'  the  '*  mesoblast,"  and 
the  "'  epiblast.'*  (4)  The  formation  of  an  elongated,  oval-shaped  disk,  called  the 
**area  germinativa.*'  (5)  The  apjjearinice  in  the  centre  of  the  area  germinativa  of 
a  delicate  line  or  furrow,  running  longitudinally,  and  called  the  •'  primitive  trace/* 
(6)  The  formation  of  a  distinct  groove  in  the  situation  of  this  primitive  trace, 
caused  by  the  growing-up  of  the  cells  on  either  side  of  it,  so  as  to  form  two  longitu- 
dinal ridges,  called  the  ''  laminae  dorsales/'  (7)  The  increase  ami  incurvation  of 
these  laminee  dorsales,  until  they  meet  behind,  enclosing  a  canal  lined  by  ejublast. 
The  canal  is  the  neural  canal,  and  from  the  e[ublast  which  lines  it  the  nervous 
centres  are  developed.  (8)  The  formation,  in  the  hypoblast  immediately  under  this 
canal,  of  a  cr^ntinuous  rod-shaped  body,  the  **  chorda  dorsalis,'*  or  **  notochord." 
(9)  The  formation  from  the  mesoblast,  on  either  side  of  the  notochord,  of  a  longi- 


J  of  the  embryo,  and  a  portion  outside  it ;  the  two  communicating  by  a  duct, 
omphalo-mesenteric  ''  duct.  The  portion  of  the  yolk-sac  external  to  the  body- 
j  is  termed  the  umbilical  vesicle,  and  provides  nutrition  to  the  embryo  until 
time  as  the  placenta  is  formed  ;  vessels,  developed  from  the  middle  blasto- 
ic  layer,  ramifying  over  it,  and  gradually  absorbing  its  contents.^ 
he  next  step  toward  a  clear  understanding  of  the  development  of  the  embryo 
have  a  proper  conception  of  the  manner  in  which  the  membranes  envelop- 
he  foetus  are  formed. 

he  membranes  investing  the  foetus  are  the  amnion,  the  chorion,  and  the 
luu  The  two  former  are  developed  from  foetal  structures,  and  are  proper  to 
Btns ;  the  latter  is  formed  in  the  uterus,  and  is  derived  from  the  maternal 
tares. 

lie  Amnion. — The  amnion  is  the  membrane  which  immediately  surrounds  the 
jTO.     It  is  of  small  size  at  first,  but  increases  considerably  toward  the  middle 

FaUe  amnion  or  chorion. 

\ 

ViUi  of 
chorion. 


Wolffian  body 
and  duet. 


.  86.— Diagram  of  a  tranaverae  section  of  a  mammalian  embryo,  showing  the  mode  of  formation  of  the 
I.  The  amniotic  folds  have  nearly  united  in  the  middle  line.  (From  Quain's  AiuUomy,  vol.  i.  pt.  1, 1880.) 
it,  blue;  meaoblast,  red :  hypoblast  and  notochord,  black. 

^gnancy,  as  the  foetus  acquires  the  power  of  independent  movement.    It  exists 
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ward  folds  commence  first  at  the  cephalic  extremity,  and  subsequently  at  the  caudal 
end  and  sides,  and  deepen  more  and  more,  in  conse(|uence  of  the  sinking  of  the 
einhryo  into  the  blastodermic  vesicle^  until,  gradually  approai-hing,  they  meet  one 
another  (Fig.  79,  E  7).  After  they  come  in  contact  they  fuse  together,  and  the 
septum  between  thera  disappears ;  so  that  the  inner  layer  of  the  cephalic  fold  becomes 
continuous  with  the  inner  layer  of  the  caudal  fold,  and  the  outer  with  the  out^r 
(Fig.  7^*,  F  7').  Thus  we  have  two  membranes,  one  formed  by  the  inner  layer  of  the 
fold^ — the  true  amnion — which  encloses  a  space  over  the  hack  of  the  embryo — the 
amniotic  raritf/  (Fig*  79,  F  and  lu  a) — containing  a  clear  fluid,  the  liquor  amnii,^ 
The  other,  the  outer  layer  of  the  fold— the/af*f<f  amnion — lines  the  internal  surface 
of  the  original  vitelline  membrane.  Between  the  two  is  an  interval,  which  of 
course  communicates  with  the  pleuro-jjeritoneal  cavity.  This  it  continues  to  do 
until  the  hiMly-walls  of  the  embryo  have  grown  up  and  coalesced  at  the  umbilicus. 
Then  the  amniotic  fold  is  carried  downward,  and  encloses  the  umbilical  cord,  by 
which  the  f^jctus  is  attached  to  the  placenta.  The  true  amnion — or,  as  it  is 
nsuully  called,  the  amnion — ^is  formed  of  two  layers,  derived  respectively  from 
the  epi blast  and  from  the  parietal  layer  of  the  mesoblast. 

The  amnion  is  at  first  in  close  contact  with  the  surface  of  the  body  of  the 
embryo,  but  about  the  fourth  or  fifth  week  fluid  begins  to  accumulate,  and  thus 
separates  the  two.  The  quantity  steadily  increases  up  to  about  the  sixth  month 
of  pregnancy,  after  which  it  diminishes  somewhat.  The  use  of  the  liquor  amnii  is 
believed  to  be  chiefly  to  allow  of  the  movements  of  the  foetus  in  the  later  stages  of 
pregnancy,  though  it  no  doubt  serves  other  purposes  also.  It  contains  about  1 
per  cent,  of  solid  matter,  chiefly  albumen,  with  traces  of  urea,  the  latter  possibly 
derived  from  the  urinary  secretion  of  the  feet  us. 

The  Chorion.— We  have  seen  that  in  the  formation  of  the  amnion  we  had 
two  layers  formed  out  of  a  reduplication  of  the  epibtast  and  outer  layer  of 
the  mesoblast:  one — the  trite  amnion — which  surrounds  the  embryo  and 
encloses  a  cavity  between  it  and  the  embryo — the  amniotie  cavitif ;  and  secondly, 
the  false  amnion,  which  lies  in  apposition  with  the  internal  surface  of  the 
vitelline  membrane,  and  is  continuous  at  its  perijihery  with  that  part  of  the 
original  epihlast  and  somatopleural  layer  of  the  mesoblast  which  did  not  enter 
into  the  formation  of  the  area  germinativa ;  and  thiit  between  these  two  layers 
there  is  a  space  (which  must  not  be  confounded  with  the  amniotic  cavity) 
which  communicates  with  the  pleuro-peritoneal  space,  and,  according  to  Dal  ton,  ^ 
contains  a  semifluid,  gelatinous  material.  The  chorion  is  formed  out  of  the 
vitelline  memhrane  with  the  false  amnion  and  its  peripheral  continuation  with 
the  external  layers  of  the  blastoderm  ;  but  the  exact  share  which  the  three  layers 
take  in  its  formation  is  at  present  uncertain.  By  some  embryologists  it  is 
believed  that  the  vitelline  membrane  during  the  rapid  growth  of  the  ovum 
becomes  attenuated,  and  finally  lost ;  by  others  it  is  thought  that  it  combines  with 
the  other  layers  to  form  the  chorion.  But,  whichever  is  true,  at  a  very  early 
period  of  gestation  cellular  processes  or  fringes  grow  outward  from  the  external 
surface  of  tlie  chorion,  and  have  been  likened  by  Dalton  to  tufts  of  seaweed. 
They  are  at  first  destitute  of  vessels,  and  are  of  simple  cellular  structure.  These 
fringes,  or  villi,  as  they  subsequently  become,  cover  at  first  the  whole  surface  of 
the  chorion  ;  but  as  development  progresses  and  the  placenta,  by  which  the 
extent  of  the  attachment  of  the  ovum  to  the  uterine  walls  is  to  be  limited,  is 
about  to  be  formed,  the  villi  are  not  further  developed  over  the  rest  of  the 
chorion,  but  are  confined  to  that  part  only  which  is  to  form  the  foital  portion 
of  the  placenta.  They  may,  however,  be  recognized  all  over  the  chorion  as, 
abortive  processes  during  the  whole  of  fa^tal  gestation. 

*  The  sfiident  should  be  cjireful  not  to  confound  tluB  cavity  with  that  formed  between  the  trut 
and  fttlse  {imnion,  wbie!i  cx>m!nunicat^  with  the  pleuro-peritoneal  cavity  of  the  embryo.  Tliis 
hitter  space  ought  with  niore  propriety  to  W  caMwi  the  *^flmniotie  eaviiy,**  since  it  Is  contained 
t>etween  the  layern  of  the  iininlon  ;  whereas  ilic  so  t-alletl  amniotic  t^vity  is  tiot  really  between 
the  layerH  of  the  amnion  nt  all,  but  between  the  inner  layer  of  the  amnion  and  the  body  of  the 
embryo. 
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fact,  remaining  attachetl  to 
the  surface  of  the  blastoderm 
(Fig,  87,  a).  As  the  forma- 
tion of  the  amnion  proceeds 
the  embryo  becomes  separated 
more  and  more  from  the  sur- 
face of  the  vesicle*  eventuallj 
being  united  with  it  only  by 
a  short  stalk  arising  from  its 
ventral  surface  (Fig.  87,  b). 
This  is  the  '*  belly  stalk/*  in 
the  interior  of  which  is  to  be 
found  the  umbilical  vesicle, 
which  has  been  carried  hack- 
ward  by  the  constriction 
which  produced  the  stalk,  and 
baa  been  reduced  to  a  small 
pyriform  vesicle  supported 
upon  a  long  pedicle*  This 
pedicle  is  connected  with  the 
digestive  tract  of  the  embryo, 
and  behind  its  attachment  a 
small  outgrowth  develops  from 
the  ventral  wall  of  the  intes- 
tine, and,  poshing  in  front  of 
it  the  splanchnopteure  which 
forms  the  outer  lining  of  the 
intestine,  extends  out  into  the 
belly  stalk  and  forms  what  is 
known  as  the  aHantois.  In 
some  animals  the  ullantoia  is 
a  hollow  project iun  and  is 
usually  styled  the  allantoic 
vtMle ;  but  in  most  mam- 
mals, and  especially  in  man, 
the    external    or    mesoblastic 

element  undergoes  great  development,  while  the  intern  til  or  hypoblastic  element 
undergoes  little  increase  beyond  the  body  of  the  embryo,  bo  that  it  is  very 
doubtful  whether  any  cavity  exists  in  the  allantois  beyond  the  limits  of  the 
umbilicus.  A  portion  of  the  allantoic  vesicle  within  the  body  cavity  is  eventu- 
ally destined  to  form  the  bladder,  while  the  remainder  forms  an  impervious  cord, 
the  araehm^  stretching  from  the  summit  of  the  bladder  to  the  urubilicug.  The 
belly  stalk  is  at  first  hollow,  its  cavity  being  continuous  with  the  pleuro-peritoncal 
cavity  of  the  embryo  (Fig.  87),  but  it  soon  becomes  solid  by  the  extensive  growth 
of  the  mesoblastic  tissue  which  it  contains.  Over  that  portion  of  the  wall  of  the 
blastodermic  vesicle  with  which  the  outer  end  of  the  belly  stalk  is  connected  the 
chorionic  villi,  already  referred  to,  reach  their  greatest  development,  this  being 
the  region  of  tlje  placeiita}  In  tlic  walls  of  the  allantois  vessels  arc  formed 
which  extend  their  branches  out  into  the  surrounding  mesoblast  and  intn  the 
chorionic  villi.  The  a!lantois,  accordingly,  though  much  reduced  in  mati  in 
comparison  with  the  lower  miimmals,  is  still  the  tract  along  which  the  vessels 
extend  which  convey  the  blood  of  the  embryo  to  the  foetal  chorion,  where  it  is 

■  In  some  animaLs  some  of  the  vessel  a  of  the  villi  of  the  chorioti  are  derived  from  tli«  yolk-^ae — 
thai  18  frofm  the  omphalo-mesenteric  vessels. 
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Fio.  87-— Diagrams  showing  \hit  formfttlon  of  the  belly  atalk. 
heavy  black  line  represt^nts  the  erobr>*f*nic  iKini»m  of  the  eplblnst, 
the  doited  portionii  and  broken  ILdcs  the  loeaoblasC,  and  the  inucir 
c^mtltiuous  Une  the  hypoblast 
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exposed  to  tlie  influence  of  the  maternal  lilood  eircylatincr  iti  tlie  decidua  of 
uterine  portion  of  the  placenta,  from  which  it  imbibes  the  matertuls  of  nutrinon, j 
and  to  which  it  gives  op  effete  material,  the  removal  of  which  is  necessary  for  it 
purification. 

The  BecMua.^ — The  growth  of  the  chorion  and  placenta  can  only  be  understood 
by  tracing  the  formation  of  the  decidua. 

The  decidua  (Figs.  80  u,  88)   is  formed  from   the  mucous  membrane  of  tliel 
uterus.    Even  before  the  arrival  of  the  fecundated  ovum  in  the  uterus  the  mucous 

membrane  of  the  hitter  is  vascular 
and  tumid,  an<!  when  the  ovum  has 
reached  tlie  utenis  it  becomes  im- 
bedded in  the  folds  of  the  mucous 
memlirane,  which  grow  up  around  it 
and  finally  completely  encircle  it,  so 
as  to  cover  it  in  entirely  and  exclude 
it  from  the  uterine  cavity.  Thus  two 
portions  of  the  uterine  mucous  mem- 
brane (decidua)  are  formed— ^viz,  that 
which  coats  the  muscular  wall  of  the 
uterus,  decidua  vera,  and  that  which 
is  in  contact  with  the  ovum,  decidua 
refiexa.  The  decidua  vera  at  the  o» 
internum  and  at  the  openings  of  the 
Falh)piau  tubes  is  continuous  with 
the  lining  me  m  b  ran  e  o  f  t  h  e  se  can  a  la , 
the  thickening  of  the  original  mucous 
membrane  of  the  uterus  which  con- 
verts it  into  decidua  abruptly  ceasing 
at  these  points.  The  neck  of  the 
uterus  after  cone  caption  is  closed  by 
a  ping  of  mucus.  The  decidua  vera 
is  perforated  by  the  openings  formed 
by  the  enlarged  uterine  glands,  which 
become  much  hypertrophied  and  de- 
veloped into  tortuous  tubes.  It  con- 
tains at  a  later  period  numerous  arte- 
ries and  venous  cliiinnels,  continuous 
with  the  uterine  sinuses,  and  it  is 
from  it  that  the  uterine  part  of  the 
placenta  is  developed.  The  portion 
of  the  decidua  vera  which  takes  part 
in  the  formation  of  the  placenta  is 
called  the  decidua  serotina  (Fig. 
88,/). 

The  decidual  rel^exa  is  shaggy 
on  its  outer  aspect,  but  smooth  within.  The  vessels  which  it  contains  at  first 
disappear  after  about  the  third  month.  About  the  fifth  or  sixth  month  the  space 
between  the  two  layers  of  the  decidua  disappears,  and  toward  the  end  of  preg- 
nancy the  decidua  rettexa  is  transformed  into  a  thin  yellowish  membrane,  which 
constitutes  the  external  envelope  of  the  ovum. 

Much  additional  interest  has  been  given  to  the  physiology  of  the  decidua  by 
the  fact,  which  seems  to  be  now  established  by  the  researches  of  Dr.  John 
Williams,  that  every  discharge  of  an  ovum,  whether  impregnated  or  not,  is,  as  a 
rule,  accompanied  by  the  formation  of  a  decidua.  and  that  the  essence  of  men- 
struation consists  in  the  separation  of  a  decidual  layer  of  the -mucous  membrane 
from  the  uterus;  while  in  the  case  of  pregnancy  there  is  no  exfoliation  of  the 


Fifi,  Sa.— Set'tionftI  plan  of  the  gravid  utemH  \n  the 
third  and  fourth  month.  {From  Wagner.)  a.  Plug  of 
mums  In  the  neek  of  the  uterus.  6,  jPaUopiati  tube,  r, 
TJie  diM'hhjfl  vem.  <^.  The  decidua  vera  posalnjr  into  the 
right  Fftllupian  tube:  the  cnvUy  of  the  uteruM  h  almost 
complett'ly  m^upied  In*  the  ovnui.  c, -r.  Potnla  of  reflec- 
tion of  the  decidun  reffexa  (In  nature  the  united  decidua 
do  not  stufj  here*  but  pa*s  over  tlie  whole  uterine  Burfaee 
of  tlif  pliuentaK  g^  .Supposed  athiiitnls.  A,  I'mbilirai 
vesk'le.  i.  Amnion,  k.  Choriou,  covered  uith  the  rJecfdua 
reflexa.  ft.  ravliy  of  the  declaim.  /  I>ecidini  gcrotlna, 
or  pUcc'Utal  decidua. 
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embrane,  but,  on  the  contrary,  it  undergoes  further  development  in  the  manner 
fgcribed  above. 

The  Placenta  is  the  organ  by  which  the  connection  between  the  ftetus  and 
either  is  maintained.     It  therefore  subserves  the  purposes  both  of  circulation 
id  respiratinn.     It  is  formed  of  two  parts,  as  already  shown — viz.  the  maternal 
>rtion.  whicli   is  developed  out   of  the  decidua   vera  (serotina),  and  the   ftetal 
Drtion  formed  out  of  the  villi  of  the  chorion.     Its  shape  in  the  human  subject  is 
hat  of  a  disk,  one  surface  of  whicli  adheres  to  the  uterine  wall,  while  the  other  is 
M>Tered   by  the   amnion.     The  villi   of  the   chorion  gradually  enlarfre,  forming 
•arge  projectiona — ^^  cotyledons  "^ — which  each  contain  the  ramifications  of  vessels 
communicating  with  the  rmibilical  {allantoic)  arteries  and  veins    of  the  foetus. 
J  These  vauscular  tufts  are  covered  with  epithelium,  and  project  into  corresponding 
depressions  in   the  mucous  membrane  (decidna  vera)  of  the  uterine  walL     The 
Iternal  portion  of  the  placenta  consists  of  a  large  number  of  sinuses  formed  by 
enlargement  of  the  vessels  of  the  uterine  wall.     These  bring  the  uterine  blood 
into  close  proximity  with    the  villi  of  the  foetal   placenta,   which  dip  into  the 
ginuses.     The  interchange  of  fluids  necessary  for  the  growth  of  the  fretus  and  for 
the  depuration  of  the  blood  takes  place  through  the  walls  of  the  villi,  but  there 
is  no  direct  continuity  between  the  maternal  and  foetal  vessels.     The  f*:etal  ves- 
sels form   tufts  of  capillaries,  the  blood   from  which   is   returned  by  small  veins, 
which  end  in  tributaries  of  the  umbilical  vein.     The  maternal  arteries  open  into 
spaces  somewhat  after  the  manner  of  the  arteries  of  the  erectile  tissues.     These 
spacer  communicate  with  a  jilexus  of  veins  which  anastomose  freely  with  one 
another,  and  give  rise,  at  the  edge  of  the  placenta,  to  a  venous  channel  which  runs 
around  its  whole  circumference — the  plaantal  mnus. 

The  mnbilical  cord  is  formed  by  the  gradual  elongation  of  the  belly  stalk.  It 
contains  the  coils  of  two  arteries  {uwhilieal,  originally  fr//^/i^o/<")^  and  a  single  vein, 
united  t^^g ether  by  a  gelatinous  tissue  {jfih/  of  Wharton).  There  are  originally 
two  umbifieal  veins,  but  one  of  these  vessels  becomes  obliterated,  as  do  also  the 
two  omphalo-mesenteric  arteries  and  veins  and  the  duct  of  the  umbilical  vesicle, 
all  of  which  are  originally  contained  in  the  belly  stalk.  The  permanent  struc- 
tures of  the  cord  are,  therefore,  furnished  liy  the  allautois. 

In  this  manner  the  human  embryo  eventually  becomes  surrounded  by  three 
membranes:  (1)  the  amnitm,  derived  from  the  outer  layer  of  the  mesoblast  and  the 
epiblast;  {'2)  the  choriony  formed  from  the  false  amnion  (which  is  derived  from 
the  outer  layer  of  the  mesoblast  and  the  epiblast),  and  (3)  the  decidaa,  derived 
from  the  mucous  membrane  of  the  uterus. 

Development  of  the  Embryo  proper,— The  further  development  of  the  embryo 
will,  perliaps,  be  better  understood  if  we  f^)llow  as  brieiy  as  possible  the  principal 
facts  relating  to  the  chief  parts  of  which  the  body  consists — viz.  the  spine,  the 
cranium,  the  pharyngeal  cavity,  mouth,  etc,  the  nervous  centres,  the  organs  of 
the  senses,  the  circulatory  system,  the  alimentary  canal  and  its  appendages,  the 
organs  of  respiration,  and  the  geni to-urinary  organs.*  The  reader  is  also 
■Tclerred  to  the  chronological  table  of  the  development  of  the  fcetus  at  the  end  of 
this  section* 

Development  of  the  Spine.— We  have  already  traced  the  first  steps  in  the 
formation  of  the  spine:  (1)  The  looping  up  of  two  longitudinal  folds  from  the 
cells  of  the  epiblast  on  either  side  of  the  primitive  streak,  so  as  to  form  a  groove, 
and  the  gradual  growing  together  of  these  ridges  (/riw/«/F  dor  gales)  so  as  to  con- 
Tert  the  groove  into  a  canal,  which  is  lined  by  ejtiblast,  and  out  of  which  the 
epinal  cord  is  developed.  (2)  The  formation  in  front  of  this  groove  of  a  con- 
tinuous cellular  cord  enclosed  in  a  structureless  sheath,  the  nofochord  or  chorda 
dfir%aU$  (Fig.   89).     The   notochord   extends   from    the   cephalic    to    the    caudal 

'The  scope  nf  thu?  work  only  permits  t!ie   Tbriefcet  possilili-  rtfercnee  to  iht^se  subject*!.     Those 
'  %ho  wkh  to  stwly  the  subject  of  cmbnoin^y  in  moredetai!  are  referred  to  Knlliker's  Entwirkdunqi^- 
fmkkhfe;  U*  vol  i.  pt.  1,,  of  the  tenth  eiiition  of  Quain's  Anatamy ;  or  to  the  workti  of  Professors 
Mbot  ttnd  Herttvig. 


Fig.  wq.— TmiMverae  section  through  the  dorsal  rvj^loD  of  «n  embry*>  chiok,  end  of  third  ilay.  (From  Foeter 
and  Balfour.}  Am.  Amnion,  mp.  Muscte-plat*^.  n:  CiiTdinttl  vein.  Ao.  Doranl  aortii  wt  the  point  where  Ita 
two  roots  begin  to  join.  Ch.  Xot<x"hord.  Wd.  Wulft^an  duct.  Wb.  Coinmetirt'ineiit  of  fonnftlion  of  Wolfliaii 
body*  fp.  £plbliust.  *o,  Somatopleure.  fry.  Hypoblast.  The  B€ctlou  paB»ea  through  the  place  where  the  aU- 
m^intary  canul  (%)  communicates  with  the  yollt-iiae, 

extremity  of  the  embryo  on  cilber  side  of  the  spinal  canal  and  notochord  (Fig. 
82,  A  7) ;  this  is  tbc  protovertebrtii  cohtmu.  From  a  part  of  it  is  derived  the 
vertebral  colamn,  a  considerable  portion  at  the  upper  and  outer  part  being  differ- 
entiated from  it  and  eventually  forming  the  muscles  of  the  back.  (4)  This  column 
undergoes  a  proee»s  of  transverse  aegmeotation  and  becomes  converted  into  a 
number  of  quadrilateral  blocks,  the  protovciiebral  mmifes*  The  process  of  seg- 
mentation commences  in  the  cervical  region  and  proceeds  successively  through 
the  other  regions  of  the  body  until  a  number  of  segments  are  formed,  which  corre- 
spond very  closely  to  the  number  of  the  permanent  vertebne.  (*"*)  Frotn  each  of 
these  protovertebral  somites  masses  of  cells  are  budded  off  towards  the  middle 
line,  the  ma^^ses  of  opposite  sides  meeting  around  the  notochord,  which  they 
enclose,  and  extending  dorsal  I y  around  the  spinal  cord,  Tvhich  they  also 
enclose.  The  notochord  and  tlie  spinal  canal  are  thus  surrounded  by  a  cellular 
"\  mass  derived  from  the  mesoblastic  layer,  which  constitutes  the  membrmiaus  matrix 
of  the  vertebne.  (6)  The  next  step  is  the  conversion  of  this  primitive  mem- 
branous matrix  into  cartilage.  This  takes  place  probably  about  the  fourth  or 
fifth  week  in  the  human  embryo  (Koliiker).  At  intervals  along  that  portion  of  the 
membranous  matrix  which  encloses  the  notochord  the  cells  become  pushed  apart 
by  the  formation  between  them  of  a  homogeneous  substance  and  the  tissue 
becomes  converted  into  cartilage.  The  regions  which  are  thus  cbondrified  corre- 
spond to  the  intervals  between  the  successive  pairs  of  protovertebral  somites,  and 
form  the  bases  of  the  bodies  of  the  future  vertebne,  the  segment>s  of  the  spinal 
column  thus  alternating  in  position  with  the  protovertebral  In  the  regions  oppo- 
site each  protovertebral  somite  ch  on  drifi  cation  does  not  take  place,  but  tbe  mem- 
branous   matrix  assumes  a  fibrous  structure,  forming  the   intervertebral   diske. 
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Similar  changes  occur  m  the  portion  of  the  matrix  which  surrounds  the  spinal 
cord.  Opposite  each  vertebral  body  chondrification  takes  place,  producing  the 
cartilaginoQB  vertebral  arches,  the  intervening  tissue  becoming  transformed  into 
the  ligaments  which  extend  between  the  arches,  chiefly  the  interspinous  liga- 
mentd  and  the  ligamenta  sobflava.  BeKiw  each  subflavan  ligament  an  o]*ening  is 
left,  through  which  the  spinal  nerves  make  their  exit  from  the  spinal  canal,  the 
nerves,  like  the  pro  vert  ebrte,  alternating  in  position  with  the  vertebral  centra. 
(7)  The  notochord  contained  in  the  centre  of  this  chondrifying  mass  does  not  con- 
tinue to  grow,  but  becomes  in  the  human  subject  relatively  smaller,  so  as,  at  last, 
to  form  a  mere  slender  thread,  except  opposite  the  secondary  segmentations; 
that  is  to  say,  corresponding  to  the  intervals  between  the  bodies  of  the  perma- 
nent vertebrie.  Here  it  presents  thickenings  and  forms  an  irregular  network, 
the  remains  of  which  are  to  be  found  at  all  periods  of  life  in  the  central  pulp  of 
the  intervertebral  disks. 

Development  of  the  Eibs  and  Sternum.— The  rihs  are  formed  by  extensions  of 
the  blastema  of  the  vertebne  in  the  mcsoblastic  layer  of  the  blastodermic  mem- 
brane* These  speedily  umlergu  cbondritication,  and  appear  as  cartilaginous  bars, 
and  become  separated  from  the  vertebrae  at  their  posterior  extremities.  At  their 
anterior  ends  the  costal  bars,  which  are  to  form  the  nine  upper  ribs,  turn  upward 
and  fuse  together  so  as  to  form  a  cartilaginous  strip  bounding  a  central  roedian 
fissure.  The  strips  on  either  side  then  join  in  the  middle  line  from  before  hack- 
ward,  and  so  give  rise  to  a  longitudinal  piece  of  cartilage,  which  represents  the 
manubrium  and  gladiolus  of  the  sterniim.  In  the  process  of  development  the 
sternal  attachment  of  the  eighth  rib  disappears,  while  that  of  the  ninth  sub- 
divides, one  portion  reuuiining  attached  to  the  inferior  extremity  of  the  cartilag- 
inous sternum  and  hecoruing  developed  into  the  ensiform  cartilage;  the  other  por- 
tion receding  from  the  sternum  and  becfuning  attached  to  the  rib  above. 

The  farther  development  of  the  vertebrae,  ribs,  and  sternum,  and  the  ossifica- 
tion of  their  cartilaginous  structure,  are  described  in  the  body  of  the  work. 

Development  of  the  Cranium  in  general,  and  the  Face. — We  have  seen  that  the 
first  trace  of  the  embryo  consists  in  the  formation  of  a  longitudinal  fold  of  the 
epiblast  on  either  side  of  a  median  groove,  and  that 
these  folds  or  ridges  grow  backward  and  meet  in  the 
median  line,  thus  forming  a  canaL  This  canal,  at  the 
cephalic  extremity  of  the  embryo,  is  dilated  and  forms 
a  bulbous  enlargement.  The  bulbous  enlargement 
joon  expands  into  three  vesicular  dilatations,  which 
are  known  as  the  three  primtir^  eenhral  vemdeny  fi'om 
which  all  the  different  parts  of  the  encephalon  are 
presently  to  be  developed.  The  most  anterior  of  the 
three  forms  the  thalamenceplirdon,  whilst  a  hollow 
projection  from  it  forms  the  cerebral  liemispheres  ;  the 
middle  one  forms  the  mesencejihakm  ;  the  posterior 
the  metencephalon  and  the  myelencephalon.  The 
primary  cerebral  vesicles  are  at  this  time,  of  course, 
hollow,  and  their  cavities  freely  communicate  with 
e^ch  other  at  the  points  of  constriction.  As  the 
embryo  grows,  the  cerebral  vesicles  become  twice  bent 
forward  on  their  own  axis  (Figs.  90,  91,  a  and  u). 
The  upper  or  posterior  curvature  is  called  the  cerebral, 
the  lower  or  anterior,  the  frontal  protuberance- 

Thus,  we  have  a  triple  cavity  (see  Fig.  91,  A,  where  the  three  cavities  are 
marked  c,  mc^  and  mo)  lined  by  epibbist  and  covered  by  the  same  structure. 
Between  these  two  layers  of  epiblast,  a  layer  of  mesoblast,  derived  from  the  pro- 
tovertebral  plates  of  the  trunk,  is  prolonged  and  s|>reads  over  tlie  whole  surfivce 
of  the  cerebral  vesicles.  From  these  structures  the  cranium  and  its  contents  are 
developed.     The  external  layer  of  tlie  epiblast  forms  the  superficial  epithelium 
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Fto.  90»— Longlludinftl  section 
of  Uie  heAd  of  an  embryo  four 
weeks  old,  ieeu  from  the  inslile. 
1.  Oetilar  vehicle,  2.  Coptic  nerve 
flattened  out.  a.  Fore  brain.  4. 
Intermtdlftry  brain,  Ti.  MiilrUe 
brain,  6.  Hindc^r  brain.  7.  Artrr 
brain.  H.  Aiilerior  p(^rtion  of  the 
tenlitdura  eertbeUi.  it.  Its  litterul 
p<.irtion  intervening  between  N(j«. 
4an<.l.\  10.  Tbf  phuryiigeiileiirye, 
l>ent  into  ft  t^Udt-goc. 
auditory  vciiiele. 
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of  the  scalp.  The  raesoblastic  layer  f^nD^!  tlie  true  skin,  the  blood-vessels,  mus- 
cles, connective  tissue,  bones  of  the  sktiU,  and  membranes  of  the  brain-  The 
layer  of  epiblast  lining  the  cavity  forms  the  nervous  substance  of  the  encephalon, 
while  the  cavity  itself  constitutes  the  ventricles. 

The  upper  end  of  the  notochord  terminates  at  its  cephalic  end  in  a  pointed 
extremity  which  extends  as  far  forward  as  the  situation  of  the  body  of  the  future 
sphenoid  bone,  and  is  there  imbedded  in  a  mass  of  tissue,  the  **  investing  mass  of 
Rathke/'     This  mass,  derived  from  mesoblastic  tissue,  becomes  cartilaginous,  and 


Fro.  OL— Verticnl  section  of  the  liend  In  enrly  ombr>os  of  the  mbblt,    Mu^fiiffied. 


(From  Milialkovlcs^    A. 
r.  Vt^rtiml  section  of  the 


From  ftn  erabryo  of  five  mUUm^tn's  lonitf.    8.  Ff«>m  an  embryo  of  six  mimmMres  long.  

anterinr  cn<l  of  thf  notochord  and  i>Uuitary  bcjdy,  etc.  from  an  embryo  sixtvtn  nifUnnMrei*  hjwg.  In  a,  the  fau- 
di*l  o|>ening:  ia  stlU  ch>se<J.  In  h.  it  is  farmed  e.  Anterior  cerebral  vesicle,  mc.  Mtsocerebrum,  mo.  MeduUa 
oblongata,  ra  Epiblasit.  »».  Wallof  medullnry  wnnal.  (A  InAindibulura.  am.  Amnion,  ffpr.  Spheno-etbmoidnl. 
be.  tVntml  (dorsum  ftoUjre),  ami  ^sr;*o,  iiphen»<oeirip!tal  parts  of  the basjBcranil.    A-  Heiirt.   /  Anterior  dtremity 


of  primitive  alimentary  oaaal  and  ui)eninir  (Mer^of  the  fauces,    j^.  LX-phaUc  ptM-tion  oT  primitive  inte*itine- 
p'.  Closed  opening  or  the  involuted  part  of  the  |>itiiltao'brKly{pif>.  cA.  Not«>eliord.  p^,  Pbary 


tha.  Thalamus. 


from  it  is  developed  the  basi-occipital  and  basi-sphenoid  bones;  and  by  lateral 
ex]>an.siuus  from  it  the  occipitals,  the  greater  wings  of  the  sphenoid,  and  the 
periotie  mass  of  cartilage  surrounding  the  primary*  auditory  vesicles.  Frfim  the 
front  of  the  investing  mass  of  ilatbke,  which  corresponds  in  position  to  the  future 
dorsum  selh^,  two  lateral  bars  are  directed  forward,  enclosing  a  spaee  whieh  forms 
the  pituitary  fossa,  in  whieh  the  pituitary  body  is  eventually  developed.  These 
bars  are  named  the  trahectthv  eranii,  and  extend  us  tar  forward  as  the  anterior 
extremity  of  the  head,  where  they  coalesce  with  each  other.  From  them  the  pre- 
sphenoid  and  lateral  masses  of  the  ethmoid  are  developed;  and  from  their 
coalescence  a  process  is  prolonged  downward  to  form  a  portion  of  the  framework 
of  the  face  hereafter  to  be  described.  From  the  pre-sphenoids,  which  are  developed 
from  these  trabecul?^,  a  lateral  expansion  takes  place,  which  forms  the  orbito- 
sphenoid  or  lesser  wings  of  the  sphenoith  enclosing  the  optic  ft>ramen. 

The  portions  of  the  base  of  the  skull  above  enumerated  are  formed  from  car- 
tilage; the  remaining  parts,  compri.sing  the  vault  of  the  skull,  are  of  membran- 
ous formation. 

The  head  at  first  consists  simply  of  a  cranial  cavity,  the  face  being  subse- 
quently developed  in  the  manner  now  to  be  de&cribed  by  a  series  of  arches  with 
clefts  between  them  (Tig.  92).  On  the  outer  surface  of  whsit  represents  the 
ujqier  neck  region  of  the  embryo  four  linear  vei'tical  grooves  laake  their  fipfiear- 
ance  on  each  si  tie.  Corresponding  grooves  are  also  formed  in  the  wall  of  the 
intestine,  the  hypoblast  of  the  pharynx  being  thus  brought  into  contact  with  the 
epiblast  of  the  outer  surface  of  the  body  along  the  lines  of  the  grooves.  These 
grooves  represent  the  f*nmc}nal  or  riset'ni!  clefts^  which  become  actual  perfora- 
tions in  tfte  lower  vertebrates,  and  place  the  cavity  of  the  pharynx  in  com  muni  ca- 
tion with  the  exterior.  On  cither  side  of  each  groove  a  thickening  of  the  meso- 
derm occurs,  so  that  five  ridges  are  formed,  the  first  of  which   is  in  front  of  the 
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ove,  and  the  last  behind  the  last  groove,  while  the  second,  third,  and 
fbnt^&re  between  Ruccessive  grooves.  These  are  the  branchial  arches,  the  first 
of  which  has  its  upper  end  bent  so  as  to  lie  at  an  angle  with  the  lower  end,  each 
half  of  the  arch  being  thus  <*shaped.  The  upper  limb  of  the  <  is  terraed  the 
majtillary,  and  the  lower,  the  mandibular  process,  and  between  the  two  there 
lies  a  depression,  the  oral  sintis.  The  outline  of  this  depression  is  pentagonal, 
pjnce  the  ends  of  the  two  maxillary  processes  do  not  unite^  but  have  projecting 
down  between  them  a  broad  plate,  the  fronto-nasal  proeesi.  In  the  mesohlast 
which  occupies  the  axis  of  each  branchial 
arch  a  cartilaginous  bar  develops,  serv- 
ing as  a  support  for  the  arch. 

The  maxillary  processes  unite  with  the 
franto-na^al  process.  The  latter  consists  of 
three  plates,  a  central  single  one  and  two 
lateral  ones.  The  cenfrai  is  called  the 
*'  mid-frontal  *'  process.  It  is  free  in  front 
and  below,  but  behind  it  is  united  with  the 
coalesced  portion  of  the  trabecnlie  cranii, 
which  therefore  probably  assists  in  the  for- 
mation of  the  septum  nasi,  and,  in  addition, 
of  the  prominent  part  of  the  future  nose. 
The  lateral  pbites  of  the  fronto-na.*i^al  pro- 
cess are  separated  from  the  central  one  by 
a  depression  or  furrow  on  either  side ; 
these  furrows  form  the  primary  nasal  pits 
or  foss«.  The  lateral  plates  project  down- 
ward parallel  to  the  mid-process  for  a  cer- 
tain distance,  and  tlien,  curving  inward, 
unite  with  it,  tbus  shutting  off  the  nasal 
fossse  from  the  rest  of  the  face.  The 
lateral  masses  of  the  ethmoid  and  lachry* 
mal  bones  are  developed  in  the  lateral 
plates,  and  by  their  union  with  the  mid- 
frontal  process  form  tht?  intermaxillary  bone  and  the  lunula,  or  central  part 
of  the  upper  lip. 

The  maxillari^  processes  descend  far  a  short  distance,  forming  the  outer  wall 
of  the  orbit,  in  which  the  malar  bone  is  developed;  they  then  incline  inward, 
and,  meeting  the  lateral  plute  of  the  fronto-nasal  process,  form  the  floor  of  the 
orbit,  and  shut  it  off  from  the  rest  of  the  face  ;  then,  continuing  their  course 
downward  and  inward,  they  Join  the  mid-frontal  process,  and  with  it  complete  the 
alveolar  arch  and  the  superior  maxillary  bone.  Finally,  palatal  processes  are 
fanned  by  an  extension  of  the  inner  sides  of  this  arch  \  these  coalesce  with  each 
other  in  the  median  line,  thus  separating  the  cavity  of  the  mouth  from  the  nasal 
fossae,  and  completing  the  palate.  In  front,  however,  the  palatal  processes  do  not 
join  with  the  mid-frontal  process,  but  a  cleft  is  left  which  constitutes  the  naso- 
palatine canal. 

The  mandibular  process  forms  the  lower  jaw  or  mandible,  the  cartilage  which 
it  contains  being  known  as  Meckel  s  cartilage.  This  becomes  ossified,  and  unites 
with  mombranebones,  developing  in  the  mesohlastic  tissue  around  it,  to  form  the 
mandibular  hone.  Its  upper  end  is  in  contact  with  the  pcriotic  capsule,  and 
from  it  two  portions  are  separated  and  os.sify  to  form  two  of  the  bones  of  the 
middle  ear,  the  malleus  and  incus.  The  second  arcli  is  named  the  ////<//* ^  arch  ; 
from  it  is  formed  the  styloid  process,  the  stylo-hyoid  ligament,  and  the  lesser 
coma  of  the  hyoid  bone.  The  third,  or  thtfro-h^oid  arcb,  gives  origin  to  the  great 
cornu  of  the  hyoid  bone,  while  the  body  of  this  boue  is  formed  between  the 
second  and  third  arches.  The  fourth  and  fifth  arches  do  not  reach  so  great  a 
development   as  the  r»tbers.  and  thrir  cartilages   likewise   only  partially  develop. 


Fti:.  92.— Fare  of  flti  erabrvn  of  25  to  28  dayi. 
Mft^ni  fled  15  timet,  1.  Fn>ntal  promlTience,  2, 8, 
RiKlU  ttiid  left  tflfai  tory  fi>ssa\  4,  InTcTior  max* 
illary  tuberek*<!,  nuited  in  the  mlddk*  Hnt?.  5. 
Su^iCTior  inttjfillury  tubereleK.  t;,  M^^uth  of  fau- 
ces. 7.  Second  phiiryn^al  arch,  8.  Third.  9, 
Fourth,  1"X  t^lmitive  ocular  vesicle*  11,  Prim- 
itive ftmlllory  vesicle. 


The  lower  ends  of  their  cartilages  unite  together  to  form  the  thyroid  cartilage  of 

the  larjnx. 

Between  the  mandihular  and  maxillary  processes  the  buccal  cavity  or  mouth  is 

formed;  this  therefore  owes  its  origin  to  the  formation  of  the  processes,  and 
consists  of  mesohlastic  tissue  lined  by  epiblast.  As  has  been  already  staterl  (pa^o 
108),  the  cephalic  end  of  the  embryo  becomes  remarkably  curved  on  itself,  the 
fore-  and  mid-brain  bending  downward  over  the  anterior  portion  of  the  original 
blastodermic  membrane,  which  remains  within  the  body  of  the  embryo  and  from 
which  the  fore^gut  is  to  be  developed.  This  fore*gut  terminates  as  a  blind 
extremity  beneath  the  head  (Fig-  91,  a,/).  Another  prominence  forms  on  the 
ventral  sorface  of  the  fore-gut,  which  represents  the  rudimentary  heart  (Fig,  91, 
A,  h).  Between  these  two  prominences,  caused  by  the  projection  of  the  fore-brain 
and  the  heart,  an  involntion  of  the  epiblast  takes  place^  gradually  deepening 
until  it  comes  in  contact  with  the  upper  part  of  the  alimentary  canaL  This  is 
the  ^tomodctitm  or  mouth,  which  becomes  bounded  by  prominences  constituting 
the  maxillary  and  mandibular  processes.  It  is  at  first  quite  distinct  from  the 
upper  part  of  the  alimentary  canal,  which,  as  we  shall  bereafter  see,  is  formed  by 
the  inner  or  splanehno-pleural  layer  of  the  raesoblast  and  the  hypoblast,  the  two 
cavities  being  separated  by  all  the  layers  of  the  blastodermic  membrane.  A  com- 
munication between  the  two  is,  however,  gradually  effected  by  the  absorption  of 
these  layers  at  the  anterior  extremity  of  the  primitive  alimentary  cavity  and  the 
hinder  portion  of  the  epi blast ic  involution  from  which  the  mouth  is  formed. 

The  branchial  grooves  are  at  first  fully  exposed  on  the  surface  of  the  neck 
region  of  the  body,  but  later  a  fold  of  skin  grows  backward  from  the  lower 
border  of  each  mandibular  process.  This  fuses  below  with  the  side  of  the  body 
and  completely  conceals  the  grooves,  which  disappear,  with  the  exception  of  the 
first.  Both  the  internal  ana  external  piirts  of  this  persist,  the  former  giving 
rise  to  the  Eustachian  tube  and  the  tympanic  cavity,  while  the  upper  portion  of 
the  latter  forms  the  meatus  auditorius. 

Development  of  tha  Nervous  Centres  and  the  Kerves* — The  medulhiry  groove 
above  described  (page  107)  presents^  about  the  third  week,  three  dilatations  at 
it8  upper  end,  separated  by  two  constrictions,  and  at  its  posterior  part  another 

dilatation,  called  the  rhomboidal  «mi/j*.  8oon  after- 
ward the  groove  become  a  closed  canal  {mtduflan/ 
canal)^  exhibiting  corresponding  dilatations.  This  is 
the  rudiment  of  the  cerebrospinal  axis.  As  the 
embryo  grows,  its  cephalic  pai't  becomes  more  curved, 
and  the  three  dilatations  at  the  anterior  end  of  the 
primitive  cerebro-spinal  axis  become  vesicles  distinctly 
separate  from  each  other  (Fig.  *Jtl).  These  are  the 
cerebral  vesicles — ^anterior,  mitldle,  and  posterior.  The 
anterior  cerebral  vesicle  (situated,  at  this  period,  quite 
below  the  middle  vesicle)  is  the  rudiment  of  the  third 
ventricle,  and  of  the  parts  surrounding  it — viz.  the 
optic  thfilami  and  all  the  parts  which  form  the  floor  of 
the  third  ventricle.  The  middle  vesicle  represents  the 
aqueduct  of  Sylvius,  with  the  corpora  quadrigeu)ina. 
Tlie  posterior  vesicle  is  developed  into  the  fuurth  ven- 
tricle, and  its  walls  form  the  pnns  Varolii,  cerebellum, 
medulla  oblongata,  and  parts  in  tbe  fiuor  of  the  fourth 
ventricle. 

At  an  early  period  in  the  development  of  this 
primitive  brain  a  prc»trusinij  takes  place  from  tbe 
anterior  vesicle,  which  is  at  first  simple,  but  soon  becomes  divided  into  twu  parts 
by  an  antero-posterior  fissure.  These  expand  hiteruUy,  antl  the  cerebral  hemi- 
spheres rind  corpora  striata  are  developed  from  them.  In  the  roof  of  the  fore- 
part of  the  posterior  cerebral  vesicle  a  thickening  takes  place,  forming  the  rudi- 
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lent  of  the  cerebellum.  In  consequence  of  these  protrusions  or  outgrowths 
king  place,  the  three  primary  cerebral  vesicles  are  now  converted  into  six 
rmanent  rudiments  of  the  brain  and  medulla  oblongata.  The  anterior  part 
the  original  anterior  cerebral  vesicle  (fore-brain,  prosencephalon),  now  divided 
to  two,  constitutes  the  eerebnil  hemispheres,  corpus  callosunu  corpora  striata, 
rnix,  lateral  ventricles,  and  olfactory  bulbs.  The  hemispheres  are  at  first  rela- 
vely  small  and  do  not  conceal  the  parts  formed  from  the  middle  primary  vesicle 
ir  the  optic  thalami,  which  with  the  optic  nerves,  the  third  ventricle,  and  the 
rts  in  its  floor,  are  furnished  by  the  posterior  portion  of  the  anterior  vesicle 
Dter-brain,  thalamencephalon).  By  the  third  month,  however,  the  hemispheres 
lave  risen  above  the  optic  thalami,  and  by  the  sixth  month  above  the  cerebellum. 
lures  are  seen  on  the  surface  of  the  hemispheres  at  the  third  month,  but  all 
t  one  disappear.  This  one  persists,  and  forms  the  fissure  of  Sylvius.  The 
lanent  fissures  for  the  convolutions  do  not  form  till  about  tlie  seventh  or 
month.  The  midfUe  cerebral  vesicle  (mid-brain,  meseDcephalon)  is  at  first 
ualM  at  the  summit  of  the  angle  shown  on  Fig.  90,  Its  smooth  surface  is 
>on  divided,  by  a  median  and  transverse  groove,  into  four  tubercles  (tubercula 
oadrigemiiia),  which  are  gradually  overlapped  by  the  growth  of  the  cerebral 
smispheres.  Its  cavity  diminishes  as  its  walls  thicken,  and  contracts  to  form 
e  aqueduct  of  Sylvius.  The  crura  cerebri  are  also  formed  from  this  vesicle. 
he  third  primary  cerebral  vesicle  at  an  early  period  (between  the  ninth  and 
relfth  week)  consists  of  the  hind-brain  or  metencepbabjn,  forming  the  cerebel- 
m,  pons  Varolii,  and  anterior  part  of  the  fourth  ventricle,  and  of  the  after -bra  in 
'  myelencephalon,  w^hicb  forms  the  medulla  oblongata  with  the  rest  of  the  fcuirth 
entricle. 

The  development  of  the  pituitary  body  has  of  late  received  much  attention.  It 
mainly  formed  by  a  diverticulum  from  the  buccal  invnlution  of  epiblast.  At  its 
ipper  and  front  part  this  involution,  from  which  the  mouth  or  stomodjeura  is 
eveloped,  forms  a  hollow  saccular  protrusion,  which  extends  into  the  angle  formed 
y  the  bend  of  tliC  fore- with  the  mid-brain.  Here  it  comes  in  contact  with  a 
edian  hollow  protnjsic»n,  which  posses  downward  and  backward  from  the 
losterior  portion  of  the  anterior  cerebral  vesicle  (Fig.  1*1,  c,  if).  They  become 
timately  connected,  and  together  form  the  pituitary  body  or  hypophysis. 

When  the  medullary  groove  is  first  closed,  the  foetal  spinal  cord  occupies 
\  whole  length,  and  presents  a  large  central  canal,  which  gradually  contracts  in 
nse«^uence  of  the  thickening  and  rapid  growth  of  the  epiblast  around  it. 
his  increase  in  thickness  takes  place  principally  at  the  sides,  so  that  eventually 
e  central  canal  acquires  on  section  the  appearance  of  a  slit.  The  two  siiles  of 
is  slit  eventually  join  in  the  middle,  and  the  original  canal  is  divided  into  two  : 
i  anterior^  which  becomes  the  central  permanent  canal,  w  hich  in  after  life  is  no 
>iiger  perceptible  to  the  eye,  though  it  is  still  visible  on  microscopic  section ; 
id  a  pv^ten'or,  which  becomes  filled  about  the  ninth  week  with  a  septum  of 
nnective  tissue  from  the  pia  mater,  and  fornis  the  posterior  fissure  of  the  cord. 
he  anterior  fissure  is  formed  simply  as  n  cleft  left  between  tbe  lateral  halves 
I*  the  cord. 

After   the  fourth   nK^nth   the  spinal    column  begins  to  grow   in  length  more 
pidly  than  the  medulla  spinalis,  so  that  tbe  latter  no  longer  occupies  the  whole 
aL     The  cord  is  composed  iit  first  entirely  of  uniformdooking  cells,  which  soon 
parate  into  two  layers,  the  inner  of  which   is  composed  of  cells  which  increase 
r  division^  ami  develop  outgrowths  which  become  axis-cylinders  of  nerve-fibres, 
iese  cells    are  termed  iicnroblasts.     The  cells  of  the    outer   layer,  known    as 
n^pottiastit^  scatter  themselves  among  the  neuroblasts,  forming  the  neuroglia 
Us.  some  of  them  migrating  inwards  to  form  the  ependynial  lining  of  the  cavi- 
ies  of  the  cord  imd  brain. 

The  cerebral  and  spiniil   membranes  are,  according  to  Kolliker,  a  production 

m  tbe  protovertebral  somites,  and  are  recogniKahle  about  the  sixth  week.     As 

fissures  separating  the  segments  of  the  cerebro-spinal  axis  appear,  the  mem- 
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branes  extend  through  them  and  tLe  pia  mater  passes  into  the  cerebral  ven- 
tricles. 

The  Nerves* — The  nerves  are  developed,  like  the  rest  of  the  nervous  system, 
from  epiblast*  The  spinal  nerves  are  developed  as  follows :  Close  to  the  point 
of  involution  of  the  epiblast  in  the  median  line — that  is  to  say,  in  the  angle  of 
junction  of  the  neural  and  general  epibkst — a  cellular  swelling  constituting  the 
neural  t're&t  appears,  and  forms  a  continuous  ridge  on  the  dorsal  aspect  of  the 
neural  canaL  On  this  crest  enlargements  occur,  corresponding  with  ihe  mitMle 
of  each  proto vertebral  segment*  These  grow  downward  between  the  neural  C4inal 
and  the  mesoblastic  tissue  forming  the  {jrotovertebnie,  and  occupy  a  position  on  the 
lateral  wall  of  the  canal.  These  enlargements  are  the  rudiments  of  the  ganglion 
of  the  posterior  root;  they  are  at  first  attached  to  the  neural  crest  from  which  they 
spring,  but  subsequently  this  attachment  becomes  lost,  and  they  then  form  isolated 
masses  on  either  side  of  the  neural  canal,  which  now^  contains  the  rudimentary 
cord*  They  consist  of  oval  cells,  from  either  end  of  wbich  a  process  eventually 
springs  ;  one,  ptissing  centrally,  grows  into  the  embryonic  cord  antl  constitutes  the 
posterior  root  of  the  nerve ;  the  other^  growing  peripherally,  joins  the  fibres  of  the 
anterior  root  to  form  the  spinal  nerve. 

The  anterior  root  is,  according  to  the  researches  of  His,  a  direct  outgrowth 
of  certain  cells  which  are  found  in  the  rudimentary  eord,  and  which  are  named 
fieurohlasta.  These  cells,  like  those  mentioned  above,  are  oval,  and  have  a  pro- 
longation directerl  outward  toward  the  surface  of  the  cord.  These  processes 
pass  out  of  the  cord  in  bundles  and  penetrate  the  mesoblast  and  join  with  fibres 
of  the  posterior  root,  and  from  the  point  of  union  the  nerve  grows  toward  its 
peripheral  terniinatioji. 

Most  of  the  cranial  nerves  are  developed  in  the  same  manner  as  the  posterior 
roots  of  the  spinal  nerves.  That  is  to  say,  the  neural  crest,  developud  from  the 
epiblast.  is  continued  onward,  along  the  dorsal  surface  of  the  cephalic  portion  of 
the  neural  tube^  as  far  as  the  mid-brain.  From  this  a  series  of  swellings  at 
irregular  intervals  form  the  rudimentary  ganglia,  from  the  polar  cells  of  which 
the  nerve  is  formed  and  its  connection  with  the  brain  established.  This  appears 
to  be  the  ease  witii  tlie  sensory  jiortiou  of  the  fifth,  the  portion  of  the  facial  con- 
nected with  the  geniculate  ganglion,  the  auditory  and  the  sensory  ])ortion8  of 
the  glossopharyngeal  and  pncumogastric.  The  motor  portions  of  the  mixed  nerves 
and  the  third,  fourth,  sixth,  spinal  accessory  and  hypoglossal  arise  like  the 
anterior  roots  of  the  spinal  nerves  from  neuroblasts  in  the  floor  of  the  atjueduct 
if  Sylvius  and  of  the  fourth  ventricle. 

The  olfactory  tract  and  bulb  is  a  protrusion  of  the  antern-ventral  jiart  of  each 
cerebral  hemisphere.  This  protrusion  comes  in  contact  with  the  thickened  epi- 
blast of  the  olfactory  area  (see  page  125),  from  which  n  en  rob  las  tic  cells,  which 
are  formed  within  the  area,  pass  out  and  form  a  ganglion  between  the  area  and 
the  olfactory  bulb.  From  this  ganglion  cell-processes  grow  centripetally  to  form 
the  nerve-roots,  and  centrifugally  to  form  the  olfactory  nerves  which  ramify  on  the 
S ch  n  e  i d e r i a  n  me m b ra  ne. 

The  optic  nerve  arises  in  a  manner  somewhat  diflTerent  from  any  of  the  other 
cranial  nerves.  It  will  be  considered  in  connection  with  the  development  of 
the  eye, 

The  sympathetic  nerves  are  probably  developed  as  outgrowths  from  the 
ganglia  of  the  spinal  ami  cranial  nerves. 

Bevelopment  of  the  Eye. — The  nervous  elements  and  non-vascular  parts  of 
the  eye  are  formed  from  the  e|>iblast,  and  the  vascular  portions  from  the  meso- 
blast ;  but  the  method  of  development  is  somewhat  complicated.  The  essential 
portion  of  the  eye — /.  e.  the  retina  and  the  parts  immediately  connected  with  it 
—is  an  outgrowth  from  the  ruilimentary  brain  ([irimitive  ocular  vej^iclc^),  and  this 
outgrowth  is  met  by  an  ingrowth  from  the  comruon  epidermic  or  corneous  layer 
of  the  epiblast,  out  of  which  the  lens  and  the  eonjunetival  and  corneal  epithelium 
are  developed. 
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The  first  appearance  of  the  eje  consists  in  the  protrusion  or  evagination  from 
f  medullary  wall  of  the  thalamencephalon,  or  ioter-hrain,  of  a  vesicle,  called  the 
inutive  ocular  ve^swle.  This  is  at  first  an  open  cavity  communicating^  by  a  hollow 
dk  with  the  general  cavity  of  the  cerebral  vesicle.  As  the  primitive  ocular  ve«i- 
e  is  prolonged  forward,  it  meets  the  epidertnie  layer  of  the  epiblast,  which  at  the 
^iot  of  contact  becomes  thickened,  and  then  forms  a  depression  which  gradually 
icroaches  on  the  most  prominent  part  of  the  primitive  ocular  vesicle,  w  hich  iu  its 
rn  appears  to  recede  before  it,  so  as  to  become  at  first  depressed  and  then  inverted 

the  manner  indicated  by  the  annexed  figure  (Fig.  94,  a),  so  that  the  cavity  is 
lally  almost  obliterated  by  the  folding  back  of  its  anterior  half,  and  the  original 
c  converted  into  a  cup-shaped  cavity,  the  ocular  cup,  in  which  the  involuted 
liblastic  layer,  the  rudiment  of  the  lens,  is  received  (Fig.  94,  b).  This  cup- 
aped  cavity  consists  therefore  of  two   layers:    one,   the  outer,   originally  the 

tenor  half  of  the  primitive  ocular  vesicle,  is  thin,  and  eventually  forms  the 
igmental  layer  of  the  retina;  ^  the  other  layer,  the  inner,  originally  the  anterior 

more  prominent  half,  which  has  become  folded  back,  and  is  much  thicker, 
converted  into  the  nervous  layers  of  the  retina.     Between  the  two  are  the 

ains  of  the  cavity  of  the  original  primary  vesicle,  which  finally  becomes 
>literated  by  the  union  of  its  two  layers.  The  optic  nerve  fibres  originate  from 
e  cells  of  the  ganglionic  layer  of  the  retina,  which  thus  correspond  to  the  cells  ot 
ie  posterior  root  ganglia  of  the  spinal  nerves.  From  these  cells  the  fibres  grow 
ward  the  brain,  choosing  the  optic  stalk  as  a  path  along  which  to  grow,  the  stalk 
us  becoming  gradually  replaced  hy  the  optic  nerve.  A's  development  proceeds  the 
ip-shaped  cavity  or  ocular  cup  increases  in  size,  and  thus  a  space  is  formed  between 
and  the  rudimentary  lens  which  it  contains;  this  is  the  Sfrondar^octtkir  vesirle, 
id  iu  it  the  vitreous  humor  is  developed  (Fig.  94,  c).  The  folding  in  of  the  primary 
^tic  vesicle  to  produce  the  optic  cup  proceeds  from  above  downward,  and  grad- 
Uly  surrounds  the  k*ns,  but  leaves  an  aperture  or  fissure  below,  the  choroidal 
fsure  or  ocular  cleft,  through  which  vascular  elements,  within  the  vesicle  and 
^rived  from  the  mesoblast,  retain  their  con- 

sction  with  the  rest  of  the  mesoblast.    This  Vp 

tp  or  cleft  is  continued  for  some  distance 


1  — r^ifiL-T>iim  of  development  of  the  lens     a  b  c. 
f  4evelojjmenr    1.   Epidermic  layer,    2. 
:^  layer.     3.  Crystaillno  ^Ifpressino,     4. 
isii4.>,  its  anterior  piirt  pu^jned  buck  by 
:  m.    5,  F'os.k'rior  part  of  tht*  priinf' 
ling  iheexlerual  layer  uf  the  sec- 
.. ,.        .. ..      i">.  Point  of  ec'paratiou  between  the 
I  Bjid  the  t|iiiicrnijc  layer.    7.  Cuvity  of  the  ftiscundary 
r  vehicle,  'R^copltMl  by  the  vitrt'ous. 


Fir..  Xj.— DIftffraramfltJc  sketch  of  a  vertical 
longitndinRl  section  throup^h  tin?  eyebnll  of  & 
hiininn  kvtns  of  four  wetk*,  {After  KCvUlkerl. 
Miiffnitied  IW  riiameten*.  The  stction  h  a  little  to 
ihr  ^idF,  ?o  US  t*j  uvnht  fjafisln^  thn:»ugh  the  ocular 
cit  ft.  c.  The  cutiele.  where  It  tiet'onies  later  the 
corn<'ft.  I.  The  lens,  ojk  The  T>f^lf'l<^  f*f  the 
primary  optic  vesicle,  fp.  Primary  racdnUttry 
rn vitv  I'^f  the  optic  vesicle,  p.  The  ptKnient-layer 
*if  the  tjntervvall.  r.  The  inner  wall  fornilnjyr  the 
rellim,  tv.  Seeondary  optic  vesicle,  cout4UiiIng 
the  rudiment  of  the  vJtreoua  humor. 


Ito  the  stalk  of  the  optic  veside,  nnd  thus  allows  a  process  of  the  aiesobhist  to 
ttend  down  the  st^lk  to  form  the  arteria  centralis  retinae  and  its  accompanying 
rilu  The  leus  is  at  first  a  thickening  of  the  epiblast ;  then  a  depression  or  involu- 
Dn  takes  place,  thus  forming  iin  open  follicle,  the  margins  of  'which  gradually 
bproach    each  other  and  coalesce*  forming  a  cavity  enclosed  by  epiblastic  cells 

*  Ttii^  layer  forma  functionallv  part  of  the  choroi«l,  mid  wui*  formerly  described  a**  }>elon^npr  to 
i  meenbrmne ;  it  ia  now  descrihecL  au  part  of  tlie  leiinn,  ou  aocouut  of  its  metiit>d  of  dvvflcpineut. 
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(Fig.  94)*  At  the  point  of  involution  the  external  la3^er  of  epiblast  separates  from 
the  ball  of  the  lens  and  passes  freely  over  the  surface,  so  thatthelens  becomes  di^ 
connected  from  the  epiblastic  layer  from  which  it  was  developed,  and  recedes  into 
the  ocular  cup,  while  the  cuticular  layer  covering  it  is  developed  into  the  corneal 
epithelium.  The  cells  forming  the  posterior  or  inner  wall  of  the  cavity,  whioh  is  to 
form  the  lens,  rapidly  increase  in  size,  becoming  elongated  and  developed  into 
fibres,  and,  filling  up  the  cavity,  convert  it  into  a  solid  body.  The  cells  on  the 
anterior  wall  undergo  no  change  and  retain  their  cellular  character.  The  secondary 
ocular  vesicle,  or  space  between  the  lens  and  the  hollow  of  the  ocidar  cup  (Fig.  94, 
C  7,  and  95),  contains  a  rjuantity  of  mesoblastic  tissue  continuous  through  the  ocular 
cleft  with  the  rest  of  the  mesoblast,  and  into  this  hhjpod- vessels  project  themselves 
through  the  ocular  cleft.  The  iris  and  ciliary  processes  are  formed  from  this  vas- 
cular tissue,  and  the  choroid  is  developed  in  the  me  sob  last  surrounding  the  ocidar 
vesicle.  A  portion  uf  this  tissue  also  becomes  converted  into  the  vitreous  hiiraor, 
and  surrounds  the  lens  with  a  vascular  membrane— the  vaaeular  eftpside  of  the  letis, 
which  is  connected  with  the  termination  of  the  temporary  artery  (hyaloid)  that 
forms  the  cfmtinuation  of  the  central  artery  of  the  retina  through  the  vitreous 
chamber.  This  vascolar  capsule  of  the  crystalline  lens  forms  the  membrana 
ptjpillarig  (described  on  a  subsequent  page),  and  also  attaches  the  borders  of  the 
iris  to  the  capsule  of  the  lens.     It  disappears  about  the  seventh  month. 

The  eyelids  are  formed  at  the  end  of  the  third  month  as  small  cutaneous  folds, 
which  come  together  and  unite  in  front  of  the  globe  and  cornea.  This  union  is 
broken  up  and  the  eyelids  separate  before  the  end  of  fcetal  life. 

The  lachrymal  canal  develops  as  a  thickening  of  the  epiblastic  cells  at  the 
bottom  of  the  groove  which  extends  upward  toward  the  eye  between  the  maxillary 
and  the  fr  on  to-nasal  processes.  The  thickening  becomes  hollowed  out  into  a 
canal,  and  the  lips  of  the  groove  meet  over  it,  thus  removing  it  from  the  surface. 

Development  of  the  Ear. — The  first  rudiment  of  the  ear  appears  shortly  after 
that  of  the  eye,  in  the  form  of  a  tluckening  of  the  epiblast,  on  the  outside  of  that 
part  of  the  third  primary  cerebral  vesicle  which  eventually  forms  the  medulk 
oblongata,  opposite  the  dorsal  end  of  the  second  pharyngeal  arch.  The  thicken- 
ing is  then  followed  by  an  involution  of  the  epiblast,  which  becomes  deeper  and 
deeper,  sinking  toward  the  base  of  the  skull,  and  a  flask -shaped  cavity  is  formed; 
by  the  narrowing  of  the  external  aperture  the  neck  of  the  flask  constitutes  the 
reee^suM  laliiirititJii.  The  mouth  of  tlie  flask  then  becomes  closed,  and  thus  a  shut 
sac  is  formed,  the  primitive  auJitovi/  or  otic  vesirk,  wliicli  by  its  sinking  inward 
comes  to  be  placed  between  the  ali-sphenoi<l  and  basi-occipital  matrices.  From 
it  the  internal  ear  is  formed.  The  middle  ear  and  the  Eustachian  tube  are 
developed  from  the  remains  of  the  first  branchial  cleft,  while  the  pinna  and 
external  meatus  are  developed  from  the  soft  parts  overhanging  the  fwsterior  mar- 
gin of  the  same  cleft.  Tbe  primary  otic  vesicle  hecumcs  imbedded  in  a  mass  of 
mesoblastic  tissue,  which  rapidly  undergoes  ebondrification  and  ossification.  It^ 
as  before  stated,  is  at  fii^st  flask-  or  pear-shaped,  the  neck  of  the  flask,  or  reeegm* 
lithlfrinth\  prohmged  backward,  f<»rms  the  atpneductus  vestibiili.  From  it  are 
given  oft' certain  [oolongations  or  diverticula,  from  which  the  various  parts  of  the 
labyrinth  are  fvrmed.  (hie  from  tlie  anterior  end  gradually  elongates,  and,  form- 
ing a  lube  hetifls  on  itself  from  left  to  right  and  becomes  the  cochlea.  Three 
others,  which  appear  <m  the  surface  of  the  vesicle,  form  the  semicircular  canals. 
Subsequently,  a  constriction  takes  place  in  the  original  vesicle,  which,  gradually 
increasing,  divides  it  into  two,  and  from  these  arc  formed  the  utricle  and 
saccule.  Finally,  the  auditory  nerve,  which  has  been  developed  from  the 
'*  neural  crest  "  in  the  manner  above  described  (page  122),  pierces  the  auditory 
capsule  in  two  main  divisions— one  f<>r  the  vestibule,  the  other  for  the  cochlea. 
The  middle  ear  and  Eustachian  tube  are  the  remains  of  the  first  pliaryngeal  or 
branchial  cleft  (hyo-mandibular),  and  are,  from  an  early  period,closed  by  the  fornra- 
tion  of  the  membrana  tympani,  which  consists  of  a  layer  of  epiblast  externally,  a 
layer  of  hypoblast   internally,  and  between  the  two  of  mesoblastic  tissue  consti* 
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tBtiug  its  fibrous  and  vascular  layer.  With  regard  to  the  exact  mode  of  develop- 
ment of  the  ossicles  of  the  middle  ear  there  is  considerable  difference  of  opinion.  The 
matli^a  and  mcu».  however,  seem  to  be  developed  from  the  proximal  end  of  the 
mtntlihular  ( Meckel's)  cartilage,  while  the  atapes  seems  to  have  a  double  origin, 
its  plate  being  an  ossification  of  the  cartilage  which  filb  the  foramen  ovale  in  the 
rmbiTODic  condition,  while  its  arch  is  an  ossification  of  the  upper  end  of  the 
cutilage  of  the  hyoid  arch. 

The  external  auditory  meatus  is  developed,  like  the  pinna,  from  the  soft  parts 
on  the  posterior  margin  of  the  first  visceral  cleft  by  an  outgrowth  of  the  tissues 
in  this  situation. 

Development  of  the  Hose* — The  olfactory  fossse,  like  the  primary  auditory 
resides,  are  formed  in  the  first  instance  by  a  thickening  and  involution  of  the 
epiblast,  which  takes  place  at  a  point  below  and  in  front  of  the  ocular  vesicle 
(Tig*  92,  2,  3).  The  thickening  appears  at  a  very  early  period,  about  the  fourth 
week.  The  borders  of  the  involutefl  portion  very  soon  become  prominent,  in  con- 
sequence of  the  development  of  the  mid-frontal  and  lateral  naso-frontal  plates 
above  spoken  of  (page  119),  which  are  formed  on  cither  side  of  the  rudimentary 
foflsje.      As  these  processes  increase  the  fossae  deepen  and  become  converted  into 

■  A  deep  channel,  which  eventually  forms  the  upper  part  of  the  nasal  fossii? — that 
is,  the  two  superior  meatiises,  the  part  to  which  the  olfactory  nerves  are  dis- 
tributed. At  this  time  they  are  continuous  with  the  buccal  cavity,  a  portion  of 
which  forms  the  lower  part,  or  inferior  meatus  of  the  nasal  fosssB.  For  as  the 
palatine  septum  is  formed  the  buccal  cavity  is  divided  into  two  parts,  the  upper 
of  which  forms  the  lower  part  of  the  nasal  fossie,  while  the  remainder  forms  the 
permanent  mouth. 

The  soft  parts  of  the  nose  are  formed  from  the  coverings  of  the  frontal  pro- 
jections and  of  the  olfactory  fossae.  The  nose  is  perceptible  about  the  end  of  the 
» second  month.  The  nostrils  are  at  about  the  third  inonth  closed  by  the  growth 
)0f  their  epithelium,  but  this  condition  disappears  about  the  fifth  month. 
I  The  olfactory  nerve,  as  above  pointed  out,  is  formed  from  the  anterior  cerebral 
Yesicle  as  a  secondary  vesicle  on  its  under  surface,  and  it  lies  upon  the  involuted 
epiblast,  which  subse^juently  forms  the  nasal  fossil. 

Development  of  the  Skin,  Glands,  and  Soft  Parts. — The  epidermis  is  produced 
from  the  external,  the  true  skin  from  the  middle,  blastodermic  layer  (Fig.  71^  19, 
20),  About  the  fifth  week  the  epidermis  presents  two  layers,  the  deeper  one  cor- 
responding to  the  rete  mucosum.  The  subcutaneous  fat  forms  about  the  fourth 
month,  and  the  papilhe  of  the  true  skin  about  the  sixth.  A  considerable  desqua- 
mation of  epidermis  takes  place  during  foetal  life,  and  this  desijuamated  epidermis, 
mixed  with  a  sebaceous  secretion,  constitutes  the  veniix  €fiifco»(i^  with  which  the 
skin  is  smeared  during  the  last  three  months  of  foetal  life.  The  nails  are  formed 
at  the  third  month,  and  begin  to  project  from  the  epidermis  about  the  sixth.  The 
hairs  appear  between  the  third  and  fourth  months  in  the  form  of  depressions  of 
the  deeper  layer  of  the  epithelium,  which  then  become  inverted  by  a  projection 
from  the  papillary  layer  of  the  skin.  The  papilhe  grow  into  the  interior  of  the 
epithelial  layer;  and  linally,  alxmt  the  fifth  month,  the  fretal  hairs  (/(r/^/fr/o)  appear 
first  on  the  head  and  then  on  rbe  other  parts.  These  hairs  drop  off  after  birth, 
and  give  place  to  the  pernjsinent  hairs*  The  cellular  structure  of  the  sudorifer- 
ous and  sebaceous  glands  is  formecl  from  the  e[uthelial  layer,  while  the  connective 
tissue  and  blood-vessels  are  derived  from  the  mesoblast  about  the  fifth  or  sixth 
month.  The  mammary  gland  is  also  formed  :  partly  from  mesoblast^ — its  blood- 
vessels and  connective  tissue;  and  partly  from  epiblast — its  cellular  elements. 
Its  first  rudiment  is  seen  about  the  tiiird  month,  in  the  form  of  a  small  projection 
inward  of  epithelial  elements,  which  invade  the  mesoblast;  from  this  similar 
tracts  of  cellular  elements  radiate;  these  subsequently  give  rise  to  the  glantlular 
follicles  and  ducts.  The  development  of  the  foi-mer,  however,  remains  imperfect, 
except  in  the  adult  female. 

Development  of  the  Limbs. — The  upper  and  lower  limbs  begin  to  project,  as 
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bulls,  from  the  anterior  and  posterior  part  of  the  embryo  about  tbe  fourth  week. 
These  buds  are  fornied  by  a  projection  of  the  j^onuitopleure  (^.  e.  the  outer  layer 
of  the  me.srvblast  and  the  e|iibla.st),  from  the  j)oint  where  the  meaoblnst  splits  into 
its  parietal  and  visceral  layers,  just  external  to  the  vertebral  somites,  of  ^hich 
they  may  be  regarded  as  lateral  extensions.  The  division  (»f  the  termimd  portioa 
of  the  bud  into  fingers  and  toes  is  early  indicated,  and  soon  a  notch  or  constric- 
tion marks  the  future  separation  of  the  hand  or  foot  from  the  forearm  or  leg* 
Next,  a  similar  groove  appears  at  the  site  of  the  elbow  or  knee.  The  indifferent 
tissue  or  blastema,  of  which  the  xvhole  projection  is  at  first  composed^  is  differen- 
tiatefl  into  muscle  and  cartilage  before  the  appearance  of  any  internal  cleft  for 
the  joints  between  the  chief  bones. 

The  muBclea  become  visible  about  the  seventh  or  eighth  week.  Thej  are 
derived  from  the  pro  to  vertebral  somites,  and  are  conscfiuently  at  first  arranged  in 
segments,  a  condition  which  is  retained  by  some  of  the  deeper  muscles  of  the 
back  and  by  the  intercostal  muscles.  Fusion  of  successive  segments  takes  place, 
however,  and  further  differentiation  of  the  muscular  sheet  thus  formed  into  a 
varying  number  of  muscular  bundles  brings  about  the  adult  condition.  The 
muscles  of  the  limbs  are  produced  from  outgrowths  from  the  pro  to  vertebral 
somites  in  the  regions  in  which  the  limb  buds  apfiear. 

Development  of  the  Blood-vascular  System.— There  are  three  distinct  stages 
in  the  deveiojjment  of  the  circidatory  system  before  it  arrives  at  its  comjilete  or 
adult  condition,  in  accordance  with  the  manner  in  which  nourishment  is  provided 
for  at  different  periods  of  the  existence  of  the  individual.  In  the  first  stage  there 
is  the  vitelUne  areidation,  during  which  nutriment  is  extracted  from  the  yolk  or 
contents  of  the  vitelline  membrane*  In  the  second  stage  there  is  the />/rt^*'ri/a/ 
etreuhifwn^  which  commences  after  the  formation  of  the  placenta,  and  during 
which  nutrition  is  obtained  by  means  of  this  organ  from  tbe  blood  of  the  mother. 
In  the  third  stage  there  \A  the  enmphte  eirvidatinn  of  the  <ididt^  commencing  at 
birth,  and  during  which  nutrition  is  provided  for  bv  the  organs  of  the  individual 
itself, 

1,  The  viteUine  circulation  is  carried  on  partly  within  the  body  of  the  embryo 
and  partly  external  to  it  in  the  vascular  area  of  the  yolk.  It  consists  of  a  median 
tubular  heart,  from  which  two  vessels  (arteries)  j>roject  anteriorly.  These  carry 
the  blood  to  a  plexus  of  capillaries  spread  over  die  area  vasculosa,  and  also,  though 
to  a  less  extent,  in  tbe  body  of  the  embryo.  From  tbis  plexus  the  blood  is  returned 
by  two  vessels  (veins)  which  enter  the  heart  posteriorly,  and  thus  a  complete  clr* 
culation  is  formed. 

In  these  vessels  and  the  heart  a  ^\i'u\(hhH*J)  is  contained,  in  which  rudimentary 
corpuscles  are  found.  The  mode  of  formation  of  these  elementary  parts  will  liave 
first  to  he  considered. 

In  mammalia  the  heart  is  formed  as  a  longitudinal  fold  of  the  splanchnopleure 
on  either  side  of  the  median  line  in  front  of  the  anterior  extremity  of  the  ru*li- 
mentary  pharynx,  at  about  the  level  of  the  posterior  primary  cerebral  vesicle, 
the  folds  projecting  dorsally  into  the  coelom.  The  walls  of  the  folds  thicken  and 
present  two  distinct  stratti  of  cells ;  the  inner  and  thinner  dayer  forms  the  endo- 
cardiuuu  the  outer  anfl  thicker  the  muscular  wall  of  the  heart.  In  its  very  earliest 
and  primitive  condition  the  heart  consists,  therefore,  of  a  pair  of  tubes,  one  on 
either  side  of  the  body.  These,  however,  soon  coalesce  in  the  median  line,  and, 
fusing  together,  form  a  single  central  tube.^  Each  of  the  two  primary  tubes 
receives  posteriorly  a  large  vessel  (a  vein),  and  is  prolonged  anteriorly  into 
a  second  vessel  (an  artery).  So  that  after  fusion  of  the  heart-tubes  has  taken 
place,  there  is,  in  the  primitive  vitelline  circulation,  as  above  mentioned,  a 
single  tubular  heart,  with  two  arteries  proceeding  from  it  and  two  veins  empty* 
ing  themselves  into  it.  The  earliest  re^neis  are  also  formed  in  the  visceral  layer 
of  the  mesoblast.  They  are  developed  from  that  part  of  the  mesoblast  which  sur- 
rounds the  portion  of  blastoderm  which  is  occupied  by  the  developing  body  of  the 
'  Id  Dioet  fishes  and  in  anipliihia  the  heart  originates  as  a  single  median  tube. 
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nd  which  is  known 

?  developed  outside  the  body  of  the  embryo.  Some  of  the  cells  of  which 
the  vascular  area  is  composed  arrange  themselves  in  cords,  the  cords  forming  a 
oetwork.  Fluid  begins  to  collect  in  the  interior  of  the  cords,  forcing  upurt  the 
cells  of  which  they  are  compo:?ed,  and  converting  them  into  canals,  sonjc  of  the 
cells  collecting  here  and  there  into  groups  adherent  to  the  walla  of  the  canals 
and  projecting  into  their  lumen.  These  are  the  so-called  "'blood-islands'' 
(Fig.  96,  c),  and  the  ccIIb  which  compose  them  separate  later  on  and  become  the 
embryonic  blood-corpuscles.  The  blood-vessels  early  extend  in  toward  the  em- 
bryo from  the  vascular  area,  the  new  vessels  arising  as  bud-  or  spur-like  out- 
growths from  those  already  existing.  Eventually,  the  vasifactive  process  reaches 
the  embryo  and  the  developing  vessels  come  into  contact  and  communicate  w*ith 
the  heart,  which  by  this  time  has 
heen  formed  and  is  already  pul- 
Bfttin<^  before  the  vessels  reach  it. 

The  earliest  embryonic  red 
blood-corpuscles  are  all  nucleated 
and  are  more  properly  termed 
blood^^celh^  true  blood-corpuscles, 
wliich  in  all  the  mammalia  ai^ 
Don-nucleated,  making  their  ap- 
pearance about  the  second  month 
of  development  and  gra<lually  re- 
placing the  embryonic  blood-cells. 
The  origin  of  the  corpuscles  is 
somewhat  uncertain ;  some  em- 
Lryologists  believe  them  to  bo 
formed  from  the  blood-cells  by  the 
extrusion  of  the  nuclei  of  the 
latter,  while  others  maintain  that 
they  are  special  formations  devel- 
oping in  the  protoplasm  of  the  red  blood-cells  and  being  thus  from  the  beginning 
non-nucleated.  In  later  life  the  formation  of  red  corpuscles  seems  to  occur  in 
the  marrow  of  the  bones.  The  white  corpuHcles  or  leiicocj/te^  appear  very  early 
in  development,  but  their  exact  origin  is  not  known  ;  probably  they  arise  from  the 
mesoblastic  tissue  outside  the  blood-vessels  and  migrate  into  their  interior.  The 
Titelline  circulation  commences  about  the  fifteenth  day  and  lasts  till  the  fifth 
week.  When  fully  established  it  is  carried  on  as  follows:  Proceeding  from 
the  tubular  heart  are  two  arteries,  the  first  aortic  arteries  {Fig.  97),  which 
unite  at  some  distance  from  the  heart  into  a  single  artery.  This  runs  down  in 
front  of  the  primitive  vertebrae  and  behind  the  walls  of  the  intestinal  cavity, 
and  again  divides  into  two  primitive  aorfce  or  vertebral  arteries,  and  these  give 
off  five  or  six  omphalo-mesenterie  arteries,  which  ramify  in  that  part  of  the  blas- 
toderm which  surrounds  the  developing  body  of  the  embryo,  and  which  is  known 
as  the  vascular  area.  They  terminate  peripherally  in  a  circular  vessel — ^the 
terntinal  Minus.  This  vessel  surrounds  the  vascular  portion  of  the  germinal  area, 
but  does  not  extend  up  to  the  anterior  end  of  the  embryo.  It  terminates  on 
either  side  in  a  vein  called  the  om/}halo-mei*enteric.  The  two  oraphalo-mesenteric 
veins  open  into  the  opposite  extremity  of  the  heart  to  that  from  which  the  arte- 
ries proceeded, 

2.  Tlie  Placental  Circulation, — As  the  umbilical  vesicle  diminishes,  the  allan- 
tois  and  the  placenta  develop  in  the  manner  already  indicated.  When  the  um- 
bilical vesicle  disappears  the  latter  becomes  the  only  source  of  nutrition  for  the 
embryo.  The  allantois  carries  with  it  to  the  placenta  two  arteries,  derived  from 
branched  of  the  primitive  aorta,  and  two  veins ;  these  vessels  become  much 
enlarged  ns  the  placental  circulation  is  established,  but  subsequently  one  of 
the  feina  disappears,  and  in  the  later  stages  of  uterine  life  the  circulation  is 


TiCr.  %.~A  portion  of  the  va8<^ul&r  area  of  a  chick  .embryo, 
ci.  Bl  nod 'Vessels  fanning  a  network. 
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Fio,  97.— Heart  at  the  rtfth  week. 
A.  Ofioned  from  the  alMJomiiml  aspect. 
1.  Arterial  sinuit.  2.  Aortic  arrhea 
uniting  behind  to  form  the  f]e«r ending 
aorta.  3,  Auricle.  4.  Aurieulo-ven- 
lrk'ularorifii:e,  h.  Comnni^nclnffst^ptnni 
ventrieulorura.  G.  Ventriele.  7,  In- 
ferior vena  cava,  b,  Pmsterinr  view  «if 
the  same.  1.  Trachea.  2,  Lnni^H,  3. 
Veutriclefi.  4,5.  Anricles.  6.  Diajphragm. 
7.  Deaiendlng  aorta,  H,  &,  10.  Pjieumo- 
gastrie  nerves  and  their  branches. 


carried  on  between   tbe   frjetus   and   the  placenta  by  two  arteries  and  one  vein 
{iimbiUctxl). 

During  tbe  occurrence  of  these  changes  great  alterations  take  place  in  the 

primitive   lieart  and  blood-vessels^  above  alluded 
to,  which  will  now  require  description. 

Further  Development  of  the  Heart, — ^The  sim- 
ple median  tube,  formed  by  tbe  coalescence  of  the 
pair  of  tubes  of  which  the  primitive  heart  con- 
sists, becomes  elongatctl  and  bent  on  itself,  j^o  as 
to  form  an  S- shaped  tube,  the  anterior  part  of  the 
tube  bending  over  to  the  right,  and  the  posterior 
to  the  left.  At  tlie  same  time  tbe  middle  portion 
is  protruded  forward  and  arches  trans versally  from 
right  to  left  and  at  tlie  same  time  becomes  twisted 
on  itself,  so  that  the  extremity  from  which  the 
arteries  are  prolonged  is  situated  in  front  and  to 
the  right,  and  that  into  which  the  veins  enter  is 
behind  and  to  the  left.  Tbe  bent  tube  then  be- 
comes divided  by  two  transverse  constrictions 
into  three  parts.  One,  the  posterior,  becomes 
the  auricles,  the  middle  one  forms  the  two  ventricular  cavities,  while  tbe  anterior 
forms  the  aortic  bulb,  from  which  tbe  commencement  of  the  aorta  and  pulmonary 
artery  is  developed.  A  division  of  each  of  these  cavities  now  takes  place, 
so  as  to  convert  tbem  into  right  and  left  ventricle,  right  and  left  auricle, 
and  aorta  and  pulmonary  artery  respectively.  In  tbe  middle  portion  of  the 
tubular  heart,  the  rudimentary  ventricular  cavities  (Fig,  S.)7,  a^  5\  a  par- 
tition rises  up  from  tbe  lower  part  of  tbe  right  wall  of  this  cavity,  and 
gradually  grows  np  until  it  reaches  the  constrictions  which  separate  it  from  the 
otber  two,  and  thus  the  interventriciilar  septum  is  eom|deted.  At  tbe  same  time 
a  cleft  appears  on  the  outside,  a  little  to  the  right  of  the  most  prominent  point, 
which  ultimately  becomes  tbe  apex  of  the  heart.  Tbe  cleft  becomes  less  marked 
as  development  progresses,  but  remains  to  some  extent  persistent  throughout  life 
as  the  interventricular  groove. 

The  first  appearance  of  a  division  in  the  posterior  or  auricular  portion  of  the 
tabular  heart  makes  it.s  appearance,  at  a  very  early  period  of  devtdopment,  in 
tbe  shape  of  two  projecting  poucbes,  one  on  either  side;  these  are  tbe  rudiments 
of  the  auricular  appendages,  but  the  actual  division  of  the  cavity  by  a  septum 
does  not  occur  until  some  time  later.  This  is  formed  by  the  growth  of  a  partition 
from  tbe  interior  wall  of  the  auricular  cavity,  which  grows  backward,  and  par- 
tially separates  tbe  cavity  into  two.  The  partition,  however,  is  not  completed 
until  after  birtb,  a  part  remaining  undeveloped,  and  thus  |>ermitting  of  a  com- 
munication (/^jr^iw^^^  r^i'rT^f)  between  tbe  two  auricles  during  the  whole  of  foetal 
life.  In  a  like  manner  the  aortic  bulb  is  divided  into  two  by  the  growth  of  a 
septum  downward,  from  tbe  distal  end  of  tbe  bulb,  which  divides  the  cavity 
into  the  permanent  aorta  and  tbe  pulmonary  artery,  and,  uniting  below  wito 
the  upper  edge  of  tbe  interventricular  septum,  places  the  aorta  in  cora- 
munieation  with  the  left,  and  the  pulmonary  artery  with  the  right  ventricle. 
Very  soon  a  superficial  furrow  appears  on  the  external  surface  of  this  portion  of 
the  heart  corresponding  to  the  septum  internally,  and,  becoming  deeper,  the  two 
vessels  are  gradually  separated  from  each  other  through  the  septum,  in  the  imme- 
diate neighboi'hood  of  the  ventricular  portion  of  the  heart,  whilst  beyond  this  they 
still  renmin  joined  together,  and  give  origin  to  the  fourth  and  fifth  aortic  arches, 
presently  to  be  described. 

Further  Ih'vehrpment  of  the  Arteries^ — In  tbe  vitelline  circulation  two  arteries 
were  described  'ds  coming  off  from  tbe  primitive  beart,  and  running  down  in  front 
of  the  developing  vertebrae.  The  first  change  consists  in  the  fusion  of  these 
arteries  into  one  at  some  distance  from  the  heart,  thus  forming  the  descending 
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thomcic  and  abdominal  aorta.  In  consequence  of  the  heart  falling  backward  to 
ihe  lower  part  of  the  neck  and  then  into  the  thorax  as  the  hciid  is  develo|ied,  the 
two  original  arteries,  proceeding  frotn  the  heart  to  the  point  of  fusion  in  the  com- 
mon descending  aorta  become  elongatetl,  and  assume  an  arched  form,  curving 
backward  on  each  side,  from  the  front  of  the  body  toward  tlie  vertebral  column 

■  (Fig*  98,  a).     The^^e  are  the  first  or  primitive  aortic  arches.     As  the  heart  recedes 

■  into  the  thorax,  and  these  arches,  which  correspond  in  position  to  the  first  pharyn- 
geal or  mandibular  arch,  become  elongated,  four  pairs  of  arches  are  formed  behind 
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Fir,  »^.— ni^pram  of  Ihe  formation  of  the  iiortlt:  arches  and  the  liirpe  arteries,  i.n.  hmv.  v.  fir*t* second,  third, 
|bunh»  Hud  ftnh  aortic  ftrHiw*.  A,  Common  trunk  from  whirh  lh«  first  ptOr  snrinjf ;  the  place  where  the  succeed- 
Ingjatri  <^'    "'  •  Heated  bv  dotted  lines,    b.  Conimon  trunks  with  fuur  arehe<^  nnd  a  trace  of  the  fifth. 

C  Obllllbi  i^'  thrt'«*  fast  |»nlrH.  the  HrF.l  tw<>  having  Iwen  ubliN'nilcd-     n.  Tht- ptTslj^tcut  arterle«, 

IbCeewti'i  ired  beinj?  indicated  hv  dotted  lines.    \.  Comnion  ttrteriftl  trunk.    1',  Thoracic  aorta. 

JL  Rh'^t  I  lit   Lilt'  rummoti  trunk  which  is   only  tempomry-    4.  IjcR  bruncli,  i^iemianent.    5»  AxiUary 

«Tt*  braJ.  7,  8.  .Subclavian.    *J.  Common  en  rut  id.    1®.  External ;  and  11,  Internal  carotid.    12.  Aorta. 

I3w  I  irtery.    11,15.  Hight  and  It: a  pulmonary  arteries. 

ihem  around  the  pharynx  (Fig,  98),  The  arches,  five  in  number,  remain  per- 
manent in  fishes,  giving  off  frtuu  their  convex  borders  the  branchial  arteries  to 
snpply  the  gills.  In  many  animals  the  five  pairsi  do  not  exis^t  together,  for  the 
first  two  have  disappeared  before  the  others  are  fi>rmed ;  but  this  is  not  so  in  man, 
where  all  '^x^  arches  arc  present  ancl  jjervions  during  a  certain  |>eriod  of  embryonic 
existence.  Only  some  of  the  arches  in  mammalia  remain  as  permanent  structures  ; 
other  arches,  or  portions  of  them,  become  oblitei^ated  or  disappear.  The  first  two 
arches  entirely  disappear.  The  third  remains  as  a  part  of  the  internal  carotid 
arterv,  the  remainder  being  formed  by  the  upper  part  of  the  posterior  aortic  root — 
I.  e.  the  desceniling  part  of  the  original  vessel  which  ]♦  roc  ceded  frotn  the  rudiment- 
ary tubular  heart.  The  commrui  and  external  candid  are  formetl  from  the  ante- 
rior aortic  root;  that  is,  the  ascending  portion  of  the  same  primitive  vessel.  The 
fourth  arch  on  the  left  sidt*  becomes  developed  into  the  permanent  arch  of  the 
aorta  in  raaranials;  but  in  birds  it  is  the  fourth  arch  on  the  right  side  which  fonns 
the  aortic  arch  ;  while  in  reptiles  the  fourth  arch  on  both  siiies  persists,  as  there 
is  a  permanent  double  aoi^tic  arch.  The  fourth  arch  on  the  right  side  forms  the 
subclavian  artery,  and  by  the  junction  of  its  commencement  with  the  anterior 
aortic  root,  fmm  which  the  common  carotitl  is  developed,  it  forms  the  innominate 
artery.'  The  fifth  arch  on  the  left  si<le  forms  the  pulmonary  artery  and  the  duc- 
tus arteriosus;  that  on  the  right  side  becomes  atrophied  ami  disappears.  The  first 
part  of  the  fifth  left  arch  remains  connected  with  that  part  of  the  bulbous  aorta 
which  is  separated  as  tlie  pulmonary  stem,  an<l  with  it  forms  the  common  pul- 
monary artery.  From  about  the  middle  of  this  arch  two  branches  are  given  itflT. 
which  form  the  right  and  left  pulmonary  arteries  respectively,  and  the  remaining 

fiortioD — r.  e,  the  [)art  beyruid  the  origin  of  the  branches,  communicating  with  the 
eft  fourth  arch,   that  is,  the  descending  part  of  the  arch  of  the  aorta — constitutes 
jbe  ductus  arteriosus.     Tliis  duct  remains  pervious  dui*ing  the  whole  of  fretal  life, 
after  birth  becomes  obliterated. 

The  development  of  the  arteries  in  the  lower  part  of  the  body  is  going  on  dur- 
ing the  same  time.  We  have  seen  that  originally  there  were  two  primitive  arteries 
coming  off  from  the  primary  tubular  heart,  and  that  these  two  vessels,  at  some 

'  This  ii»  interesting'  in  connection  with  the  position  of  the  recnrrent  laryngeal  nerve,  which  ifi 
thoftMen  to  hook  round  Ihe  tame  pHrniiive  frfful  sttriicturej  which  becomes  on  the  right  side  the  sttb- 
dariaii  artery,  on  the  left  the  arch  of  the  aortn. 
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distniice  from  the  heart,  became  fused  together  to  form  a  single  median  arterv, 
wliich  coursed  down  in  front  of  the  vertebm?  to  the  bottom  of  the  spinal  cohtran, 
foriiiing  the  ])ermiinent  descendint^  aorta*  From  the  extremity  of  this  the  two 
vitelline  arteries,  which  were  originally  parts  of  the  primitive  main  tninks,  pas,-? 
to  the  ari-ea  va^ciiiosa.     As  the  umbilical  vesicle  dwindles  and  the  allantois  grows. 
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Pio,  99— DiacTftm  to  show  the  destination  of  the  artertftl  arc^hes  hi  rnati  and  mam  mats.  (Hodifled  from 
Rathke.  From  Quain's  Analomu,  vol  i.  pL  I,  IS9CI.)  The  truucus  arteriosus  and  the  five  arlerial  arches  springltiif 
from  it  an?  ri'Dret$eiite<l  in  {juilitiic  only  ;  th«  iMsrmaneni  veas«la  In  coloini— ^It^ose  belonging  to  the  aortic  system 
red,  to  tho  pulmonary  system  blue. 

two  large  branches  are  formed  as  lateral  offshoots  of  the  median  aorta.  These  are 
the  two  nmbtliCfil  or  hifpngtwirk*  arteries,  and  are  concerned  in  the  placental  circ^t- 
lation.  The  portion  of  the  median  aorta  beyond  this  point  becomes  much  dim  in* 
ished  in  sixe*  and  eventually  forms  the  .sacra  media  artery,  and  thus  the  two 
nmbilical  branches  become  in  appearance  bifurcating  branches  of  the  maiti  aorta. 
The  cnmui^ui  ami  internal  iliac  arteries  are  developed  from  the  proximal  end  of 
these  umbilical  arteries;  the  middle  portion  of  the  vessel,  after  birth,  becomes 
partially  atrophied,  but  in  part  remains  pervious  as  the  superior  vesical  artery  ;  the 
distal  portion  becomes  obliterated,  constituting  part  of  the  superior  ligament  of 
the  bladder.  The  external  iliac  and  femoral  arteiies  are  developed  from  a  small 
branch  given  oflT  tVom  the  umbilical  arteries  near  their  origin,  and  arc  at  first  nf 
com  pa  la  t  i  v  e  1}'  s  m  all  s  i  ze . 

Jjevtlopment  of  f/te  J\'iiis, — The  formation  of  the  great  veins  of  the  embryo 
may  be  best  considered  under  two  groups,  visceral  and  parietal. 

The  visceral  are  derived  from  the  vitelline  and  umbilical  veins.  In  the  earliest 
perj*>d  of  the  circulation  of  the  embryo,  we  have  seen  that  there  were  two  vein?* 
(vitelline  or  omphalo-mesenteric)  returning  ihe  hloi>d  from  the  vitelline  membrane. 
These  unite  together  to  form  a  single  channeb  the  ttinus  vvhohha,  which  opens  into 
the  auricular  extremity  of  the  heart.  As  soon  as  the  placenta  begins  to  be  formed 
two  umbilical  veins  a|*pear  and  open  into  the  sinus  venosus,  close  to  the  vitelline 
veins.  The  two  vitelline  veins  enter  the  abdomen  and  rim  upward  on  either  side 
of  the  intestinal  cauid  ;  at  the  upper  part  of  the  abdomen,  iu  the  site  of  the  future 
liver^  which  now  begins  to  form  around  them^j  transverse  communicaTions  are 
formed,  which  encircle  the  duodenum  and  enclose  it  in  two  vascular  rings.     The 
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portion  of  veins  above  these  vascular  rings  loses  its  conDection  with  the  sinus, 
while  the  portion  between  them  breaks  up  into  a  capillarv  plexiL*,  which  ramifies 
in  the  now  partially  developed  liver  together  with  capillary  vessels  from  the  upper 
venous  ring.  Of  these  latter,  some  pavss  toward  the  heart  and  join  the  sinus. 
They  have  received  the  name  of  the  veiui*  hepaticiP  revchetiteif,  and  eventually 
become  the  hepatic  veins;  others  ramify  in  the  liver,  under  the  name  of  t^^no* 
hepatie(f  advehentes,  ami  become  the  branches  of  the  portal  vein.  The  lower 
vascular  ring  receives  veins  from  the  stomach  and  intestines,  and  becomes  the 
commencement  of  the  portal  vein. 

The  umbilical  veins  at  first  open  into  the  sinus  venosus  near  to  the  vitelline 
veins.     Subsequently  this  communication  becomes  interrupted  by  the  develop- 


'iiioj. 


Tig.  100.— Diagmm,s  Ulustrutlng  the  (It-vHopraent  of  the  sfrcat  veins.  The  flret  fipin^  shows  thec&rdlno! 
Tcins  emptyiTiu  into  the  heart  by  t\vol«teml  trunks,  "  the  dmcli  «f  Cuvler.**  The  Bef*<«iMl  (^giire  *!h»>\V8  the  forma- 
ihiTi         ■  I  L  ciiv.i?  and  thf  uattui  of  the  W(t  ll!ae  with  the  right  rurdlnaL  a.  Iiiferhir  venti  eavR.    L  Ix^ft  In* 

o<n  Tht*  third  tijruro  shows  the  ciinilniil  veins  murh  diminished  In  size  and  the  dnri  of  Cnvier,  eiTi 

tbt  iduallv  diiiiinihhlng.  t\  Vena  azy^ms  minor,    Th«  fourlh  fiinire  showj^  tbendiiU  fjondition  of  the 

VfTi  I.  Might  ftiirtek^  of  lieart.     1.  Vena  cavti  snjjerlor.    3.  Jn^liir  veins.    -4.  Siibclnvittn  veins. 

5,  \  iferlor.    €.  Iliac  vein;;,    7.  Lnuibar  vt'injs.    8.  Verm  uzvg:<*  iwttjor,    9,  Vena  azypp*  minor,    lu,  Su 
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ment  of  a  vascular  network  :  the  vein  on  the  right  side  atrophies  and  disappears, 
while  that  on  the  left  side  greatly  enlarges,  as  the  placental  cireulHtion  beenmes 
established,  and  oomm imitates  with  the  upjier  vt-nous  circle  of  the  vitelline  eir- 
eulation.  Finally  a  bianch  is  formed  between  the  upper  venous  circle  aiHl  the 
right  hepatic  veins,  which  becomes  the  due  fits  vi^nosu^y  and  by  it  most  of  the  blood 
from  the  umbilical  vein  is  carried  direct  to  the  heart. 

The  Parietal  Veins, — The  first  appearance  of  a  parietal  system  consists  in  the 
appearance  of  two  short  transverse  veins  (the  duets  of  (Mvh'r),  which  open  on 
either  side  of  the  auricular  portiiin  of  the  heart.  Each  of  these  duets  is  formed 
by  an  ascending  and  descending  vein.  The  asceniling  veins  return  the  blood  from 
the  parietes  of  the  trunk  ami  the  Wolffian  bodies,  antl  are  called  eardinal  veins. 
The  two  descending  ones  return  the  blood  (Fig.  100)  from  the  head,  and  are 
called  primitive  jugular  veins.  The  cardinal  veins  receive  the  blood  returning 
from  the  lower  limb  throtigh  the  iliac  veins.  At  first  the  right  jind  Irft  iliac  veins 
open  into  the  corresponding  cardinnis,  but  later  a  conneetnig  vein  tnrms  between  the 
lowerfiortions  of  the  canlinals,  and  through  this  the  blood  of  the  left  iliac  fiows  over 
to  join  the  right  cardinal.  At  the  same  time  a  large  venous  trunk,  which  receives 
the  blood  from  the  kidneys,  forms  along  the  middle  line  of  the  posterior  abdom- 
inal wall  and  unites  below  with  the  right  cardinal  and  above  with  the  common 
trunk  of  the  vitelline  and  umbilical  veins  above  the  point  of  entrance  of  the 
fenae  revehentes*     This  is  the  inferior  vena  cava.     A  portion  of  the  right  cardi- 
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Bal,  above  the  point  of  junction  of  the  vena  cava,  becomes  obliterated,  the  npper 
portion^  which  receives  some  of  the  lumbar  and  the  intercostal  veins,  persisting 
as  the  vena  azygos  major;  \shile  the  left  cardinal,  separating  below  from  the  left 
iliac,  sends  a  branch  across  the  middle  line  of  tbe  body  to  form  a  communication 
with  the  azygos  major  and  persists  as  the  azygos  minor. 

The  veins  first  formed  in  the  npper  part  of  the  trunk  are,  as  above  stated,  the 
primitiVf  jiifjidar  veins.  In  the  greater  part  of  their  extent  they  become  the  internal 
juguhir  vein.  Shortly,  two  small  branches  may  be  noticed  opening  into  tliem  near 
their  termination;  tht-se  form  the  subehivian  veins.  From  thejioint  of  Junction  of 
these  veins  on  the  left  side,  a  communicating  brand}  makes  its  appearance,  running 
obliquely  across  the  neck  downward  and  to  the  right,  to  open  into  the  |>rimitive 
jugular  vein  of  the  right  side  below  the  point  of  entrance  of  the  subclavian  vein. 
At  the  same  time,  in  consequence  of  the  alteration  in  the  position  of  the  hc^art, 
and  its  descent  into  the  thorax,  the  direction  of  the  ducts  of  Cuvier  becomes 
altered,  and  they  assume  an  almost  vertical  position.  From  the  portion  of  the 
primitive  jngular  veins,  above  the  branch  of  communication,  the  internal  jugu- 
lars are  formed,  except  that  part  of  the  right  one  which  lies  between  the  point 
of  entrance  of  the  subclavian  of  this  side  and  the  termination  of  the  communi- 
cating branch,  which  becomes  the  right  innominate  vein.  The  communicating 
branch  becomes  the  left  innominate  vein,  Tlie  primitive  jugular  of  the  right 
side,  below  the  communicating  vein,  and  t!te  right  duct  of  Cuvier,  become  the 
vena  cava  superior,  into  which  the  right  cardinal  (vena  azygos  mjyor)  enters. 
The  lower  part  of  the  left  primitive  jugular  becomes  almost  entirely  oblite- 
rated, except  at  its  lower  end,  where  it  remains  as  a  6brous  band,  or  sometimes 
a  small  vein,  and  runs  obliquely  over  the  posterior  surface  of  the  left  auricle. 
The  termination  of  the  left  duct  of  Cuvier  remains  persistent,  and  forms  the 
coronary  sinus  (Fig.  I'lO),  the  left  cardinal  separating  from  it  and  emptying  its 
blood  through  the  transverse  connecting  branch  into  the  vena  azygos  major, 
The  f<X!tal  circulation  is  deseriljed  at  a  future  page. 

DevelopmeEt  of  the  AlimeEtary  Canal. — The  development  of  the  intestinal 
cavity  is.  as  shown  above  (page  H)!'),  one  ttf  tlie  earliest  phenomena  of  embryonic 
life.  The  original  intestine  enusists  of  an  intlection  of  ihe  hypoblast  extending 
from  one  end  of  the  embrvi)  to  the  other,  and  is  situated  just  below  the  primitive 
vertebnil  column.  At  either  extremity  it  forms  a  cb»sed  tube,  in  ctinse<juence  of 
the  cejjhulic  and  caudal  flexures  (page  109),  and  this  manifestly  divides  it  into  three 
parts;  a  fmnt  part,  enclosed  in  the  cephalic  fold,  called  ih^^  fWe-^jut ;  a  posterior 
part,  enclosed  in  the  caudal  fold,  the  hinJ-^ut ;    and  a   central   part  or  mid-ffut^ 
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Fig.  lOL— DiftgrammaUcoutliiu"  nf  n  lunifituclinAl  vertical  set  tltm  uf  the  L'hiek  on  the  fnurth  d*y. 
Ep}bl&at.  *m.  Soiniith!  meaoblast.  ht/.  Hy^mUlust,  rm.  VisccthI  mt"So!»|^tsl.  i{f.  rt|ihalii'  fmkl.  pf,  CiiiidAl  fof<. 
out.  Cavity  of  true  amnion,  v*-  Yolk  hju"  i.  IntesiiiK'.  ^,  Stmuiuh  nnd  pbnry  nx.  a.  Future  amis.  «C1U  cIosihI. 
m.  The  moath.  me.  The  me^eiitory.  ^i/.  The  allantoic  vtrskle,  pp.  Space  Wtween  inner  and  outt^r  fiild^  of 
amnion.    (From  Quain'a  AnAtoinu,  Allen  Thtamson.) 

which  at  this  time  freely  communicates  with  the  umbilical  vesicle  (Fig.  lOl)* 
The  ends  of  the  fore-  and  hind-gut  ilo  not  communicate  with  the  surface  of  the 
body,  the  buccal  and  anal  <»rifices  being  subsetpiently  furmed  by  involutions  uf  the 
eniblaat,  which  later  on  form  communications  with  the  gut.     From  the  fore-gut 
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Fig*.  102  AKEi  10.1.— Early  form  of  the  allmen- 
lar>'c*iiiiil.  (From  K6llikernfttrBt*rhot!.)  In  Vrz 
n  fnml  view,  and  in  KW an  anttro^inxsteriur  section 
Krt'  rvpff'Sfc-ntfcl.  <i.  Four  pharynj^'val  nr  visicral 
nldtes.  h.  The  phnrjnx.  c,  c.  The  cornmenthiif 
hutpj.  */.  The  wtoTOAch.  /.  /  The  divertleiila 
nuiuected  with  the  funnatlon  of  the  liver,  g. 
The  yolk-sac  into  which  the  middle  inteKtJnal 
^rrrtove  openi,  A.  The  posterior  ymri  of  the 
fnlcstine. 


art*  cievebped  the  pharynx,  tesopbagiis,  stomach,  and  duodenum ;  from  the  hind- 
gut,  a  part  of  the  rectum :  and  from  the 
middle  division,  the  rest  of  the  intestinal 
tube  (Figs.  102  and  103).  The  changes 
which  take  pUice  in  the  fore-gut  are  as  fol- 
lows :  The  middle  portion  becomes  dilated 
to  form  the  stomach,  and  undergoes  a  ver- 
tical rotation  to  the  right,  so  that  the  pos- 
terior border,  by  whieh  it  is  attached  to  the 
vertebral  caluran  by  a  mescnter)^  is  now 
directed  to  the  left,  and  the  anterior  border 
to  the  right.  At  this  time  it  is  straight,  but 
it  soon  undergoes  a  lateral  curve  or  beud  to 
the  right  at  its  upper  end*  It  thus  assumes 
an  oblique  direction,  and  the  lift  border 
(originalWthe  posterior  or  attacheil  border) 
becomes  inferior,  and  torms  the  great  cur- 
i^ature.  The  mesentery  by  which  it  was 
attached  forms  the  great  omentum.  The 
portion  of  the  fore-gut  above  this  dilatation 
remains  straight,  forming  the  pharynx  and 
c^phagus,  while  the  pnrt  below  the  dilated 

ach  forms  the  duodenum,  and  in  con- 

tion  with  this  the  liver  and  pancreas  are 
developed. 

The  hind-gut  is  also  a  closed  tube,  and  from  it  the  middle  third  of  the  rectum 
is  developed,  as  well  as  the  allanrois  (page  113),  which  will  be  again  referred  to  in 
connection  with  the  development  of  the  bladder. 

The  mid-qnt  is  at  first  an  open  cavity  freely  communicating  with  the  umbilical 
vesicle.  As  the  body*wails  grow,  this  communication  eontracts  very  materially, 
though  it  still  exists  to  a  certain  extent,  and  the  open  cavity  becomes  converted 
ijito  a  straight  tube,  still  open  where  it  communicates  with  the  umbilical  vesicle. 
This  tube  grows  ra|>idly  in  length,  and  presents  a  primitive  curve  or  loop  down- 
ward and  forward,  and.  in  conr^eipience  of  its  growth  exceeding  that  of  the  walls 
of  the  body-cavity,  a  portion  of  the  loop  protrudes  into  the  stalk  of  the  umbilical 
vesicle.  At  a  subsequent  period,  however,  the  walls  of  the  abdomen  grow  more 
rapidly  than  the  intestine,  which  again  recedes  into  the  hody-cavity.  At  a  short 
distance  below  the  most  piomiuent  point  of  this  loop  a  diverticulum  arises*  which 
marks  the  separation  between  the  large  and  snuill  intestine.  The  lower  jtart  of  this 
diverticulum  forms  the  vermifoiTn  appendix;  the  proxiuuil  part,  by  its  continued 
grow^th,  constitutes  the  ciecum*  After  this  the  arjteiTor  or  upj>er  part  of  the  gut, 
corresponding  to  the  small  intestine,  rapidly  increases  iu  length,  and  about  the 
eighth  week  becomes  convoluted.  The  lower  or  posterior  part,  corresponding  to  the 
large  intestine,  is  at  first  less  in  calibre  than  the  upper  part,  and  lies  wholly  to  the 
left  side  of  the  convolutions  of  ihe  small  intestint*;  but  later  on  tlie  curve  of  the 
large  intestine  begins  to  form,  and  the  first  part  (ascejiding  eobm)  slowly  ei*osses 
over  to  the  right  side,  first  lying  iu  the  middle  Hue,  just  below  the  liver.  It  is  not 
antil  the  sixth  month  that  the  eieeum  descends  into  the  right  iliac  fossa,  and  so 
drmgs  the  ascending  colon  into  its  normal  jyosition  in  the  right  flank. 

The  peritoneal  cavity  is  the  space  left  between  the  visceral  and  parietal  layers 
of  the  mesoblast,  and  the  serous  membrane  is  developed  fi*om  these  structures.  The 
mesenteries  are  formed  from  mesoblastic  tissue  extending  between  the  vertc^br^  and 
the  gut  which  develops  the  vascular  and  connective-tissue  elements  of  these  parts. 

The  buccal  cavity  is  formed  by  an  involution  of  the  external  layers  of  the 
blastoilermic  membrane,  which  passes  ioward  and  meets  the  pharynx,  or  upper 
part  of  the  fore- gut.  The  two  cavities  are,  however,  at  first  completely  separated 
from  each  other  by  all  the  layers  of  the  blastoderm ;  hut  at  an  early  period  of 
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develo|mierit  a  vertical  slit  ap]>eur3  bet^veeri  them;  tlii^  gradually  widen?!!  and 
becomes  the  opening  by  ^vhich  the  eomtnon  cavity  of  the  nose  and  mouth  commu- 
nicates witli  tlie  pharynx.  The  common  cavity  is  afterward  divided  into  nose 
and  mouth  by  the  development  of  the  palate,  in  the  manner  f«|Kiken  of  above. 

The  (ouffue  appears  about  the  fifth  week  as  a  small  elevation  behind  tbe 
inferior  maxillary  arch,  ti>  wbieb  a  pair  of  eleviitioriJ^,  arising  from  the  junction 
of  the  third  and  fourth  pharyngeal  sirehes,  is  united^  The  line  of  union  of  the 
three  elevations  is  indicated  by  the  V-shaped  groove  in  which  the  circum vallate 
papilhe  are  situated.  The  epitheliiil  layer  is  furnished  by  the  epibhist.  The 
tonsils  sippear  about  the  fourth  month. 

The  nnu>i  is  also  formed  by  an  inflection  of  the  epiblast,  which  extends  inward 
to  a  slight  extent,  and  approaches  the  termination  of  the  hind-gut  and  fiually  com- 
municates with  it  by  a  solution  of  continuity  in  the  septum  between  the  two.  The 
persistence  of  the  ftetal  septum  at  either  the  buccal  or  anal  orifices  constitutes  a 
well-known  deformity — imperforate  avsophagus  or  imperforate  rectum,  as  the  case 
may  be. 

The /tVfT  appears  after  the  Wolffian  bodies,  abont  the  third  week,  in  the  form  of 
a  bifid  process,  projecting  from  the  intestine  at  that  part  which  afterward  forms  the 
duodenum.  This  process  grows  rapidly,  its  terminal  hd»es  branching  ahiimhintly 
to  form  a  complicated  tubular  gland.  The  duct  of  the  gland  becomes  the  nniin 
duct  of  the  liver,  while  the  lobes  become  transformed  into  the  right  and  left 
lobes  of  the  liver  and  surround  the  vitelline  and^  later,  the  umbilical  veins»  wliich 
break  up  into  a  capillary  plexus  and  ramify  in  their  substance.  About  the  third 
raontli  tiie  liver  abuost  fills  the  abdominal  cavity.  From  this  period  the  relative 
development  of  the  liver  is  less  active,  more  especially  that  of  the  left  lobe,  which 
now  becomes  smaller  than  the  right;  but  the  liver  remains  up  to  the  end  of  foetal 
life  relatively  larger  than  in  the  adult. 

The  iffiii-hhtdthr  a])pears  about  the  second  month,  as  an  extension  of  the  cavity 
from  which  the  main  duct  of  the  liver  is  developed  ;  and  bile  is  detected  in  the 
intestines  by  the  third  month. 

The  jmnerf-as  is  also  an  early  formation,  being  far  advanced  in  the  second 
month.  It,  as  well  as  the  salivary  glancls,  which  appear  about  the  same  period, 
originates  in  a  projection  from  the  hypoblastic  canal,  which  afterward  forms  a 
cavity,  and  the  lobules  of  the  glan^l  are  developed  from  the  ramifications  of  this 
cavity.  The  projection  for  the  pancreas  appears  on  the  ilorsal  wall  of  the  intes- 
tine, while  that  for  tlie  liver  is  on  tlie  ventral  surface,  siml  tlie  ducts  of  the 
two  glands  are  at  first  usually  sejKirated.  During  development  tlie  duct  of  the 
pancreas  shifts  its  position  toward  the  ventral  surface  an<l  finally,  as  a  rnle,  joins 
that  from  the  liver. 

The  spken  is  entirely  of  mesoblastic  origin*  as  it  originates  from  the  mes- 
enteric fold  which  connects  the  stomach  to  the  vertebral  column  (mesogastrinnx). 

Development  of  the  Respiratory  Organs. — The  lungs  appear  somewhat  later 
than  the  livt^i-.  1  hey  are  devdopcd  from  a  small  median  rifi-tir-Sfit'  or  diverticu- 
lunr  from  the  upper  jmrt  of  tlie  fore-gut,  immediately  behind  the  fourth  visceral 
cleft,  as  a  projection  from  the  epithelial  and  fibrous  laminae  of  the  intestines. 
During  the  fourth  week  a  pouch  is  formed  on  either  side  of  the  central  diver- 
ticulum, and  opens  freely  through  it  into  the  fore-gut  (pharynx).  From  these, 
other  (seccuulary)  pouches  are  given  off,  so  that  by  the  eighth  week  the  form  of  the 
lohes  of  the  lungs  may  be  made  out.  The  twf*  |)rimary  pouches  have  thus  a 
common  pedicle  of  communication  with  the  jiharynx.  This  is  developed  into  the 
trachea  (Fig.  97,  B),  the  cartilaginous  rings  of  which  are  percej)tihle  about  the 
seventh  week.  The  parts  which  afterward  form  the  larynx  are  recognized  as 
early  as  the  sixth  week — viz.  a  projectinn  on  either  side  of  the  pharvngcal  open- 
ing, which  is  the  ludituent  of  the  arytenoid  eartilage  and  a  transverse  elevation 
from  the  third  pharyngeal  arch,  which  afterwai^d  becfunes  the  epiglottis;  the 
vocal  cords  and  ventricles  of  the  larynx  are  seen  about  the  fourth  month*  Traces 
df  the  diaphragm  ajipear  in   the  form  of  a  fine  membrane,  separating  the  lungs 
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from  the  WolflSan  bodies,  the  stomach,  and  the  liver,  whilst  the  heart  is  still 
near  the  head.  As  the  diaphragm  extends  forward  from  the  vertebral  column  it 
separates  the  common  plcnro-peritoneal  cavity  into  two  part:?*  a  thoracic  and 
abdominal. 

Bevelopment  of  the  Urinary  Organs.— Three  distinct  seta  of  urinary  organs 
occur  in  the  embryo  at  different  periods  of  development,  two  of  them  being  more 
or  less  transitorv,  while  the  third  becomes  the  permanent  kidney.  The  first  to 
appear  is  the  pronephros  or  head-kidnetf  and  it  consists  of  a  yraall  number  of  some- 
>*hat  convoluted  tubules  which  develop  immediately  beliind  the  heart  in  the 
mesoblast  of  certain  of  the  protovertebral  somites*  The  tubules  are  segmentally 
arranged,  one  corresponding  to  each  protovertebra,  and  they  communicate  at  one 
extremity  with  the  c<xlom  and  at  the  other  with  a  longitudinal  canal  known  as 
the  scffmentifl  or  Wofjfian  duet.  Later  the  second  kidney  appears  below  the 
pronephros,  developing  in  a  similar  manner  and  forming  the  mesoneph7*08  or 
Wolffium  bodt/,  whose  tubules  are  also  at  first  arranged  segment  ally,  thoygh  later 
they  become  more  numerous  than  the  |»rotovtrtehrie  from  which  theyarise^  by  the 
formation  of  secondary  and  tertiary  tubules  by  budding  from  those  already  pres- 
ent. These  tubules  likewise  communicate  with  the  Wolffian  duct,  and  in  connection 
with  each  of  them  there  is  developed  a  little  knot  of  blood-vessels  which  projects 
into  the  lumen  of  the  tubule,  whose  wall  it  pushes  in  front  of  it,  and  forms  the 
Ma Ipigh ia n  h odf/  o r  <//o ;// e ru lus.  The  t li i r d  a Ti d  last  k i d n ey  to  appear  is  t h e  rti ei(t- 
nephroE  or  permanent  kidney,  which,  together  with  the  ureter,  arises  as  an  out- 
growth from  the  lower  end  of  the  Wolffian  duct. 

The  Wolffian  duct  is  perceptible  about  the  third  week,  forming  an  elongated 
ridge  of  cells  situated  on  either  side  of  the  primitive  vertehne  and  extending  from 
the  heart  to  the  lower  end  of  the  embryo.  It  makes  its  appearance  below  the 
heart  and  behind  the  common  plearo-peritoneui  cavity,  from  the  mesoblast  at  the 
point  of  separation  of  its  two  layers  into  somatopleure  and  sjdanchnopleiire,  this 
portion  of  the  mesobbist  being  termed  the  '"intermediate  cell  mass/'  The  ridge 
is  at  first  solid,  but  soon  a  tube  is  hollowed  out  in  it,  and  continuing  to  develop 
posteriorly  it  unites  with  the  proximal  end  of  tlie  allantois  which  forms  what  is 
termed  the  urogenital  sinus.  Thus  a  communication  is  established  through  the 
Wolffian  tubes  and  ducts  between  the  pleuro-peritoneal  cavity  and  the  cloaca  or 
binder  part  of  the  alimentary  canal.  The  next  step  is  the  formation  of  a  second 
duct  in  the  neighborhood  of  the  original  duct,  with  which  some  of  the  tubules  of 
the  anterior  part  of  the  segmental  body  (pronephros)  are  connected.  This  is  the 
Miillerian  duct.  The  ureter,  which  is  formed  later,  is^  as  has  been  described,  an 
offshoot  from  the  hinder  f»art  of  the  Wolffian  duet 

The  structure  of  the  Wolffian  body  is  in  many  respects  analogous  to  that  of 
the  permanent  kidney  (Fig.  104).     It  is  composed  partly  of  an  excretory  canal 

*  or  duct,  intu  which  open  numerous  ''con- 
duits,'* rectilinear  at  first,  but  afterward 
tortuous,  and  |>artly  of  a  cellular  or 
glandular  strueture,  in  which  Mai  pig- 
hian  tufts  are  found.  It  is  fixed  to  the 
diaphragm  by  a  superior  ligament,  and 
to  the  spinal  column  by  an  inferior  or 
inguinal  ligament.  Its  office  is  the  same 
as  that  uf  the  kidneys — vi/..  to  secrete 
fiuid  containing  urea,  which  accumidates 
in  the  bbidder.  When  the  permanent 
kidneys  are  formed,  the  greater  pan  of 
the  Wolffian  body  disappears,  Tht  rest 
takes  |mrt  in  the  formation  of  the  organa 
of  generation. 

The  functional  activity  of  the  Wolf- 
fian bodies  18  very  transitory:  they  attain  their  highest  development  by  the  sixth 


'Tie  loj.— Eniarsrrd  view  fmm  the  front  of  the 
\ttti  Wolffian  btidy  before  iht?  eslnbli«ihm(?iit  of  the 
*1MfT5rrf."in  of  «?x.  (From  Fam%  after  Kolx'It.j  a,  a, 
ilrtr  ilructure  of  the  W«»lfllan  twHly.  c, 
luct.  /►  Us  upper  extremity,  *?.  Its  term  1- 
i  r,  the  urogenital  hinu*..  A.  The  duct  of 
/  ftJ^  Ufiper,  Mill  eh*ed,  extn-rrilly,  *:.  [ts 
*  etid,  term  mil  ting  tn  the  ijrot,'eni!nl  ainus.  /► 
ji«»i  uf  blflittcmii  for  the  repr«j<]ui:llvti  organ, 
r  or  U?sitlcle* 
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week,  after  which  time  they  begin  to  decrease  in  size  and  have  nearly  disappeared 
by  the  end  of  the  third  month.  The  npper  pjirt  of  the  segmental  body,  the  prone- 
phnxs,  also  uodergoes  atrophy  ami  disappears.  In  the  male,  the  Wolffian  duct 
persists,  and  becomes  converted  into  the  vas  deferens,  the  Miillerian  duct  nnder- 
going  atrophy,  a  vestige  of  it.  however,  remaining  as  the  sinus  prostaticus: 
whereas,  on  the  other  hand,  in  trie  female,  the  Jliillerian  duct  remains  and 
becomes  converted  into  the  whole  length  of  the  genit;il  pa^ssages,  while  the  Wolf- 
fian duet  almost  entirely  disay^pears  and  remains  ordv  as  a  vestige.  Prior  to  this, 
however,  the  Wolffian  and  Miillerian  ducts  (together  with  the  ureter  when  tbrmed) 
open  into  the  common  urogenital  sinus  referred  to  above,  and  which  on  its  part 
communicates  with  the  terminal  portion  of  the  intestinal  cavity  w^hich  is  known 
as  the  cloaca  (Big.  105). 

As  the  allantoic  expands  into  the  urinary  bladder  this  common  cavity  is 
divided  into  two  by  a  septum,  find  the  urogenital  sinus  then  communicates  with 
the  anterior  division  and  the  rectum  with  the  posterior.  The  Wolffian  and  Miil- 
lerian ducts  are  soon  connected  by  cellular  substance  into  a  single  mass — the 
ijenital  cord — -in  which  the  Wolffian  ducts  lie  side  by  side  in  front,  and  the  ducts 
of  MUller  behind,  at  first  separate,  but  later  on  uniting  with  each  other. 

It  has  been  stated  that  the  kidney  (metanephros)  is  developed  from  the  lower 
part  of  the  Wolffian  ditet.  It  commences  a.^  a  tubular  diverticulum  from  the 
lower  part  of  the  segmental  duct,  close  to  the  cloaca.  It  extends  upward,  and 
becomes  divided  into  a  number  of  cjecal  tubules,  which  represent  the  commence* 
ment  of  the  several  divisions  of  the  pelvis  of  the  kidney.  These  tubules  are 
prolonged  into  a  solid  mesoblastic  blastema  situated   nt'ar  the  lower  end  of  the 

raesonephros.  The  tuhules  then  become  con- 
vohited,  and  masses  of  cells  accumulate  on 
their  exterior,  so  as  to  give  to  the  organ  an 
appearance  of  lobulation.  Between  these 
cells  vessels  are  develo]>ed,  and  the  vascular 
glomeruli  are  gradually  formed.  The  kid- 
neys at  first,  therefore,  consist  of  cortical 
substance  only,  but  later  on  the  proximal 
ends  of  the  tubes  bec*>me  straight  and  ar- 
ranged in  bundles,  and  thus  the  pyramidal 
structure  is  developed.  The  lobulation  of 
the  kidney  is  perceptible  for  some  time  after 
birth. 

The  uriuar^f  bladder^  as  before  stilted,  is 
formed  by  a  dilatation  of  the  lower  part  of 
the  stalk  of  the  ulhintois.  At  the  end  of  the 
second  month  this  forms  a  spindle-shaped 
cavity,  the  bladder,  which  communicates  with 
the  lower  part  of  the  primitive  intestine  by  a 
short  canal,  the  urogenital  sinus,  which  be- 
comes the  first  part  of  the  urethra.  The 
upper  purt  of  the  stalk  of  the  allantois,  which 
is  not  dibted»  forms  the  urac/ais;  this  extends 
up  into  the  umbilical  cord,  and  at  an  early 
period  of  embryonic  existence  forms  a  tube 
of  coumiunication  with  the  allantois.  It  is 
obliterated  before  the  termination  of  foetal 
life,  but  the  cord  formed  by  its  obliteration  is 
perceptible  throughout  life,  passing  from  the 
upper  part  of  the  bladder  to  the  umbilicus,  and 
it  occasionally  remains  patent  in  the  adult, 
constituting  a  well-known  malformation. 
The  suprarenal  bodies  are  developed  from  two  different  sources.     The  tnedul- 
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Fio.  ia5.— Diagram  of  the  pHtnltlve  im> 
R4^nUHl  orj^ans  in  tbt-  embryo  prt-viitus  to  f-ex- 
uiil  tlintiriftlon.  Thi'  \^tlns  are  *ihu\vii  t^Iiit'My 
In  profUe,  but  \h\.'  MilUerliin  and  WuKlhtii  duria 
jir«sotnfr<jiii  the  front.  3.  rrtiU*r>  4.  i'riiiiiry 
blftiMfr.  0.  I'rachu*.  ot,  Th**  nmm  of  bia^- 
Wm>\  frnm  which  ovnrv  or  leKtirle  h  aAcr- 
wttnl  fomiLMl  W.  lAyn  WnKliun  b<»clv,  x. 
Part  at  the  afn^x  fnnn  which  the  I'oni  vARini- 
losi  are  aaeruard  develojied  u-  w.  Kipht 
and  l<?a  Wollllan  dm  t».  m,  m,  Kiirlai  und  left 
MiiUerian  ductji  uuitinj^  lo^^tther  uiid  with  the 
Wo  I  Hi  an  dlirU  in  ijr,  the  KeiiiUl  cohl.  vff, 
SiiiLisi  uroKvnilalla.  i.  Lower  i«rtri  of  the  lutes 
tiuf.  d".  eoiiinj<)n«]ii>eDlntf  of  tlu"  Ink-ftinenTid 
uroi^t?iiltttl  sinus,  ctt.  K\v\tiii<>n  whirh  U- 
rtmu-s  eliioris  or  penis.  In.  KiiJ^ce  from  which 
the  labia  majora  or  scrotum  are  forme<I 
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part  of  the  orgaD  is  of  epiblastic  origin,  nnd  is  derived  from  the  tissues 
Bnning  the  sympathetic  ganglia  of  the  abdomen,  wliile  the  cortical  portion  is  of 
me^oblastic  origin,  and  originates  in  the  mesohlast  just  above  the  kidneys.  The 
two  parts  are  at  first  ijuite  distinct,  but  become  combined  in  the  jtrocess  of  devel- 
opment. The  suprarenal  capsules  are  at  first  larger  than  the  kidney,  but  become 
equal  in  size  about  the  tenth  week,  and  from  that  time  decrease  relatively  to  the 
kidney,  though  they  remain,  throughout  foetal  life,  much  larger  in  proportion 
than   in  the  adult. 

Development  of  the  Generative  Organs. — The  first  appearance  of  the  repro- 
ductive organs  is  essentially  the  s^ame  in  the  two  sexes,  and  consists  in  a 
thickening  at  one  spot  of  the  epithelial  layer  which  lines  the  peritoneal  or 
body  cavity*  with  a  slight  increase  of  the  connective  tissue  beneath  it,  form- 
iBg  a  low  ridge.  This  is  termed  the  ffenital  ridge,  and  is  situated  on  the 
mesial  side  of  each  Wolffian  lio<ly,  and  from  it  the  testicle  in  the  one  sex,  and 
the  ovary  in  the  other,  are  develojjed.  The  ridge,  as  the  embryo  grows,  grad- 
ually becomes  pinched  off  from  the  Wolffian  body,  with  which  it  is  at  first 
continuous,  though  it  still  remains  connecte<l  to  the  remnant  of  this  body  by  cl 
fold  of  peritoneum,  the  meiorehium  or  megovarium.  About  the  seventh  week  the 
distinction  of  sex  begins  to  be  perceptible.  The  epithelium  on  the  genital  ridge, 
which  is  called  **  germ-epithelium/'  in  the  female  becomes  distinctly  columnar, 
multiplies  rapidly,  and  begins  to  ft>rra  primftive  ova,  in  a  manner  presently  to  be 
described;  whereas  in  the  male,  though  the  germ-epithelium  has  a  tendency  to 
become  columnar,  the  cells  are,  on  the  w^hole,  flatter  and  smaller  than  in  the 
female. 

Development  of  Male  Organs^ — The  tubuli  seminiferi  of  the  testicle  appear  at 
an  early  period.  It  is  believed  that  they  are  formed  by  the  extension  of  epithelial 
cells  on  the  surface  of  the  genital  ridge  into  the  connective  tissue  or  stroma  on 
which  they  rest;  rows  of  cells  are  thus  developed  which  become  the  lining  cells 
of  the  seminal  ducts.  From  the  mesonephros  tubules  grow  toward  the  kidney, 
entering  into  relation  with  the  seminal  ducts  and  forming  the  tubuli  recti  and 
rete  testis,  through  which  the  semen  escapes  from  the  testis  and  passes  into  the 
tubules  of  the  upper  part  of  the  mcsionephros,  which  persist  as  the  epididymis^ 
and  thence  make  their  way  to  the  urethra  lurogcnital  sinus)  by  the  Wolffian 
duet^  which  becomes  the  vas  deferens  and  ejaculatory  duct  of  the  adult. 

The  Miillerian  ducts  disappear  in  the  male  se.v,  with  the  exception  of  their 
lower  ends*  These  unite  in  the  middle  line,  and  open  by  a  common  orifice  into 
the  urogenital  sinus.  This  constitutes  the  uterus  fmt^vifJinun  or  mms  prostatkus. 
lonally,  however,  the  npper  end  of  the  duct  of  Miiller  remains  visible  in 
.le.  constituting  the  little  pedunculated  body,  called  the  hydatid  of  the 
epididymis,  sometimes  found  in  the  neighborhood  of  the  epididymis/  between 
the  tester  and  globus  major. 

It  has  been  seen  that  the  upper  portion  of  the  mesonephros  and  the  AVolffian 
ducts  persist.  The  rest  of  the  mesonephros  disappears  almost  entirely,  a  few  of  its 
tubules  forming  the  vas  aberrans  and  a  structure  described  by  Giraldes,  and 
called,  after  him, 'Mhe  organ  of  fJiraliles/'  which  bears  a  good  deal  of  resem- 
blance to  the  organ  of  Rosenuniller  \u  the  other  sex.  It  consists  of  a  number  of 
convoluted  tubules  lying  in  the  cellular  tissue  in  front  of  the  cord,  and  close  to 

head  of  the  epididymis. 

The  descent  of  the  testis  and  the  formation  of  the  gubernaculum  are  described 
In  the  body  of  the  work. 

Development  of  Female  Orgaas.^ — The  ovary,  as  above  stated,  is  formed  from 
the  genital  ridge,  which  becomes  pinched  oft'  from  the  remains  i>f  the  Wolffian 
bodv.  but  is  still  attached  by  a  mesovariurn.  It  consists  of  a  central  part  of  con- 
nective tissue  covered  by  a  layer  of  germ-epithelium,  from  which  the  ova  are 
developed.    This  epithelium  undergoes  re|>eated  division,  so  that  it  rapidly  increases 

'  Mr.  Oboni,  in  the  SL  Thijaiax's  H^ispital  Reports,  1875,  haa  written  an  iiitere^lini^  paper  point- 
mg  out  liie  probable  connectioD  betwet'n  lU'is  {ifitd  sitrueture  and  one  fortu  uf  hydrocele. 
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ill  thickness  and  fnrms  several  layers.  Next  certain  of  the  cells  become  enlarged 
and  s|iherical.  and  l^n'in  what  are  called  the  primitive  ova,  Aronud  these,  other 
epithelial  cells  have  a  tendency  to  arrange  themselven,  so  as  to  enclose  the  ovum 
in  a  follicle.  The  permanent  ova,  enclosed  in  their  Graafian  follicles,  are  thus 
formed. 

The  Fallopian  tube  is  developed  from  that  portion  of  the  dnct  of  Mirller  which 
lies  above  the  lumbar  ligament  of  the  Wolffian  hocly.  This  dtiet  is  at  first  com- 
}detely  chistul  at  its  u[tper  extremity,  and  its  chised  extremity  remains  permanent, 
tunning  a  small  cystic  body  attached  to  the  fimbriated  end  of  the  Fallopian  tube, 

and  called  the  **  hydatid  of 
!Mor^a^ni/'  Below  ihis  a 
cleft  fortns  in  the  duct,  iind 
is  developed  into  the  fim- 
briated opening  of  the  Fal- 
lopian tube. 

Below   this   the  duct  of 

Midler  and  the  ducts  of  the 

w  ^, ,  ^  J. ',,      M,  'A  wj^  /  :  f  f      _^^^B         ^^  *  *  1  111  an   bodies    are    unite  d 

^     I|  *   ^i^l^ifey  %m^m^l^^^^t^Bm         together  in  a  structure  called 

^jr  ^~  '^^|'^H|HB9^^^^^|f  ''the  genital  cord.''  in  which 

the  two  Mlillerian  ilucts  ap- 
proach each  other,  lying  fside 
by  side,  and  finally  coalesce 
to  form  the  cavity  of  the 
vagina  and  uterus.  This 
coalescence  commences  in 
the  middle  of  the  genital 
cord,  and  corresponils  to  the 
body  of  the  uterus.  The 
upper  parts  of  the  MiiU 
leriau  ducts  in  the  genital  cord  constitute  the  cornua  of  the  uterus,  little  devel- 
ojkmI  in  the  human  species.     The  only  remains  of  the  WolflSan  body  in  the  com- 


M 


Fio.  10(5,— Adult  (»viiry»  [larDVttHimi,  and  T'^ilkqiiitti  tube.  (From 
Farre.  after  Kolnelt).  a.a^  ErwKifjhoron  formed  from  the  upper  jiart 
of  the  WolfliHiTi  biKly.  th  Ileiimiiisof  the  uppermost  lube*,  Bomi'tlnieA 
fnrmtiig  hydatids,  r.  Middle  Ki"t  of  liiheR,  */.  Some  lowt»r  atrophied 
Lijt>e6.  f.  Atrriphlert  rtinainfi  of  the  Wolrtiaii  duft  /  The  terminal 
bulb  or  hydalhl.  A.  The  Fallopian  tiibe.iirlfrinallv  the  dtict  of  MOller 
*.  Hydatid  uttaehed  to  lh«  extremity.    L  The  ovarv. 
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Fin.  107.— Femnl4?  i^enitiil  orgiins  of  the  embrj'o,  with  the  renmins  of  the  WoltI\jio  bcMlies.  i  Atter  J,  M idler.) 
A.  Fruni  a  freUl  sheei>.  a.  Thf  kidneys,  fi.  The  iirelem.  e.  The  ovitries.  rf.  Rt-jjjains  «f  Wiilfliim  bi:Klie».  f, 
FAUopian  tubfi*.  /  Their  »tKl<mihnil  o}»eninp9.  B.  More  advanced,  fr*im  a  foHiil  deer:  n.  Body  of  the  oterus.  5. 
t:^JmUll.  tf.  Tubes.  <f.  Oviirivst.  f.  Uemiilni  of  WoJIflau  l»i«iies.  c.  Still  more  advatit'ed.  from  Ihe  Immnn  fa'tui 
of  three  months  :  a.  The  Imdy  of  the  uleru*.  b.  The  round  Ug&roent.  e.  The  Fftlkipkn  tubes,  d.  The  ovaricf, 
t.  Remains  of  the  Wollllttn  bodies. 

plete  condition  of  the  female  organs  are  two  rudimentarj  or  vestigial  structures, 
which  can  be  found,  on  careful  search,  in  the  broad  ligament  near  the  ovary; 
the  parovarium  or  organ  of  Rosenmitlhr  and  the  jxtroophortm  (Fig.  106).     The 


Pwi.  10*.— D<?velopment  <»r  thu  «?iternai  ffetiital  organs.  Indiffrmt  tj/pr,  t.  u,  hi,  ^>:mak.  a  and  B,  At  the 
mlddlr^  of  tht  fifth  mtuUb.  r.  At  the  bt^Rlrminff  of  the  sixth  .Vair.  a\  At  the  bejfinninRof  the  fourth  month. 
B*     ^  iJle  of  the  fourth  nj'jnth.    r'.  At  the  etui  of  ihi*  fourth  roonih,     1,  ('hjafa,    "J.  tienital  Inbt^rele,    3, 

Olm  '  litoridis.    4.  (n'riltnl  furrow.    5,  External  p;oriiliil  fnkl^  flabia  miijnni  *ir  scmtumi,    f*.  rmbilieal 

eor'i  '*.  Cainial  extremity  and  f!W:cygeftl  tul>ereU\   9,  Labia  minora.  10,  Urogenital  &inu«.  11.  Fnpnuni 

cUt«ifili-  IJ.  Freputfum  pent*  or  elitoridis.  13.  Opening  of  the  urethra.  14.  Opening  of  the  vagimu  Ih,  Hymen 
t(L  BcTuUnl  raphe. 

pair  of  tube-like  structures,  found  one  on  eacli  sifle  in  the  walls  of  the  iiterus  antl 
termed  the  duetft  of  Gartner.  About  the  fifth  motith  an  annular  eoo^trictioa 
marks  the  position  of  the  neck  of  the  uterus,  and  after  the  sixtli  month  the  walls 
of  the  uterus  begin  tu  tlnckcn.  The  round  ligament  is  tlerived  from  the 
ingufoat  ligament  of  the  Wolffian  bod}%  the  peritoneum  constitutes  the  broud 
ligament;  the  superior  ligament  of  the  WolfiitJii  hm]\  disappears  with  that 
structure  (Fig.  107). 

The  external  organs  of  generation^  like  the  internal,  pass  through  a  @tage  in 
which   there   is  no  distinction  of  sex  (Fig,   108,  ii,  lu).     We   must  therefore 
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describe  this  stage,  and  then  follow  tlie  development  of  the  female  and  male 
organs  respectively. 

As  Btuted  above,  the  anal  depression  at  an  early  period  is  formed  by  an  invo- 
lution of  the  external  epithelium,  and  the  intestine  is  still  closed  at  its  lower  end. 
When  the  septum  between  the  two  opens,  which  is  about  the  fourth  T^veek,  the 
allantoi,'^  in  front  find  the  intestine  behind  both  communicate  with  the  anal  depres- 
sion. This,  which  is  now  called  the  cloaca,  is  afterward  divided  by  a  vertical 
septum,  whose  lower  edge  thickens  to  form  tbe/?mn«?t*m,  and  which  appears  about 
the  secouil  month.  Two  tubes  are  thus  formed  ;  the  posterior  becomes  the  low  er 
part  of  the  rectum,  the  anterior  has  uniting  with  it  the  urogenital  sinus.  In  the 
sixth  week  a  tubercle,  x\\q  tjenital  t^therele,  is  formed  in  front  of  the  cloaca,  and 
this  is  soon  surrounded  by  two  fobls  of  skin,  the  t/emtaf folds.  Toward  the  end 
of  the  second  month  the  tubercle  presents,  on  its  lower  aspect,  a  groove,  the 
gniiUd  furrow^  turned  toward  the  cloaca.  All  these  parts  are  well  developed  by 
the  second  month,  yet  no  distinction  of  sex  is  possible. 

Female  Orgatui  (Fig,  108,  a,  b,  c). — The  female  organs  are  developed  by  an 
easy  transition  from  the  above.  The  portion  of  tlie  cloaca  in  front  of  tlie  septum 
persists  as  the  vestibule  of  the  vagina,  and  forms  a  single  tube  with  the  upper  part 
of  the  vagina,  which,  as  we  have  already  seen^  is  developed  from  the  united 
Miillerian  ducts.  The  genital  tubercle  forms  the  clitoris,  the  genital  folds  the 
hihia  majora,  and  the  lips  of  the  genital  furrow  the  labia  minora,  which  remain 
open. 

Male  (hyans  (Fig.  108,  a',  b^  c').'^In  the  male  the  changes  are  greater.  The 
genitiil  tubercle  is  developed  into  the  penis,  the  gbins  appearing  in  the  third  month, 
the  prepuce  and  corpora  cavernosa  in  the  fourth.  The  genital  furrow  closes  and 
thus  forms  a  canab  the  spongy  portion  of  the  urethra.  The  urogenital  sinus 
becomes  elongated  and  fonns  the  prostatic  and  membranous  urethra.  The  genital 
folds  unite  in  the  middle  line  to  form  the  scrotum,  at  about  ihe  same  time  as  the 
genital  furrow  closes — \'ri,  between  the  third  and  fourth  months. 

The  follow^ing  table  is  translated  from  the  work  of  Beaunis  and  Bouchard,  with 
some  alterations,  especially  in  the  earlier  weeks.  It  will  serve  to  present  a  rcBumi 
of  the  above  facts  in  an  easily  accessible  form.^ 

*  It  will  be  noticed  that  the  time  asf^igiied  in  this  tjible  for  the  apiH.'aranc^  ol"  ihe  first  rudiment 
of  imme  of  the  bont^  Tories  in  some  caMfs  fnim  that  an^^iened  in  the  description  of  the  various  bonei 
in  the  sequel.     Tbis  is  a  point  on  wbidi  anatomists  ditler,  and  whit^b  probublj  varies  in  diferent 
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CHRONOLOGICAL  TABLE 
or 

THE  DEVELOPMENT  OF  THE  FCETUS, 

(Fboh  Beaukis  akd  Bouchabp.) 

^^rvf   Wftk. — ^Boring  this  period  the  ovum  is  io  the  Fallopian  tube.    Having  bsen  fertilized  in 

■  the  upfjer  part  of  the  tube,  it  slowly  pa^^ses  down,  undergoing  segmentation,  and  reaches 

the  uterus  probably  al>out  the  end  of  the  firht  week.     During  this  time  it  liocs  not  undergo 
luiich  increaat!  in  size. 
Seeond  Week. — The  oviim  rapidly  Inereases  in  sixe  and  beeomes  iiubedfled  in  the  dectdua,  bo 

fihat  it  is  completely  enclosed  in  the  decidiia  reflexa  by  the  end  of  this  t>erio<i     An  ovum 
believed  to  be  of  the  thirteenth  day  after  eoTic*eption  is  descrilied  by  Reichert,     There  was 
_     no  appearance  of  any  embryonic  structure.     The  wpiatorial  margips  of  the  ovum  were  beset 
m    with  viUi.  but  the  surface  in  contact  with   the  uterine  widl  and  the  one  opposite  to  it  were 
■     bftre.     in  another  ovum,  descriL>ed  by  His,  bt-lfevetl  to  be  oi'  about  the  fourteenth  day, 
there  was  a  distinct  indication  of  an  embryo.     There  was  a  meduMar>'  groove  bounded  by 
fold*.     In  front  of  thia  a  slightly  prominent   ridge,  the  nidimentary  heart.     The  anmiim 
^     was  formed  and  the  embr>\»  wfis  attached  by  a  stalk,  the  allantois,  to  the  inner  fcuri'ace  of 
p     the  chorion.     It  may  be  said,  theriflore^  that  these  parts,  the  funnion  and  the  allantois-  and 
the  first  rudimentj*  of  the  embryo,  the  medullaiy  groove,  and  the  heart,  are  formed  at  the 
end  of  the  second  week- 
Thirti  We^A'. — By  the  end  of  the  third  week  the  flexures  of  the  embryo  have  taken  place,  so 
that  it  is  strongly  cun^ed.     The  protovertehral  disks,  which  begin  to  be  formed  early  in  ihe 
thmi  weekt  present  their  full  complement.      In  the  uervtius  system  the  primary^  clivisiona 
of  the  brain  are  visible,  ant)  the  nrimitivc  ocular  and  auditory  vesicles  are  already  formed. 
The  primar>'  cinndation  is  e.stabHsbed.     The  alimentary  canal  presents  n  stniight  tube  com- 
municating  with   the  yolk-sac.     The    pharj'ngeal   arches  are    fonned.     The  limbs  have 
appeare<l  as  short  bmls.     The  Wnlfliau   i>odies  are  visible. 
Fourth  We^k. — ^The  umbilicid  vesicle  htis  attained  its  full  development.     Tlie  caudal  extremity 
projects.     The  upi;ier  and  the  lower  limbs  and  the  cloaeal  aperture  appear.    Tlie  heart  sep- 
arates into  a  right  and  left  heart.     The  snecial  gtiugiiu  and  anterior  roots  of  the  spinal 
nerves,  the  olfactory  fossae,  the  lungs  and  tbe  pancreas  can  lie  made  out, 
F(fth  Wefk\ — The  aUantois  is  vascular  in  its  whole  extent.     The  first  traces  of  the  hands  and 
feet  can  be  seen.     The  primitive  aorta  divides  into  aorta  and  pulmoriajy  artery.     The  duet 
of  Millie?  and  eeniul  giand  are  visible.     The  (js-sifi cation  of  ftic  clavicle  and  the  lower  jaw 
commences.     The  cartilage  of  Jlerkcl  occuf^iea  the  first  post-ond  arch. 
Sixiih   Week, — The  activity  of  the  umhiUcal  vesicle  ceases.     The  pharjngeal  clefts  disappear. 
The  vertebral  cx)lumn,  primitive  cniuium,  and  ribs  assume  the  cartilaginous  condition.     The 
poeterior  roots  of  the  nerves,  the  membranes  of  the  ner%'ous  centres,  the  bla*lder,  kidney, 
longue,  larjnx,  th>Toiti   body^  the  genus  of  teeth,  and  the  genital  tubercle  and   folds 
are  apparent. 
Sn^nfh  nWL — ^The  musdes  begin  to  be  perceptible.     The  points  of  ossification  of  the  ribs, 

ieapula,  shaft  af  humerus,  femur^  tibia,  palate,  and  upper  jaw  appear. 
EXghih  HecA:."The  distinction  of  anu  and  forearm,  and  of  t  nigh  auti  leg,  is  apnarent,  as  well  as 
the  iDterdigital  cleils.  The  capsule  of  the  leus  and  pupillar)'  mcmbrt^ne,  the  intenentricu- 
lar  and  commencement  of  the  i  nt  era  uric  ular  septum,  the  siilivary  glands,  the  spleen,  and 
suprarenal  capsules  are  distinguishable.  The  larynx  begins  to  l>ecome  cartilaginous.^  All 
the  vertebral  bodies  are  cartilaginous.  The  points  of  ossification  for  the  ulna^  radius,  fihula, 
and  ilium  nmke  their  appearance.  The  two  halves  of  the  hard  palate  unite.  The 
mnpathetic  nerves  are  now  for  the  first  time  to  be  discerned. 
Ninth  Wkek, — ^The  corpus  striatajn  and  the  pericardium  are  first  apparent.  The  ovarj^  and 
testicle  can  be  di,Htinguished  from  each  other.  The  genital  fiirrow  appears.  The  osseous 
nuclei  of  the  bodies  and  arches  of  the  vertebne,  of  the  frontai  vomer,  and  malar  bones  of  the 
shafts  of  the  metacar|)a]  and  metatarsal  Imiucs,  and  of  the  phalanges  appear.  The  union  of 
the  hard  palate  is  txjmpleted.  The  galbhladdcr  is  seen. 
Third  Month, — The  fonnation  of  the  foetal  placenta  advances  rapid ly.  The  prt^fection  of  the 
caudal  extremity  disappears.  It  is  pos^^ible  to  distinguish  the  male  and  female  organs  from 
each  other.  The  cloaeal  aperture  in  divi<led  into  two  parts.  Tlic  cartiluginoua  aa'hes  un  the 
dor^ial  region  of  the  sjiine  close.  The  |umits  of  ossification  for  the  cKi'eipital,  sphenoid, 
bcbiymai,  nasal,  squamous  portion  of  lemponil  and  ischium  appear^  as  well  as  the  orbital 
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centre  of  the  superior  maxillary.  The  pons  Varolii  and  fissure  of  Sylvius  can  be  majde  out 
The  eyelids,  llie  hair,  and  the  nails  begin  to  t'lirni.  The  mamuiary  s^land,  the  epiglottis, 
arid  j>nMt4it<j  are  hegiuning  to  develop.  The  union  of  the  testicle  with  the  canals  of  the 
Wolffian  l>oJy  takes  jthu'e. 

Fourth  Mtmfh. — llie  closure  of  the  cartilafrinous  arches  of  the  spine  is  complete.  Osseous 
jToiutH  lor  the  lirst  sacral  vertchra  and  os  pubis  appear.  The  ossification  of  the  maUt?iis  and 
Hicus  takc8  plLKTc.  The  corpus  cailosum.  the  uieinlminii  lamina  spiralis,  the  eartilnfe  of 
the  EiLstarlnun  tube,  and  the  tynijiauic  riujL;  are  s*'en.  Fat  is  first  develope<J  in  the  sub- 
cutaiieipu^  cellular  tissue.  The  tonsils  arc  seen,  aud  ihe  clos*ire  of  the  genital  l\in\>w  and 
the  fnrraatirm  of  the  serotuui  and  prepuce  tiike  place. 

Fifth  Month, — The  two  laycn^  of  the  ikvidua  begin  to  coalesce,  OaseouH  nuelei  of  the  axis  and 
odontoid  priKiess,  of  the  btcrtil  jxjints  of  the  first  sat^ral  vertebra,  of  the  median  points  of 
the  secona,  and  of  tlie  lateral  luaases  of"  t!ie  ethmoid  make  their  ttpiyeariiiiee.  Us*iification 
of  the  stupes  and  thi3  pctn:»as  bone  and  ossification  of  the  pernis  of  the  teeth  take  plac«. 
The  ^eniisof  the  permanent  teeth  and  the  organ  ofCorti  apMar.  The  eruption  of  hair  on 
the  head  commences.  The  sudoriren>u8  glands,  Bninncr's  glands,  the  fctllicles  of  the  tonsil 
and  base  of  the  tongue,  and  the  lymphatic  glands  apt>earat  thia  period.  The  differentiation 
lie t ween  the  n terns  and  vagina  becomes  apparent, 

Sit^(h  Month. — ^The  iw>int8  of  ossification  for  the  anterior  root  of  the  transverse  prtwess  of  the 
seventh  cervical  vertebni,  the  lateral  pointji  of  the  second  sacra!  vertcbrji,  the  median  points 
of  the  third,  the  manubrium  sterni  and  the  on  ealeis  appear.  The  saero-vertebra!  angle 
forms.  The  cerebral  hemispheres  cover  the  cerebelhuiL  The  pjuiilla?  of  the  skin,  the 
sebaceoiL^  glands,  and  Peyer's  p»atches  make  tlieir  aopearance.  'flie  tree  border  of  the 
nail  f^rcrtects  from  the  eoriuin  of  the  dermis.     The  walls  of  the  uterus  tliicken. 

Seventh  Month, — The  additional  points  of  the  first  sacral  vertebra,  the  luteral  points  of  the 
third,  the  median  point  of  the  fourth,  the  first  osseous  point  of  the  body  of  the  sternum, 
and  tlie  o,'>iseoiLs  point  tor  the  astragalus  at>pear.  Meckefa  cartilage  disiippears.  The 
cerc^bral  convolutions,  the  island  of  Heib  and  tne  tubereula  r|uadrigcinina  are  apparent.  The 
pupillary  membrane  atrophies.  The  testicle  passes  into  the  vaginal  process  of  the 
periton(!um. 

Fitjhfh  Month. — Additional  points  for  the  second  satTal  vertebra,  lateral  points  for  the  fourth 
and  median  points  for  the  titlh  sacnd  vertebne,  can  he  seen, 

I\7iith  Month. — Additional  pt tints  for  the  tliird  sat^nd  vertebra,  lateral  pointi^  fbr  the  fifth, 
osseous  points  for  the  middle  turbinated  Wne,  for  the  body  and  great  cornu  of  the  hvoid, 
for  the  stx^ond  and  third  pieces  of  the  budy  of  tlie  stennnn,  and  for  the  lower  end  of  the 
femur  appear.  Ossification  of  the  bouv  lamina  spiralis  and  axis  of  the  cochlea  takes  place* 
The  eyelids  open,  and  the  testicles  are  m  the  scrotum. 


DESCRIPTIVE  AND  SURGICAL 

ANATOMY. 


OSTEOLOGY- THE  SKELETON. 


I  HE  entire  skeletrm  id  tlie  adult  consists  of  200  distinct  bones.     These  are^ — 


The  spine  or  vert*  bral  OQliimn  (sucrum  and  coocjx  included « 

Cranium  .    .    .   ,    . ,   .    .    . 

Face    .    . 

0»  hynidt?s,  htornura^  and  ribs  

Upper  exlremitjes 

Lower  extreioiu^    * ,.,,..,..,. 


200 


■ 
■ 


I  Id  this  enumeration  the  patellae  are  included  as  separate  bones,  but  the  smaller 
sesamoid  bones  and  the  ossicula  auditus  are  not  reckoned.  The  teeth  belong  to 
the    tegument ary    system. 

These  bones  are  divisible  into  four  classes:  Lung,  Shorty  Flat,  and  Irregular, 
The  Long  Bonefi  are  found  in  the  limbs,  where  they  form  a  system  of  levers, 
which  have  to  sustain  the  weight  of  the  trunk  and  to  confer  the  jiower  of  locomo- 
tion. A  bmg  bone  consists  of  a  shaft  und  two  extremities.  The  nhffft  is  a  hollow 
cylinder,  contracted  and  iiarrt^wed  to  aftVird  greater  space  for  the  bellies  of  the 
muscles;  the  walls  consist  of  dense,  eomiiact  tissue  of  great  tliickness  in  the  middle. 

I  but  becoming  tLinner  toward  the  extremities;  the  spongy  tissue  is  scanty,  and 
the  bone  is  hollowed  out  in  its  interior  to  form  the  jnedulhtri^  mnaL  The 
extremities  are  generally  somewhat  expanded  for  greater  convenience  of  mutual 
connection,  for  the  ])urpo8es  of  artieuhition,  and  to  ailbrd  a  broad  surface  for 
muscular  attachment.  Here  the  bone  is  made  up  uf  spongy  tissue  with  only  a  tbin 
coating  of  c(»mpact  substance.  The  long  bones  are  not  straight,  but  curved,  the 
curve  generally  taking  place  in  two  di reactions,  thus  aflbrding  greater  strength  to  the 
bone>  The  bones  belonging  to  this  class  are  the  elarich\  /muterus^  radim,  uha, 
jfemur^  tihia,  fihula^  77}etacarpal  and  }/tetat<iri<tfI  bones^  and  the  phulangei^. 

Short  Bones. — Where  a  part  of  the  skeleton  is  intended  for  strength  and  com- 
pactness, and  its  motion  is  at  the  same  time  slight  and  limited,  it  is  divided  into  a 
number  of  small  pieces  united  together  by  ligamenta,  and  the  separate  bones  are 
short  and  compressed,  such  as  the  bones  of  the  carpus  and  tarsus.  Tbese  bones, 
in  their  structure,  are  spongy  throughout,  excepting  at  their  surface,  where  there 
'  I  a  thin  crust  of  compact  substance.  The  pafeUfe  also,  together  with  the  other 
ftmoid  bones,  are  by  some  regarded  as  short  bones. 

Flat  Bones. — Where  the  prlnei|ml  re(|uirement  is  either  extensive  protection 
or  the  jirovision  of  broad  surfaces  for  muscular  attaciiment,  we  find  the  osseous 
structure  expanded  into  broad,  flat  plates,  as  is  seen  in  the  brmes  of  the  skull  and 
tie  shoulder-blade.  These  bones  are  composed  of  two  thin  layers  of  compact  tissue 
enclosing  between  them  a  variable  cpunitity  of  cancellous  tissue.  In  the  cranial 
bones  the^e  layers  of  compact  tissue  are  familiarly  known  as  the  tables  of  the 
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skull;  tlic  outer  one  m  thick  an«l  tough;  the  inner  one  thinner,  denser,  and  more 
brittle,  and  bence  termed  the  vitreous  table.  The  intervening  eaneeUuus  tissue 
is  called  the  diploe\  The  flat  bones  are :  the  occipital,  parietal^  frontal^  juuah 
lacltri/mafy  vomer ^  »eapida,  m  hitt^nninatum,  sternum^  rihg^  and  patella, 

The  Irregular  or  Mixed  Bones  are  such  aa,  from  their  peculiar  form,  cannot  be 
grouped  under  either  of  the  preeeding  heads.  Their  structure  is  similar  to  that 
of  other  bones,  eonsisting  of  a  hiyer  of  compact  tissue  externally,  and  of  spongy 
cancellous  tissue  within.  The  irregular  bones  are:  the  pertebrw,  Hacrum,  cocct/r, 
temporal^  sphenoid^  et/n/ioidy  malar ^  superior  maiillar^^  inferior  maxillary^  palate^ 
inferior  turbinated,  and  hffoid. 

Surfaces  of  Bones. — If  the  surface  of  any  bone  is  examined,  certain  endnences 
and  depressions  are  seen  to  which  descriptive  anatomists  have  given  the  following 
names. 

These  eminences  and  depressions  are  of  two  kinds  :  articular  and  non-artieular. 
Well-marked  examples  of  articular  eminences  are  found  in  the  heads  of  the  humerus 
and  femur  and  of  articular  depressions  in  the  glenoid  cavity  of  the  scapula  and  the 
acetabulum.  Non-articular  eminences  are  designated  according  to  their  form. 
Thus,  a  broad,  rough,  uneven  elevation  is  called  a  tuherosittf ;  a  small,  rough 
prominence,  a  tubercle  ;  a  sharp,  slender,  pointetl  eminence,  a  spine  ;  a  narrow, 
rough  elevation,  running  some  way  along  the  surface,  a  m/^e  or  line. 

The  non-articular  depressions  are  also  of  very  variable  form,  and  are  described 
as  fo88i^^  grouveSj  furrows^  fssureat^  notches,  etc.  These  non-articular  eminences 
and  dei>ressions  .serve  to  increase  the  extent  of  surface  for  the  attachment  of  liga- 
ments and  muscles,  and  are  usually  well  marked  in  proportion  to  iLe  muscularity 
of  the  subject. 

A  prominent  process  projecting  from  the  surface  of  a  hone,  which  it  has  never 
been  separate  from  or  movable  upon  is  termed  an  apopht/»is  (from  dzot/^i^mc,  an 
excrescence) ;  but  if  such  process  is  developed  as  a  separate  piece  from  the  rest  of 
the  bone,  to  which  it  is  afterward  joined,  it  is  termed  an  t:piphf/i^i><  (from  kziifvet^^ 
an  accretion).     Iliap/ti/gis  means  main  part  of  a  bone  or  nhaft  of  a  long  bone. 

THE  SPINE. 

The  Spine  is  a  flextions  and  flexible  column  formed  of  a  series  of  bones  called 
vertebra  (from  vertere,  to  turn). 

The  Vertebrae  are  thirty-three  in  numlier,  exclusive  of  those  which  form  ihe 
skull,  and  have  received  the  names  eervical,  dontal,  lumbar,  gaeral,  and  coccifgeal^ 
according  to  the  jiosition  which  they  occupy;  seven  being  found  in  the  cervical 
region,  twelve  in  the  dorsal,  Ave  in  the  lumbar,  fix^  in  the  sacra!,  and  four  in  the 
coccygeal. 

This  number  is  sometimes  increased  by  an  additional  vertebra  in  one  region,  or 
the  number  may  be  diminished  in  one  region,  the  deficiency  being  supplied  by 
an  additional  vertebra  in  another.  These  observations  do  not  apply  to  the  cervical 
portion  of  the  spine,  the  number  of  bones  forming  which  is  seldom  increased  or 
diminisLed. 

The  vertebrae  in  the  upper  three  regions  of  the  spine  arp  separate  throiighout 
the  whole  of  life ;  hut  those  found  in  the  sacral  and  coccygeal  regions  are  in  the 
adult  firmly  united,  so  as  to  form  two  bones— /t'e  entering  into  the  formation 
of  the  upper  bou©  or  gacrum,  and  four  into  the  terminal  bone  of  the  spine  ur 
coccyx. 

General  Characterfi  of  a  Vertebra. 

Each  vertebra  consists  of  two  essential  parts — an  anterior  solid  segment  or 
hodif^  and  a  posterior  segment  or  arch.  The  arch  {neural)  is  formed  of  two  pedi-' 
vies  and  two  lamimf^  supporting  seven  proeeases — viz.  four  artieuhu\  two  tram- 
versey  and  one  spinou€. 

The  bodies  of  the  vertebrn^  are  piled  one  upon  the  other,  forming  a  strong 
pillar  for  the  snpport  of  the  cranium  iind  trunk  ;  the  arches  forming  a  hollow 
cylinder  behind  the  bodies  for  the  protection  of  the  spinal  cord.     The  different 
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irertebrse  are  connected  together  by  means  of  the  articular  prooesBes  and  the  inter- 
vertebral cartilages ;  while  the  transverse  and  spinous  processes  serve  as  levers 
for  the  attachment  of  muscles  which  move  the  different  parts  of  the  spine.  Lastly, 
between  e-ach  pair  of  vertebne  apertures  exist  through  which  the  spinal  nerves 
pass  from  the  cord.  Each  of  these  constituent  parts  must  now  be  separately 
examined. 

The  Body  or  Centnmi  is  the  largest  and  most  solid  part  of  a  vertebra.  Above 
and  below  it  is  flattened;  its  upper  and  lower  surfaces  are  rough  for  the  attach- 
ment of  the  intervertebral  fibro-cartilages,  and  present  a  riui  arotind  their  cir- 
cumference* In  front »  it  is  convex  from  side  to  side,  concave  from  above  down- 
ward. Behind,  it  is  Hat  from  above  downward  and  slightly  ctmcave  from  side  to 
side,  \XB  anterior  surface  is  perforated  by  a  few  small  apertures^  for  the  passage 
of  nutrient  vessels ;  whilst  on  the  posterior  surface  is  a  single  large,  irregular 
aperture,  or  occasionally  more  than  one,  for  the  exit  of  veins  from  the  body  of 
ihe  vertebra^ — the  venw  basis  vertebrtf. 

The  Pedicles  project  backward,  one  on  each  side,  from  the  upper  part  of  the 
body  of  the  vertebra,  at  the  line  of  junction  of  its  posterior  and  lateral  surfaces. 
The  concavities  above  and  below  the  pedicles  are  the  mten^ertebral  notehes  ;  they 
are  four  in  number,  two  on  each  side,  the  inferior  ones  being  generally  the  deeper. 
When  the  vertebrae  are  articulated  the  notches  of  each  contiguous  pair  of  bones 
form  the  intervertebral  foramina,  which  communicate  with  the  spinal  canal  and 
transmit  the  spinal  nerves  and  blood-vessels. 

The  Lamin9&  are  two  broad  plates  of  bone  which  complete  the  vertebral  arch 
behind,  enclosing  a  foramen,  the  ttpinal  foramen,  which  serves  for  the  protection 
of  the  spinal  cord;  they  are  connected  to  the  body  by  means  of  the  pedicles. 
Their  upper  and  lower  borders  are  rough,  for  the  attachment  of  the  Ugamenta 
ttahfiavii. 

The  Spinous  Process  projects  backward  from  the  junction  of  the  two  laminae, 
and  serves  for  the  attachment  of  muscles. 

The  Articular  Processes,  four  in  number,  two  on  each  side,  spring  from  the 
junction  of  the  pedicles  with  the  laminae.  The  two  superior  project  upward,  their 
articular  surfaces  being  directed  more  or  less  backward ;  the  two  inferior  project 
downward,  their  articular  surrace:!^  Inoking  more  or  less  forward.* 

The  Transverse  Processes,  two  in  number,  project  one  at  each  side  from  the 
point  where  the  articular  processes  join  the  pedicle.  They  also  serve  for  the 
attJiehment  of  mustles. 

Character  of  the  Cervical  Vertebrae  (Fig.  109), 

The  Cervical  Vertebrae  are  ?5maller  than  those  in  any  other  region  of  the  spine, 
and  may  readily  be  distinguished  by  the  foramen  in  the  transverse  process,  which 
does  not  exist  in  the  transverse  process  of  either  the  dorsal  or  lumbar  vertebrie. 

The  Body  is  small,  comparatively  dense,  and  broader  from  side  to  side  than 
from  befi>re  backward.  The  anterior  and  posterior  surfaces  are  flattened  and  of 
e4]ual  depth ;  the  furmer  is  placed  on  a  lower  level  than  the  latter,  and  its  inferior 
border  is  prolonged  d<*wnward,  so  us  to  overlap  the  upper  and  fore  part  of  the 
vertebrfe  below.  Its  upper  surface  is  concave  transversely,  and  presents  a  pro- 
jecting lip  on  each  side ;  its  lower  surface  is  convex  from  side  to  side,  concave 
from  before  backward,  and  presents  laterally  a  shallow  concavity  which  receives 
the  corresponding  projecting  lip  of  the  adjacent  vertebra.  The  pedicles  are 
directed  obli*|uely  outward,  and  the  superior  intervertebral  notches  are  deeper, 
but  narrower,  than  the  inferior.  The  lafnuitpnre  narrow,  long,  thinner  above  than 
below,  and  overlap  each  other,  enclosing  the  spinal  foramen,  which  is  very  large, 
and  of  a  triangular  form.  The  sirinous  procemes  are  short,  and  bifid  at  the 
extremity  to  afford  greater  extent  of  surface  for  the  attachment  of  muscles,  the 
two  div^isions  being  often  of  unequal  size.     They  increase  in  length  from  the 

•  It  nmy,  perhape,  be  as  well  to  r<?miti(!  the  rexider  that  ihe  direction  of  a  surface  in  determined 
bj  tliat  of  A  line  drawn  at  right  angles  to  iu 
1ft 
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fnurth  to  the  seventh.  The  artk-tdar  prtx-f'smi*  are  oblirjue ;  the  superior  are  of 
an  oval  fnno»  tiatteiied.  and  directed  backward  and  upward ;  the  inferior  forward 
and  downward.  The  tranm'erse  processes  are  short,  directed  downward,  outward, 
and  forward,  bifid  at  their  extreraity,  and  niiirked  by  a  groove  alontr  their  upj>er 
surface,  which  runs  downward  uud  outward  from  the  t^uperior  intervertebral 
notch*  and  serves  for  the  trausmission  of  one  of  the  cervical  nervei?.  They  are 
situated  in  front  of  the  articular  processes  and  on  the  nuter  side  of  the  pedicles. 
The  transverse  procej^ses  are  pierced  at  their  base  by  a  foramen,  for  the  transmis- 
sion of  I  he  vertebral  iirtery,  vein,  and  jdexus  i*f  nerves.  Each  process  is  formed 
by  two  roots :  the  anterior  root,  sometimes  called  the  (*osf(fl  process,  arises  from 
tbe  side  of  the  body,  and  is  the  hound ngiie  of  the  rib  in  the  dorsal  region  of  the 
spine;  the  posterior  root  springs  from  the  jinictinu  of  the  pedicle  with  the  lamina, 
and  corresponds  with   tbe  transverse  process  iu  the  dorsal  region.     It  is  by  tb© 
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junction  of  the  two  that  ihe  foramen  for  the  vertebral  vessels  is  formed.  The 
extremity  of  each  of  these  roots  forma  the  anterior  and  posterior  tuberfh»  of  the 
transverse  processes.* 

The  peculiar  vertebra?  in  tbecervit^al  region  are  the  first,  or  Atltis  ;  the  second, 
or  Axis  :  ami  the  seventh,  or  l\'r(ebra  promitiena.  Tlic  great  modifieations  in  the 
form  of  tbe  ath*s  and  axis  are  designed  to  admit  of  the  nodding  and  rotatory 
movements  of  tbe  head. 

The  Atlas  (Fig.  110)  is  so  named  from  supporting  tbe  globe  of  tbe  bead.  The 
chief  peculiarities  of  thig  hone  are  that  it  has  neither  body  nor  spinous  process. 
The  body  is  detached  from  the  rest  of  the  bone,  and  forms  the  odontoid  process  of 
the  second  vertebra  ;  while  tbe  parts  corresponding  to  the  pedicles  join  in  front  to 
form  the  anterior  arch.  The  atlas  consists  of  an  anterior  arch,  a  posterior  arch, 
and  two  lateral  masses.  The  *iitterior  arcli  forms  about  4me-fifth  of  tbe  bone:  its 
anterior  surface  is  convex,  and  presents  about  its  centre  a  (uberde,  for  tbe  attach* 
ment  of  the  Longus  colli  muscle ;  posteriorly  it  is  concave,  and  marked  by  a 
smooth,  oval  or  circular  facet,  for  articulation  with  tbe  odontoid  process  of  the 
axis.  The  upper  and  lower  br orders  give  attachment  to  tbe  anterior  occipiti>- 
atlantal  and  tbe  anterior  atlanto-uxial  ligaments,  which  connect  it  with  tbe  occipital 
bone  above  and  the  axis  below^  The  posterior  arch  forms  about  two-fifths  of  the 
circumference  of  the  bone;  it  terminates  behind  in  a  tubf^rcle,  which  is  the  rudi- 
ment of  a  spinous  process,  and  gives  origin  to  the  Rectus  capitis  posticus  minor. 
The  diminutive  size  of  this  process  prevents  any  interference  in  the  movements 
between  it  and  the  cranium-  The  posterior  part  of  the  arch  presents  above  and 
behind  a  rounded  edge  for  tbe  attaebment  of  the  posterior  occipito-atlantal  liga- 

*  The  anterior  tubercle  of  the  traasyerse  process  of  the  sixth  cervical  veitebni  is  of  If&rge  sifje, 
and  is  sometimes  known  as '*Chafisal^^l^»c'fi^*  <ir  the**nirotid  tubercle.'*  It  is  in  rl<:i8e  relation  vrith 
the  carotid  arten%  which  lies  in  front  and  ii  Utile  ext-crnril  to  il  so  that,  a^i  was  first  poinltHi  out  bj 
Cha*«aiKTiiii*,  tlic  vesiw.4  tjuu  with  case  he  cODipjeaiied   i|{uin.^t  it. 
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meat,  while  in  front,  immediately  behind  each  superior  arlicular  process,  is  a 
groove,  sometimes  converted  into  a  foramen  by  a  deUmfe.  Homf  ^picuhtni  which 
arches  backward  from  tbc  posterior  extremity  of  the  superior  articular  process. 
These  grooves  represent  the  siijverior  intervertebral  notches,  and  are  peculiar  fn>m 
being  situated  behind  the  articuhir  processes,  instead  of  in  fi\>nt  of  them,  as  in 
the  other  vertebnie.  They  serve  for  the  transmission  oi'  the  vertebral  artery, 
which,  ascending  through  the  foramen  in  the  transverse  process,  winds  i^ound  the 
lateral  mass  in  a  direction  backward  and  inward.  They  also  transmit  the  suboc- 
cipital nerve.  On  the  under  surface  of  the  posterior  arch*  in  the  same  situation, 
are  two  other  grooves,  jdaced  behind  the  lateral  masses,  and  re[»resenting  the  infe- 
rior intervertebral  notches  of  other  vertebne,  Tliey  are  much  less  marked  than 
ihe  superior.  The  lower  border  also  gives  attachraent  to  the  posterior  atlanto- 
axial ligament,  which  connects  it  with  the  axis.  The  lateral  masBea  at^e  the  most 
bulky  und  solid  parts  of  the  atlas,  in  order  to  support  the  weight  of  the  head ; 
they  present  two  articulating  ]>rocesses  above,  and  two  below.     The  two  su|)erior 
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are  of  large  size,  oval,  concave,  and  approach  each  other  in  front,  but  diverge 
behind;  they  are  directed  upward,  inwarrl,  and  a  little  backwanl,  forming  a  kind 
of  cup  for  the  condyles  of  the  occijiital  bone,  nud  are  admirably  adapted  to  the 
nodding  movements  of  the  head.  Not  uufre^juently  they  are  |mrtially  subdivided 
bv  a  more  or  less  deep  indentation  which  encroaches  uj)on  each  lateral  margin. 
The  inferior  articular  processes  are  circular  in  form,  flattened  or  slightly  concave, 
and  directed  downward  and  inward,  articulating  with  the  axis,  and  permitting 
the  rotatory  movements.  Just  below  the  inner  margin  of  each  superior  articular 
surface  is  a  small  tubercle,  fjr  the  attachment  of  the  transverse  ligament,  which, 
stretching  across  the  ring  of  the  atlas,  divides  it  into  two  unei|ual  |>arts;  the 
anterior  or  smaller  segment  receiving  the  odontoid  process  of  the  axis,  the  posterior 
allowing  the  transmission  of  the  s|>inal  corrl  and  its  membranes.  This  part  of 
the  spinal  canal  is  of  considerable  size,  to  aflord  sjiace  for  the  spinal  cord  ;  oncl 
hence  lateral  displacement  of  the  atlas  may  occur  without  compression  <jf  this 
eiructure.  The  transverse  pirwesses  are  of  large  size,  project  directly  outward 
from  the  lateral  masses,  and  serve  for  the  attachment  of  special  muscles  which 
assist  in  rotating  the  head*  They  are  long,  not  bifid,  and  perforated  at  their  base 
by  a  canal  for  the  vertebral  artery,  which  is  directed  from  below,  upward  and 
backward. 

The  Axis  (Fig,  111)  is  so  named  from  forming  the  pivot  upon  which  the  first 
vertebra*  carrying  the  head,  lYKates.  The  most  distinctive  character  of  this  bone 
is  the  strong,  prominent  process,  tooth-like  in  form  (hence  the  name  odontoid), 
v^hich  rises  perpendicularly  from  the  upper  surface  of  the  body.  The  hodt/  is  of  a 
triangular  form,  deeper  in  fnuit  than  behind,  and  prolonged  downward  anteriorly 
so  as  to  overlap  the  upper  and  fore  part  of  the  adjacent  vertebra.  It  presents  in 
front  a  median  longitudinal  ridge,  separating  two  lateral  depressions  for  the  attach* 
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raent  of  the  Longws  colli  muscle  of  either  side.     The  odontoid  proceus  preseni* 
two  articulating  surfaces:  one  in  front,  of  an  oval  form,  f>r  articulation  with  the 
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fttlaa;  another  hehind,  for  the  transverse  ligament — the  latter  frequently  encroach- 
ing on  the  sides  of  the  process.  The  apex  is  pointed,  and  gives  attachment  to  one 
fasciculus  of  the  odontoid  ligament  (ii/jfamentum  suHpeuMfriufv).  Below  the  apex 
the  process  is  somewhat  enlarged,  and  presents  on  cither  side  a  roogh  impression 
for  the  attachment  of  the  hffr^tl  fasciculi  of  the  odontoid  or  cheek  ligaments, 
which  connect  it  tt>  the  occipital  bone  ;  the  base  of  the  process,  where  it  is  attached 
to  the  body,  is  constricted,  so  as  to  prevent  displacement  from  the  transverse 

ligament,  which  hinds  it  in  this 
Body-  situation  to  the  anterior  arch  of 

the  atlas.  Sometimes,  however, 
this  process  does  become  dis- 
placed, especially  in  children,  in 
wdiom  the  ligaments  are  more 
relaxed :  instant  death  is  the 
result  of  this  accident.  The 
pedicleii  are  broad  and  strong, 
especially  their  anterior  extrem- 
ities, which  coalesce  with  the 
sides  of  the  body  and  the  root  of 
tlie  odontoid  process.  The  lam- 
hhv  are  thick  and  strong,  and  the 
spinal  foramen  large,  but  smaller 
than  that  of  the  atlas.  The  trans- 
verse proeesaea  are  very  small, 
not  bifid,  and  peifo rated  by  the 
vertebral  foramen,  or  foramen 
for  the  vertebral  artery,  which  is 
directed  obliijuely  upward  and 
outward.  The  superior  articular 
Hurfaces  are  round,  slightly  convex,  directed  upward  and  outward,  and  are 
peculiar  in  being  supported  on  the  body,  pedicles,  and  transverse  processes.  The 
Inferior  artieular  surfaces  have  the  same  direction  as  those  of  the  other  cervical 
vertebrae.  The  superior  intervertehr*il  notehen  are  very  shallow,  and  lie  behind 
the  articular  processes ;  the  inferior  in  front  of  them,  as  in  the  other  cervical 
vcrtebn^.  The  i^pinoiis  process  is  of  large  sixe,  very  strong,  deeply  channelled  on 
its  under  surface,  and  presents  a  bifid,  tubercular  extremity  for  the  attachment  of 
muscles  which  serve  to  rotate  the  head  upon  the  spine. 

Seventh  Cervical  (Fig.  11:^). — The  most  distinctive  character  of  this  vertebra  is 
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the  existence  of  a  very  long  and  prominent  spinous  process;  hence  the  name 
"vertebra  prominens/*  This  pnicess  is  thick,  nearly  horizontal  in  direction,  not 
bifurcated,  and  has  attached  t/>  it  the  ligamentum  nuchae-  The  trauMvene  process 
is  usually  of  large  size,  especially  its  posterior  root;  its  upper  sui-face  has  usually 
a  shallow  groove,  and  it  seldom  presents  more  than  a  trace  of  bifurcation  at  its 
extremity.  The  vertebral  foramen  is  somen mes  as  large  as  in  the  other  eervieal 
vertebra,  but  is  usually  smaller  on  one  or  both  sides,  and  sometimes  wanting.  On 
the  left  side  it  occasionally  gives  passage  to  the  vertebral  artery;  more  fret|uently 
the  vertebral  vein  traverses  it  on  both  sides ;  but  the  usual  arrangement  is  for  both 
artery  and  vein  to  pass  in  front  of  the  transverse  process,  and  not  through  the 
foramen. 

Characters  of  the  Dorsal  Vertebrae. 

The  Dorsal  VertebraB  are  intermediate  in  size  between  those  in  the  cervical  and 
those  in  ihe  lumbar  region,  and  increase  in  size  from  above  downward,  the  upper 
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vertebrse  in  this  segment  of  the  spine  being  much  smaller  than  those  in  the  lower 
part  of  the  region.  The  dorsal  vertebrse  may  be  at  once  recognized  by  the  pres- 
ence on  the  sides  of  the  body  of  one  or  more  facets  or  half-facets  for  the  heads  of 
the  ribs. 

The  bodies  of  the  dorsal  vertebne  resemble  those  in  the  cervical  and  lumbar 
regions  at  the  respective  ends  of  this  portion  of  the  spine;  but  in  the  middle  of 
the  dorsal  region  their  form  is  very  characteristic,  being  heart-shaped,  and  as 
broad  in  the  antero-posterior  as  in  the  lateral  direction.  They  are  thicker  behind 
than  in  front,  flat  above  and  below,  convex  and  prominent  in  front,  deejdy  concave 
behind,  slightly  constricted  in  front  and  at  the  sides,  and  marked  on  each  side, 
it  the  root  of  the  pedicle,  by  two  demi-facets,  one  above,  the  other  below\  These 
covered  with  cartilage  in  I  be  recent  state,  and,  when  articulated  with  the  adjoin- 
ing vertebne,  form,  with  the  intervening  fibro-cartilage,  oval  surfaces  fio'  the 
reception  of  the  heads  of  the  eorresporiding  ribs.  Tlie  pediclei*  are  directed  baek- 
ward,  and  the  inferior  intervertebral  notches  are  of  large  size  and  deeper  than  in 
any  other  region  of  the  spine  The  lamintr  are  broad,  thick,  and  imbricated — 
that  is  to  say,  overlapping  one  another  like  tiles  on  a  rofd'.  The  sjiinal  foramen  is 
small,  and  of  a  circular  form.  The  Mphtfytiit  processes  are  hmg,  triangular  in  form 
(bayonet-shaped),  directed  obliquely  downward,  and  terminate  in  a  tubercular 
extremity.     They  overlap  one  another  from   the  fifth  to  tbe  eighth,  but  are  lesa 


Fig,  lU,— PeeuHiir  dursuil  vertebne. 

the  superior  !jt*iiig  directed  backward  and  ulighth^  outward  and  upxvard,  the  inferior 
forward  and  a  little  inward  and  downward.  The  tnitian'rue  proevH^e^  arise  from 
the  same  parts  of  the  arch  as  the  posterior  n>ot8  of  the  transverse  processes  in 
the  neck,  and  are  situated  behind  the  articnlar  processes  and  pedicles:  they  are 
thick,  stnm;^,  and  of  great  length,  directed  ohli(|uely  backward  and  outward, 
presenting  a  clubbed  extremity,  which  is  tipped  on  its  anterior  ))art  by  a  small 
concave  surface,  for  articulation  with  the  tubercle  of  a  rib.  Besides  the  articular 
facet  for  the  rib,  three  indistinct  tuhervles  may  be  seen  rising  from  the  transverse 
processes,  one  at  the  upper  border,  tme  at  the  lower  border,  and  one  externally- 
h\  man  they  are  conij^aranvely  *>f  small  size,  and  serve  nnly  f<u'  the  attachment 
of  muscles.     But  in  some  animals  they  attain  considerable  magnitude,  either  for 
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ttf  purpose  of  more  closely  connecting  the  segments  of  this  portion  of  the  spine 
or  for  muscular  and  ligamentous  attachment,     (See  below,  twelfth  dorsal  vertebra.) 

The  jieculiar  dorsal  vencbriiB  are  the  firsts  ninths  tenths  eleventh,  and  twelfth 
(Fig.  114), 

The  FiTSt  Dorsal  Vertebra  presents,  tm  each  side  of  the  hodt/,  a  single  entire 
articular  facet  for  the  head  of  the  first  rib  and  a  half  facet  for  the  upper  hiilf  of 
tlie  second.  The  upper  surface  of  the  body  is  like  that  of  a  cervical  vertebra, 
being  broad  transversely,  concave,  and  lipped  on  each  side.  The  articular  mtr- 
Jaet%  are  oblique,  and  the  sphums  prot^ean  thick,  long,  and  almost  horizontah 

The  Ninth  Dorsal  has  no  demi-facet  below.  In  some  subjects,  however,  the 
ninth  has  two  demi-facets  on  each  side,  then  the  tenth  has  a  demi-facet  at  the  upper 
part ;  none  below. 

The  Tenth  Dorsal  has  (except  in  the  cases  just  mentioned)  an  entire  articular 
facet  on  each  side  above,  which  is  partly  placed  on  the  outer  s»irtace  of  the  pedicle. 
It  has  no  demi-facet  below. 

In  the  Eleventh  Dorsal  the  body  approaches  in  it.s  fonn  and  size  to  the  lumbar. 
The  articular  facets  for  the  heads  of  the  ribs,  one  on  each  side,  are  of  large  size, 
and  placed  chieHy  on  the  jiedicles,  whieb  are  thicker  and  stronger  in  this  and  the 
next  vertebra  than  in  any  other  part  of  the  dorsal  region.  The  spinous  process  is 
aborts  nearly  horizontal  in  direction,  and  presents  a  slight  tendency  to  bifurcation 
at  its  extremity.  The  transverHe  processes  are  very  short,  tubercular  at  their 
extremities,  and  have  no  articular  facets  for  the  tubercles  of  the  ribs. 

The  Twelfth  Dorsal  has  the  same  general  characters  as  the  eleventh,  but  may 
be  distinguished  from  it  by  the  inferior  articular  processes  being  convex  and 
turned  outward,  like  those  of  the  lumbar  vertebrae;  by  the  general  form  of  the 
bodv,  laminie,  ani  spinous  process,  approaching  to  that  of  the  lumbar  vertebrjB; 
and  by  the  transverse  processes  being  shorter,  anfl  marked  hv  three  elevations,  the 
superior^  inferioi,  and  external  tubercles^  which  correspond  to  the  mamniillary, 
aece4§sory,  and  transverse  processes  of  the  lumbar  vertebrae.  Traces  of  similar 
elevations  are  usually  to  be  found  upon  the  other  dorsal  vertebrae  {vide  ui  mipra). 

Characters  of  the  Lumbar  Vertebrae. 
The  Lumhar  VertebrsB  (Fig,  115)  are  the  largest  segments  of  the  vertebral 
column,  and  cun  at  once  be  distiuiruished  bv  the  absence  of  the  foramen  in  the 
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nsverse  process  the  dmracteristie  point  of  the  cervical  vertebra?,  and  by  the 
absence  of  anv  articulating  facet  on  the  side  of  the  body,  the  distinguishing  mark 
of  the  dorsal  vertebrge. 

The  body  is  large,  and  has  a  greater  tliu meter  from  side  to  side  than  from  before 
•fkward,  slightly  thicker  in  front  than  behind,  flattene<l  or  slightly  concave  above 
d  below,  concave  behind,   and  deeply  crmstricted   in  front  and  at   the  sides, 
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presenting  prominent  margins,  which  afford  a  broad  basis  for  the  s^opport  of  the 
superincumbent  weight.  The  pediefen  are  very  strong,  directed  backward  from 
the  upper  part  of  the  bodies ;  consequently,  the  inferior  intervertebral  notches  are 
of  considerable  depth.  The  laminae  are  broad,  short,  and  strong,  and  the  spinal 
foramen  triangular^  larger  than  in  the  dorsal,  smaller  than  in  the  cervical,  region. 
The  iipmotii^  processfft  are  thick  and  broad,  somewhat  quadrilateral,  horizontal  in 
direction,  thicker  below  than  above,  and  terminating  by  a  rough,  uneven  bord€*r. 
The  superior  arfieuiar  processes  are  concave,  and  look  backward  and  inward; 
the  inferior,  convex,  look  forward  and  outward ;  the  former  are  separated  by  a 
much  wider  interval  than  the  latter,  embracing  the  lower  articulating  processes 
of  the  vertebra  above.  The  traHsversf  proressea  are  long,  slender,  directed  trans- 
versely outward  in  the  upper  three  lumbar  vertebrae,  slanting  a  little  upward  in 
the  lower  tw^o.  They  are  situated  in  front  of  the  articular  processes*  instead  of 
behind  them  as  in  the  dorsal  vertebrie,  and  are  homologous  with  the  ribs.  Of  the 
three  tubercles  noticed  in  connection  with  the  transverse  processes  of  the  twelfth 
dorsal  vertebra,  the  superior  ones  become  connected  in  this  region  with  the  back 
part  of  the  superior  articular  processes,  and  have  received  the  name  of  mmiuitilfart/ 
processes ;  the  inferior  are  represented  by  a  small  process  pointing  downward* 
situated  at  the  back  part  of  the  base  of  the  transverse  process,  and  called  the 
accessorr/  processes :  these  are  the  true  transverse  processes,  which  are  rudimental 
in  this  region  of  the  spine  ;  the  external  ones  are  the  so-called  transverse  processes, 
the  bomologue  of  the  rib,  and  hence  sometimes  called  costal  processes*  Although 
in  man  these  are  comparatively  small,  in  some  animals  they  attain  considerable 
size,  and  serve  to  lock  the  vertebrje  more  closely  together. 

The  Fifth  Lumbar  vertebra  is  characterized  by  having  the  body  much  thicker 
in  front  than  behind,  which  accords  with  the  prominence  of  the  sac ro- vertebral 
articulation ;  by  the  smaller  size  of  its  spinous  process ;  by  the  wide  interval 
between  the  inferior  articulating  processes  ;  and  by  the  greater  size  and  thickness 
of  its  transverse  processes. 

Structure  of  the  Verfcebra&.— The  structure  of  a  vertebra  differs  in  different 
parts.  The  body  is  composed  of  light,  spongy,  cancellous  tissue,  having  a  thin 
coating  of  compact  tissue  on  its  external  surface  perforated  by  numerous  orifices, 
some  of  large  size,  for  the  passage  of  vessels ;  its  interior  is  traversed  by  one  or, 
two  large  canals,  for  the  reception  of  veins,  which  converge  toward  a  single  largej 
irregular  aperture  or  several  small  apertures  at  the  posterior  part  of  the  body  of 
each  bone  The  arch  and  processes  projecting  from  it  have,  on  the  contrary,  an 
exceedingly  thick  covering  of  compact  tissue. 

Development* — Each  vertebra  is  formed  of  four  primary  cartilaginous  portions 
(Fig,  116),  one  for  each  lamina  and  iti^  processes,  and  two  for  the  body.  Ossifica- 
tion commences  in  the  laminae  nbout  the  sixth  week  of  fcctal  life,  in  the  situation 
where  the  tninsverse  processes  afterward  project,  the  ossific  granules  shooting 
backward  to  the  spine,  forward  into  the  pedicles*  and  outward  into  the  transverse 
and  articular  processes.  Ossification  in  the  body  commences  in  the  midille  of  the 
cartilage  abotrt  the  eighth  week  l)y  two  closely  approximated  centres,  which  speedily 
coalesce  to  form  one  central  ossific  point.  According  to  some  authors,  ossifica- 
tion commences  in  the  lamin:e  only  in  the  upper  vertebrae — i,  e,  in  the  cervical  and 
upper  dorsal.  The  first  ossific  points  in  the  lower  vertebrae  are  those  which  are  to 
form  the  body,  the  osseous  centres  for  the  lamina^  appearing  at  a  subsequent  period. 
At  birth  these  three  pieces  are  perfectly  separate.  During  the  first  year  the  lamiujiB 
become  united  behiml  by  a  portion  of  cartilage  in  which  the  spinous  process  is 
ultimately  formed,  and  thus  the  arch  is  completed.  About  the  third  yeiir  the 
body  is  joined  to  the  arch  on  each  side,  in  such  a  manner  that  the  body  is  formed 
from  the  three  original  centres  of  ossification,  the  amount  contributed  by  the  ped- 
icles increasing  in  extent  from  beb>w  upward.  Thus  the  bodies  of  the  sacral 
vertebrae  are  formed  almost  entirely  from  the  central  nuclei;  the  bodies  of  the 
lumbar  are  formed  laterally  and  bchin<l  by  the  ])cdicles;  in  the  dorsal  region  the 
pedicles  advance  as  far  forward  as  the  articular  depressions  for  the  head  of  the 
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ribs,  forming  these  cavities  of  reception;  and  in  the  neck  the  lateral  portions  of 
the  bodies  are  formed  entirely  by  the  advance  of  the  pedicles.     Before  puberty 
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no  Other  changes  occur,  excepting  a  gradual  increase  in  the  growth  of  these 
primary  centres ;  the  upper  and  under  surfaces  of  the  bodies  and  the  ends  of  the 
imnsverse  and  spinous  processes  being  tipped  with  cartilage,  in  which  ossific 
ffranules  are  not  as  yet  deposited.  At  sixteen  years  (Fig,  il8),  four  secondary 
centres  appear,  one  for  the  tip  of  each  transverse  process,  and  two  (sometimes 
united  into  one)  for  the  end  of  the  spinous  process.  At  twenty-one  years  (Fig. 
117),  a  thin  circular  epiphysial  plate  of  bone  is  formed  in  the  layer  of  cartilage 
sitnatetl  on  the  upper  and  under  sur- 
faces »>f  the  body,  the  farmer  being  BySemtret, 
the  thicker  of  the  two.  All  these 
become  joined,  and  the  bone  is  com- 
pletely formed  between  the  twenty- 
fifth  and  thirtieth  year  of  life. 

Exceptions  to  this  mode  of  de- 
velopment occur  in  the  first,  second, 
and  seventh  cervical,  and  in  the 
vertebrae  of  the  lumbar  region* 

The  Atlas  (Fig.  l^)  —The  num^ 
ifcer  of  centres  of  ossification  of  the 
fttlas  is  very  variable.  It  may  be 
developed  from  two.  three,  four,  or 
five  centres.  The  most  frequent  ar- 
rangement is  by  three  centres.  Two 
of  these  are  destined  for  the  two 
lateral  or  neural  masses,  the  ossifica- 
tion of  which  commences  about  the 
aairezith  week  near  the  articular  pro- 
eeases.  and  extend  backward ;  these 
portions  of  bone  are  separated  from 
one  another  behind,  at  birth,  by  a 
narrow  interval  filled  in  with  carti- 
lage. Between  the  second  and  third 
years  they  unite  either  directly  or 
through  the  medium  of  a  separate  centre  developed  in  the  cartilage  in  the  middle 
line.  The  anterior  areh,  at  birth,  is  altogether  cartilaginous,  and  in  this  a  sepa- 
rate nucleus  appears  about  the  end  nf  the  first  year  after  birth,  and,  extending 
laterally,  joins  the  neural  processes  in  front  of  the  pedicles.  Sometimes  there  are 
two  nuclei  developed  in  the  cartilage,  {me  on  either  side  of  the  median  line,  which 
join  to  form  a  single  mass.     And  occasionally  there  is  no  separate  centre,  but  the 
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anterior  areh  is  formed  by  the  gradual  extension  forward  and  ultimate  junction  of 
the  two  neural  processes. 

The  Ajds  (Fig.  120)  is  developed  by  mx  centres.  The  body  and  arch  of  this 
bone  are  formed  in  the  same  manner  fus  the  corresponding  parts  in  the  other  ver- 
tebnr  :  odc  ecntre  (or  two,  which  speedily  coalesce)  for  the  lower  part  of  the  body, 
and  one  for  each  himina.  The  odontoid  process  consists  originally  of  an  extension 
upward  of  t!ie  cartilaginous  mass  in  which  the  lower  part  of  the  body  is  formed. 
At  about  the  sixth  month  of  foetal  life  two  osseous  nuclei  make  their  appearance 
in  the  base  of  this  process:  they  are  placed  laterally,  and  join  before  birth  to 
form  a  conical  bilobed  mass  deeply  cleft  above;  the  intervnl  between  the  cleft  and 
the  summit  of  the  process  is  formed  by  a  we<Ige-shaped  piece  of  cartilage,  the  base 
of  the  process  being  separated  from  the  body  by  a  cartilaginous  interial,  which 
gradually  becomes  ossified  at  its  circumference,  but  remains  cartilaginous  in  i 
centre  until  advanced  age.*  Finally,  as  Humphry  has  demonstrated,  the  apex  o\ 
the  odontoid  process  has  a  separate  nucleus,  which  appears  in  the  second  year  and 
joins  about  the  twelfth  year.  In  addition  to  these  there  is  a  secondary  centre  for 
a  thin  epiphysial  plate  on  the  under  surface  of  the  body  of  the  bone. 

The  Seventli  Cervical, ^ — The  anterior  or  costal  jiart  of  the  tnins verse  process 
of  the  seventh  cervical  is  developed  from  a  separate  osseous  centre  at  about  the 
sixth  month  of  ftetal  life,  and  joins  the  body  and  posterior  division  of  the  trans- 
verse process  between  the  fifth  and  sixth  years.  Sometimes  this  process  continues 
as  a  separate  piece,  and,  becoming  lengthened  outward,  constitutes  what  is  known 
as  a  cervical  rib. 

The  Lumbar  VertebrsB  (Fig.  121)  have  tif'o  aiMithmil  cftttrry  (besides  those 
pecidiar  to  the  vertebne  generally)  for  the  manimillary  tubercles,  which  project 
from  the  back  part  of  the  superior  articular  processes.  The  transverse  process  of 
the  first  luMbar  is  sometimes  developed  a^  a  separate  piece,  which  may  remain 
|iermtinently  unconnected  with  the  remaining  portion  of  the  bone,  thus  forming  a 
binibar  rib — ^a  peculiarity  which  is  rarely  met  with. 

Progress  of  Ossification  in  the  Spine  generally .-^1  Ossification  of  the  luminir  **f 
the  vertebne  commences  at  the  upper  part  <d"  the  spine^  and  proceeds  gradually 
downward.  Ossification  of  the  bodies,  on  the  other  hand,  commences  a  little 
below  the  centre  of  the  S]>inal  column  (about  the  ninth  or  tenth  dorsal  vertebra), 
and  extends  both  upward  and  downward.  Although,  however,  the  ossific  nuclei 
make  their  first  appearance  in  the  lower  doj-sal  vertebnie,  the  lumbar  and  first 
sacral  are  those  in   which  these  nuclei  are  largest  at  birth. 

Attaclunent  of  Muscles. — To  the  Atltin  are  attached  nine  pairs:  the  Longus 
collie  Rectus  capitis  auticus  minor.  Rectus  lateralis^  Ohliquus  capitis  superior  and 
inferior,  Splenius  colli,  Levator  anguli  scapulj^.  First  Intertransverse,  and  Rectus 
capitis  posticus  minor. 

To  the  Axiii  are  attached  eleven  pairs :  the  Longus  colli,  Levator  anguli 
scapula,  Splenius  colli.  Scalenus  medius.  Trans versalis  colli,  Iiitertransversales, 
Ohliquus  capitis  inferior.  Rectus  capitis  posticus  major,  Semisjiinalis  colli,  Mul- 
tifidus  spimr,  Interspinales, 

To  the  remaining  vertebrje^  generally,  are  attached  thirty-five  pairs  and  a  sin- 
gle muscle:  anterwrhf^  the  Rectus  capitis  anticus  major*  Longus  colli^  Scalenus 
anticus  medius  and  posticus.  Psoas  magnus  and  parvus,  Quadratus  himbo- 
rum,  E^iaphragm,  Ohliquus  abdominis  internus,  and  Transversalis  abdominis^ 
fmHteriurlf/^  the  Trapezius,  Latissimus  dorsi^  Levator  anguli  seajudtC,  Rhomboideus 
major  and  minor,  Serratus  posticus  superior  and  inferior,  Splenius,  Erector  spin^e, 
Ilio-costalis,  Longissiraus  dorsi,  Spinalis  dorsi,  Cervicalis  ascendens,  Transversalis 
colli,  Trachebi-mastoid,  Complexus,  Riventer  cervicis,  Semispinalis  dorsi  and  colli, 
Multifidusspime,  Rotatoresspinre,  Interspinales,  Supraspinales,  Intertransversales, 
Levatores  costarum. 

*  See  Cuuniaghami  Jouni.  Atud.y  vol  xx  p,  238. 
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Sacral  and  Coccygeal  Vertebrae. 

Tte  Sacral  and  Coccygeal  Vertebrae  consiBt,  at  an  early  period  of  life,  of  nine 
eparste  pieces,  which  are  united   in  the  adult  so  as  to  foim  two  bones,  five  enter- 
al!; into  the  formation  of  the  sacnim.  f(»ur  into  that  of  the  coccyx.     Occa.sionaliy, 
the  coccyx  consists  of  five  hnnesJ 

The  Sacmm  (sacer,  sacredj  is  a  Iar«^e,  triangular  bone  (Fig.  122),  situated  at 
the  lower  part  of  the  vertebral  column,  and  at  the  upper  and  back  part  of  tlie  pelvic 
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Fig.  122,— Bnorum,  Ruterior  surface, 

cav^ity,  where  it  is  inserted  like  a  wedge  between  the  tw<i  innominate  hones;  its 
up}>er  part  or  ba.^e  articulating  with  the  hi;*t  lumhar  vertebra\  its  ajiex  with  the 
Cix^cyx.  The  sacrum  is  curved  u[nni  itself,  ami  plact-d  very  obliquely,  its  up|ier 
mreniity  prnjecfing  forward,  and  fcnming,  with  the  last  lumbar  vertebra,  a  very 
jirominent  angle,  called  the  promoiiturif  or  Macro-vertehnrl  ant/le  ;  whilst  its  central 
pari  i.**  directed  backward,  so  as  to  give  increased  capacity  to  the  pelvic  cavity. 
It  presents  ft-»r  examination  an  anterior  and  posterior  surface,  two  lateral  surfaces, 
a  base,  an  apex,  and  a  central  canaL 

The  Amterior  Surface  is  ci»ncave  fvnm  above  downward,  and  slightly  so  fnmi 
side  to  side.  In  the  middle  are  seen  four  transverse  ridges,  indicating  the  original 
division  of  the  hone  into  five  separate  pieces.  TIte  portions  of  biuie  intervening 
between  the  ridges  correspond  t*»  the  bodies  f»f  the  vertebnia.  The  body  of  the 
fir*t  segment  is  of  large  size,  and  in  f<»rm  resembles  that  of  a  lumbar  vertebra  ;  the 
succeeding  ones  diniinisli  in  size  fnnti  above  downwaid»  are  ilattened  from  before 
backward,  and  curved  sons  to  acoiniiuodnte  themselves  to  the  form  of  the  sacrum, 
being  concave  in  front,  convex  behind.  At  each  end  of  the  ridges  above  mentioned 
are  seen  the  anterior  sacral  foranu'fiiu  analog* ms  to  the  intervertebral  foramina, 

'Sir  tieorge  Humphry  descTiben  this  a.^  the  usunl  wmpositiou  of  the  coccyx, — On  the  Skeietmt 
p.  456. 
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four  in   number  on  each  side,  somewhat  rounded  in  form,  diminishing  in  size 

from  above  downward,  and  directed  out- 
ward  and  forward ;  they  transmit  the 
anterior  branches  of  the  sacral  nerves. 
External  to  these  foramina  h  the  lateral 
mms^  consisting  at  nn  early  period  of 
life  of  separate  segments;  these  become 
blended*  in  the  adnlt,  with  the  bodies, 
with  each  other,  and  with  the  posterior 
transverse  processes.  Each  lateral  mass 
is  traversed  by  four  bmad.  shallow 
grooves,  which  lodge  the  anterior  sacral 
nerves  as  tbey  piiss  outward,  the  grooves 
being  separated  by  prominent  ridges  of 
bone,  which  give  attacbment  to  the  slips 
of  the  Pyriformis  muscle. 

If  a  vertical  section  is  made  through 
the  centre  of  the  bone  (Fig.  123),  the 
bodies  are  seen  to  be  united  at  their  cir- 
cumference by  bone,  a  wide  interval  being 
left  centrally,  which,  in  the  recent  state, 
is  filled  by  intervertebral  substance.  In 
some  bones  this  union  is  more  crmiplete 
between  the  lower  segments  than  between 
the  upper  ones. 

The  Posterior  Surface  (Fig,  124)  is 
convex  and  much  narrower  than  the 
anterior.  In  tbe  middle  line  are  three 
or  four  tnbereles.  which  represent  the 
rudimentary  spinous  processes  of  the  sac- 
ral vertebne,  *>f  these  tubercles,  tbe 
first  is  nsually  prominent,  and  perfectly 
distinct  from  the  rest ;  the  second  and 
third  are  either  separate  or  united  into  a  tubercular  ridge,  which  diminishes  in 
size  from  nb<ive  downward ;  the  fourth  usually,  and  the  fifth  alwavs,  reinaiuing  un- 
developed. E.xfernrtl  to  the  spinous  processes  on  each  side  are  tbe  htmincp\  broail 
and  well  marked  in  the  first  three  pieces;  sometimes  ihe  fourth,  and  generally i 
the  fifth,  being  tnideveloped :  in  this  situation  tbe  lower  end  of  the  sacral  canal 
is  exposed,  and  is  liable  to  be  opened  in  the  sloughing  of  bed-sores.  External  to 
the  laminae  is  a  linear  series  of  indistinct  tubercles  representing  the  articular^ 
procemt*^  ;  the  upjier  pair  are  targe,  well  dcvelo]>ed,  and  correspond  in  shape  and" 
direction  to  the  superior  articulating  processes  "f  a  lumbar  vertebra;  the  second 
and  tbird  are  small ;  the  fourth  and  fifth  (usually  friended  together)  are  situated 
on  each  side  of  the  sacra!  canal :  they  are  called  the  sat^ral  coniua,  sluA  articulate 
with  the  cornua  of  the  coccyx.  External  to  the  articular  processes  are  the  four 
posterior  mrral  foramina  ;  they  are  smaller  in  size  and  less  regular  in  form  than 
the  anterior*  and  transmit  tbe  poj^terior  brancbes  of  the  sacral  iRTves.  On  the 
outer  side  of  tbe  posterior  sacral  fonnuina  is  a  series  of  tubercles,  tbe  rudiment- 
ary tranm^erse  processes  of  the  SJici^al  vertebnv.  The  first  pair  of  trans vei*se 
tubercles  are  large,  very  distinct,  and  correspond  with  each  superior  hitt*ral  anfjh 
of  tbe  bone;  the  second,  small  in  size,  enter  into  the  formation  of  the  sacra-iliao 
articulation;  the  third  give  attacbment  to  the  obliijue  fasciculi  of  the  posterior 
sacro-iliac  ligaments;  and  the  fourth  and  fifth  to  the  great  sacro-sciatic  ligaments. 
The  interspace  between  tbe  spinoiLs  aud  trsmsveii^c  |n''^t^^^se8  on  the  back  of  the 
sacrum  presents  a  wide,  shani>w  cr^ncavity,  called  the  meral  4fnn*re :  it  is 
continuous  above  with  the  vertebral  groove^  and  lodges  the  origin  of  the  Erector 
spinas. 


Fig,  123.— VertJcal  aectfon  of  the  sacrum. 
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le  Ilium.  This  is  called  the  auricular  surface,  and  in  the  fresh  state  is  coated 
with  fib ro-carti Inge*  It  is  bounded  posteriorly  by  dee|*  and  uneven  impressions, 
for  the  attachment  of  the  posterior  sacro-iliac  li^anieota.  The  lower  half  is  thin 
and  Bharp,  and  ends  in  a  prominence,  the  iuferinr  httvral  mtifle  ;  the  border  gives 
attachment  to  the  greater  and  lesser  sacro-sciatic  ligaments,  and  to  some  fibres 
of  the  Gluteus  maximus :  below  tlje  am/Ie  is  a  deep  notch,  which  is  converted 
into  a  foramen  by  the  transverse  process  of  the  upper  piece  of  the  coccyx,  and 
transmit-s  the  anterior  division  of  the  fifth  sacral  nerve. 

The  Base  of  the  sacrum,  which  is  broad  and  expanded,  is  directed  upward  and 
forward.  In  the  middle  is  seen  a  large  oval  articular  syrfuce,  which  is  connected 
with  the  under  surface  of  tlie  bodv  of  the  last  lumbar  vertehra  by  a  fibre-carti- 
laginous iiisk.  It  is  bounded  behind  by  the  large,  triangular  orifice  of  the  sacral 
canal.  The  orifice  is  fonned  behind  by  the  lamiusi?  and  spinous  process  of  the 
fir^t  sacral  vertebra :  the  superior  articular  processes  project  from  it  on  each  side ; 
they  are  oval,  concave,  directed  backward  and  inward,  like  the  superior  articular 
processes  of  a  lumbar  vertebra;  and  in  front  of  each  articular  process  is  an  inter- 
vertebral notch,  which  forms  the  lower  half  of  the  last  intervertebral  foramen. 
Lastly,  on  each  side  of  the  large  ovalariicularsurfaceisabroadand  flat  triangular 
surface  of  bone,  which  extemls  outward,  supports  the  Psoas  magnus  muscle  and 
lumbo-sacral  cord,  and  is  continuous  on  each  side  with  the  iliac  fossa.  This  is 
called  the  ala  of  the  sacrum,  an<i  gives  attachment  to  a  few  of  the  fibres  of  the 
Iliacus  muscle. 

The  Apex,  directed  downward  and  forward,  presents  a  small,  oval,  concave 
Irface  for  articulation  with  the  coccyx. 

The  Spinal  Canal  runs  throughout  the  greater  part  of  the  bone;  it  is  large 
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and  triiingiilar  in  fonn  above,  email  and  flattened,  from  before  backward,  belovr. 
Ill  tbis  situation  its  posterior  wall  is  incomplete,  from  tbe  non-develojiment  of  tbe 
lamiu;e  and  spinous  processes.  It  lodges  the  sacral  nerves,  and  is  perforated  by 
tlic  anteri^ir  and  posterior  sacral  foramina,  througli  wliicli  these  pass  ont. 

Structure, — It  consists  of  niucb  loose,  spongy  tissue  within,  invested  externally 
by  a  thin  layer  i*f  compact  tissue, 

DifferenceB  in  tbe  Sacrum  of  tbe  Male  and  Female. — ^The  sacrum  in  the 
female  is  usually  wider  than  in  the  male  ;  the  lower  half  forms  a  greater  angle  w  ith 
tbe  upper,  the  upper  half  of  the  bone  being  nearly  straight,  tbe  lower  half  p^re- 
se n  t  i  n g  th e  g r e a t es t  a m o u n  t  of  c  u r va t u r e.  T li e  bone  is  al so  d i  r ec t c d  ru  o re  oh  1  i  (|  n ely 
backward,  which  increases  the  size  of  the  ])elvic  cavity ;  but  the  sacro-vertebral 
angle  projects  less.  In  the  male  tlie  curvature  is  more  evenly  distributed  over  tbe 
whole  length  of  the  bone,  and  is  alttigether  greater  tban  in  tbe  female. 

Peculiarities  of  tlie  Sacrum, — This  bone,  in  some  cases,  consists  of  six  pieces; 
occasionally,  the  number  is  reduced  to  four.  Sometimes  the  bodies  of  tbe  first 
anrl  secon<l  segments  are  not  joined  or  the  laminae  and  s|iinous  processes  have  not 
coalesced.  Occasionally  the  tipper  jiair  oi'  transverse  tubercles  are  not  joined  to 
the  rest  of  the  bone  on  one  or  both  sides  ;  and,  lastly,  the  sacral  canal  may  be  open 
for  nearly  tbe  lower  half  of  the  bone,  in  conscfjuence  of  the  imperfect  development 
of  the  lam i me  and  spinous  processes.  Tbe  sacrum,  also,  varies  considerably  with 
respect  to  its  degree  of  curvature.  From  tbe  examination  of  a  large  number  of 
skeletons  it  would  afvpear  that  in  one  set  of  cases  the  anterior  surface  of  this  bone 
was  nearly  straight,  the  curvature,  which  was  very  slight,  affecting  only  its  lower 
end.  In  another  set  of  cases  tbe  bone  was  curved  throughout  its  whole  length, 
but  especially  toward  its  middle.  In  a  third  set  the  degree  of  curvature  was  less 
marked,  and  affected  especially  tbe  lower  third  of  tbe  bone. 

Development  (Fig,  125), — The  sacrnin,  formed  by  tbe  union  of  five  vertebn^,  ba> 
thirti/'fim  centres  of  ossification. 

The  hoclies  of  tbe  sacral  vertebra?  have  each  three  ossific  centres:  one  for  tbe 
centra!  part,  and  one  for  tbe  epiphysial  plates  on  its  upper  and  under  surface. 
Occasionally  the  primary  centres  for  tbe  bodies  of  the  first  and  second  piece  of  the 
sacrum  are  double, 

The  arch  of  each  sacral  vertebra  is  developed  by  two  centres,  r*ne  for  each 
lamina.     These  unite  with  each  other  behind,  and  subsequently  join  the  bodv. 

The  lateral  manges  have  six  additional  centres,  two  for  each  of  tbe  first  three 
vertebne.  These  centres  make  their  ap]>earance  above  and  to  the  outer  side  of 
the  anterior  sacral  foramina  (Fig.  125),  and  are  developed  into  separate  segments 
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(Fig.  126);  they  are  subser|uently  blended  with  each  other^  and  with  the  bodies 
and  transverse  processes  to  form  the  lateral  mass. 

Lastly,  each  hiteral  gurffiee  of  the  sacrum  is  developed  by  two  epiphysial  plates 
(Fig.  12f):  one  for  the  auricular  surface,  and  one  for  the  remaining  part  of  the 
thin  lateral  edge  of  the  bone. 
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Pitriod  of  Development — At  about  the  eighth  or  ninth  week  of  foetal  life  ossi- 
fication of  the  central  part  of  the  bodies  of  the  first  three  vertebrfie  commences. 
and  at  a  somewhat  later  period  tltut  of  the  last  two.  Between  the  sixth  and 
eighth  months  ossification  of  the  laiDime  takes  place;  and  at  about  the  same 
period  the  characteristic  osseous  tubercles  for  the  first  three  sacral  vertebra^  make 
their  appearance.  The  period  at  which  the  arch  becomes  com|ileted  by  tlie  junction 
of  the  lamiuLC  with  the  bodies  in  front  and  with  each  other  hehin<l  varies  in  different 
segments.  The  junction  between  the  laminic  and  the  bodies  takes  place  first  in 
J^e  lower  vertebne  as  early  as  the  second  year,  but  is  not  effected  in  the  «ipper- 

t  until  the  fifth  or  sixth  year.  About  the  sixteenth  year  the  epiphyses  for 
the  upper  and  under  surJaces  of  tlie  bodies  are  formed,  and  between  the  ei^rhteenth 
and  twentieth  years  those  for  each  lateral  surface  of  the  sacrum  make  their 
Appearance.  The  bodies  of  the  sacral  vertehrie  are,  during  early  life,  separated 
from  each  other  by  intervertebral  clisks.  But  about  the  eighteenth  year  the  two 
lowest  segments  become  joined  together  by  ossification  extending  through  the 
disk.  This  process  gradually  extends  upward  until  all  the  segments  become 
united,  and  the  bone  is  completely  fortued  from  the  twenty-fifth  to  the  thirtieth 
year  of  life. 

Articulations. ^ — With  four  bones:  the  last  lumbar  vertebra,  coccyx,  and  the 
two  ossa   innominata. 

Attachnient  of  Mnscles* — To  eight  pairs:  in  front,  the  Pyriffu^mis  and  Coccyg- 
ens,  and  a  portion  i»f  the  Iliacus  to  the  base  of  the  bone;  behind,  the  Gluteus 
maximus,  Latissimus  dorsi,  Multifidus  spinse,  and  Erector  spinse.  and  sometimes 
the  Extensor  coccygis. 

The  Coccyx. 

The  Coccyx  {xoxxui,  cuckoo),  so  called  from  having  been  compared  to  a  cuc- 
kooes beak  (Fig.  128),  is  usually  formed  of  flour  small  segments  of  bone,  the  most 
rudimentary  parts  of  the  vertebral  column.  In  each 
of  the  fii-st  three  segments  may  be  traced  a  rudi- 
mentary body,  articular  and  transverse  processes ;  the 
last  piece  (sometimes  the  third)  is  a  mere  nodule  of 
bone,  without  distinct  processes.  All  the  segments  are 
destitute  of  pedicles,  laminte,  and  s^linous  processes. 
and,  consei|uently,  of  intervertebral  foramina  and  sj>inal 
canal.  The  first  segment  is  the  largest :  it  resembles 
the  lowermost  sacral  vertebra,  and  often  exists  as  a 
separate  piece;  the  last  three,  diunnishing  in  size  from 
above  downward,  are  usually  blended  together  so  as  to 
form  a  single  hone.  The  gradual  diminution  in  the 
size  of  the  pieces  gives  this  hone  a  triangular  form,  the 
base  of  the  triangle  joining  the  end  of  the  sacrum.  It 
presents  for  examination  an  anterior  and  posterior  sur- 
face^ two  borders,  a  base,  and  an  apex.  The  antenor 
jrurfcwe  is  slightly  concave,  anrl  marked  with  three 
transverse  grooves,  indicating  the  points  of  jimcfion  of 
the  different  pieces.  It  has  attached  to  it  the  anterior 
sacro-coccygeal  ligament  and  Levator  ani  muscle,  and 
supports  the  lower  end  of  the  rectttm.  The  posterior 
surface  is  convex,  marked  by  transverse  grooves  similar 
tn  those  on  the  anterior  surface  ;  and  presents  on  each 
side  a  lineal  row  of  tubercles,  the  rudimentary  articular 
processes  of  the  coccygeal  vertebne.  Of  these,  the  supe- 
rior pair  are  large,  and  are  called  the  cornua  of  the 
coecifx ;  thev  project  upward,  and  articulate  w^ith  the 
cornua  of  tne  sacrum,  the  junction  between  these  two 
bones  cora|deting  the  Ilfih  poster! ftr  sacral  foramen  for  the  transmission  of  the  pos- 
terior division  of  the  fifth  sacral  nerve.    The  lateral  borders  are  thin,  and  present  a 


Anterior  surface. 


A,A 


Pontenor  surface. 
Fiu.  r2»,— €occvx. 


160 


THE  SKELETON. 


2«t  cervical  ^ 
or  AUa». 

ittd  cervical " 
or  AjHm, 

J- 


M  dortal,' 


U-\ 


^'\ 


7- 


tu 


/f- 


l4t  iumbar.-  I 


■«: 


'  T^^^^Wi 


Feb.  1».— Lateral  view  of  the  spine. 


series  of  small  eminences,  which  represent 
the  transverse  processes  of  the  coccygeal 
vertehrse.  Of  iLese,  the  first  on  each  side  is 
the  largest,  flatteneJ  from  before  haekwanl 
and  often  ascends  to  join  the  lower  part  nf 
the  thin  lateral  edge  of  the  sacrum,  thus 
completing  the  fifth  anterior  sacral  foramen 
for  the  trunsmission  of  the  anterior  division 
of  the  fifth  sacral  nerve;  the  others  diminish 
in  size  from  nhoxe  downward,  and  are  often 
wanting.  The  bordem  of  the  coccyx  arc 
narrow,  and  give  attachment  on  each  side  to 
the  sacro-sciatic  ligaments,  to  the  Coccygeus 
muscle  in  front  of  the  ligaments,  and  to  the 
Gluteus  maxim  us  behind  them.  The  hinte 
presents  an  oval  surface  for  articulation  with 
the  sacrum.  The  apex  is  rounded,  and  has 
attached  to  it  the  tendon  of  the  external 
Sphincter  muscle.  It  is  occasionally  bifid, 
and  sometimes  deflected  to  one  or  other  side. 

Development.— The  coccyx  is  developed 
hy  four  centres,  one  for  each  piece,  (k-ca- 
sionally  one  of  the  first  three  pieces  of  this 
bone  is  developed  by  two  centres,  placed  side 
by  side-  The  ossific  nuclei  make  their  ap- 
pearance in  the  following  order:  in  the  first 
segment,  at  birth  ;  in  the  f^econd  piece,  at 
from  five  to  ten  years;  in  the  third,  from 
ten  to  fifteen  yeai^s;  in  the  fourth,  from  fif- 
teen to  twenty  years.  As  age  advances  these 
varioits  segments  become  united  in  the  fol- 
lowing order  :  the  first  two  pieces  join  ;  then 
the  third  and  fimrth  ;  and,  lastly,  the  bone 
is  completed  by  the  union  of  the  second  and 
third.  At  a  late  period  of  life,  especially  in 
females,  the  coccyx  often  becomes  joined  to 
the  end  of  the  sacrum. 

Articulation* — With  the  sacrum. 

Attachment  of   Muscles.— To   four    pairs 

and  one  sint^le  muscle :   on  either  side,  tbe 

_  ■     p?  - 

Coccygeus ;  behind,  the  Gluteus  maxinius 
and  Extensor  coecygis,  when  present;  at  the 
apex,  the  Sphincter  ani ;  and  in  front,  the 
Levator  ani. 

The  Spine  in  OeneraL 

The  Spinal  Column,  formed  by  the  junc- 
tion of  the  vertebriu^  is  situated  in  the  median 
line,  at  the  posterior  part  of  the  trunk;  itd| 
average  length  is  about  two  feet  two  or  three 
inches,  measuring  along  the  curved  anterior 
surface  of  the  column.  Of  this  length  the 
cervical  part  measures  about  five,  the  dorsal 
about  eleven,  the  lumbar  about  seven  incheai  ^ 
and  the  sacrum  and  coccyx  the  remainder. 
The  female  spine  is  about  one  inch  less  than 
t!ie  male. 
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Viewed  in  front,  it  presents  two  pv  ram  ids  jnined  together  at  their  bases,  the 
upper  one  being  formed  by  all  the  vertebra?  from  the  second  cervical  to  the  last 
lumbar,  the  lower  one  by  the  sacrum  and  coccyx.  When  examined  more  closely, 
the  upper  ]>yramid  is  seen  to  be  fanned  of  three  smaller  pyramids.  The  upper- 
m»jst  of  these  consists  of  the  six  lower  cervical  vertebne,  its  a|)ex  being  formed  by 
the  axis  or  second  cervicMl,  its  bjise  by  the  first  dorsal,  'riie  second  pyramid, 
which  is  inverted,  is  fitrmed  by  the  four  upper  dorsal  vertebrie,  the  base  being  at 
the  first  dorsal,  the  smaller  end  at  the  fourth.  The  third  pyramid  commences  at 
the  fourth  doi^sal,  and  gradually  increases  in  size  to  the  fifth  lumbar. 

Viewed  laterally  (Fig.  12U),  the  spinal  column  presents  several  curves,  which 
correspond  to  the  different  regions  of  the  column,  an^l  are  called  ce^rvical,  dornaU 
lumbar^  and  pelvic.  The  cervieal  curve  commences  at  the  apex  of  the  odontoid 
process,  and  terminates  at  the  middle  <»f  the  second  dorsal  vertebra;  it  is  convex 
ID  front,  and  is  the  least  marked  of  all  the  curves.  The  dorfnal  curve,  which  is 
concave  forward,  commences  at  the  middle  of  the  second,  and  terminates  at  the 
middle  of  the  twelfth  dorsaL  Its  most  prominent  point  behind  corresj>on»ls  to 
the  spine  of  the  seventh  d(»rsal  vertebra.  The  hunhar  curve  commences  at  the 
middle  of  the  last  dorsal  vertehra,  and  terminates  at  the  sacro-vertebral  angle. 
It  is  convex  anteriorly;  the  convexity  of  the  lower  three  vertebrae  being  much 
greater  than  that  of  the  upper  ones.  The  pelvic  curve  commences  at  the  sacro- 
vertebral  articulation  and  teroiinates  at  the  point  of  the  coccyx.  It  is  concave 
anteriorly.  The  dorsal  nrid  pelvic  curves  are  the  prii^ary  curves,  and  begin  to 
be  formed  at  an  early  period  of  fretal  life,  and  are  due  to  the  shape  of  the  bodies 
of  the  vertebrse.  The  cervical  and  lumbar  curves  are  compensatory  or  secondary, 
and  are  developed  after  birth  in  order  to  maintain  the  erect  position.  They  are 
due  mainly  to  the  shape  of  the  intervertebral  disks. 

The  spine  has  also  a  slight  lateral  curvature,  the  convexity  of  which  ie 
directed  toward  the  rigiit  side.  This  is  most  probsibly  produced,  as  Bichat  first 
explained,  chiefly  by  muscular  action,  most  jtersons  using  the  right  arm  in  prefer- 
ence to  the  left,  esj>ecially  in  making  long-contiTnied  efforts,  when  the  body  is 
curved  to  the  right  side.  In  support  of  this  explanation  it  has  been  found  by 
B^clard  that  in  one  or  two  individuals  who  were  left-handed  the  lateral  curvature 
was  directed  to  the  left  side. 

The  spiual  column  presents  for  examination  an  anterior,  a  posterior,  and  two 
Jfiteral  surfaces;  a  base,  summit,  and  spinal  canal. 

The  anterior  siurface  presents  the  bodies  of  the  vertebrre  separated  in  the 
recent  state  by  the  intervertebral  disks.  The  bodies  are  broad  in  the  cervical 
region,  narrow  in  the  upper  part  of  the  dorsal,  and  broadest  hi  the  lumbar  region. 
The  whole  of  this  surface  is  convex  transversely,  concave  from  above  downward  in 
the  dorsal  region,  and  convex  in  the  same  direction  in  the  cervical  and  lumbar 
regions. 

le  posterior  surface  presents  in  the  median  line  the  spinous  processes.  These 
lort,  horizontal,  with  bifid  extremities,  in  the  cervical  region.  In  the  dorsal 
region  they  are  directed  obli([uely  above,  assume  almost  a  vertical  direction  in  the 
middle,  and  are  horizontal  below,  as  are  also  the  sjiines  of  the  lumbar  vertebne. 
They  are  separated  by  considerable  intervals  in  the  loins,  by  narrower  intervals 
in  the  neck,  and  are  closely  aj*proximated  in  the  middle  of  the  dnrsal  region. 
4)ccai^ionally  one  of  these  [U'ocesses  deviates  a  little  from  the  median  line— a  fact 
to  be  remembered  in  practice,  as  irregularities  of  this  sort  are  attendant  also  on 
fractures  or  displacements  of  the  spine.  <Jn  either  side  of  the  spinous  processes, 
extending  the  whole  length  of  the  column,  is  the  vertebral  groove  formed  by  the 
laminse  in  the  cervical  and  lundjar  regions,  where  it  is  shallow,  anil  by  the  laminae 
and  transverse  processes  in  the  dorsal  region,  where  it  is  deep  and  broad.  In 
the  recent  state  these  grooves  lodge  the  deej>  muscles  i^^  the  back.  External  to 
the  vertebral  grooves  are  the  articular  processes,  and  still  more  externally  the 
transverse  process.     In  the  dorsal  region  the  latter  processes  stand  backward,  on 
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a  jilttiie  cnnsidembly  posterior  to  the  same  processes  in  the  cervical  and  liiinbar 
regiufiM,  Tri  the  cervicul  region  the  traii^sverse  processes  are  phieed  Jii  froiU  of  the 
articular  processes,  and  on  the  outer  side  of  the  pedicles,  between  the  interver- 
tebriil  foramina.  In  the  dorsal  region  they  are  posterior  to  the  j)edicles,  interver- 
tebral foramina,  and  articular  processes.  In  the  lumbar  they  are  placed  also  in 
front  of  tlie  articular  processes,  but  bebind  the  intervertebral  forntnina. 

The  Larteral  surfaces  are  sejiarated  i\i\m  the  i)osterior  by  the  articular  processes 
in  the  cervical  and  lumbar  regit>ns,  and  by  the  transverse  [processes  in  the  dorsal 
These  surfaces  present  in  front  the  sides  of  the  bodies  (tf  the  vertebra%  marked  in 
the  dorsal  region  by  the  facets  for  articulation  with  the  heads  of  the  ribs.  More 
posteriorly  are  the  intervertebral  foramina,  formed  by  the  juxtaposition  of  the 
intervertebral  notches,  oval  in  shape,  snudlest  in  the  cervical  and  ujvper  part  of 
the  dorsal  regions,  and  gradually  increasing  in  size  to  the  last  htiubar.  They  are 
situated  between  the  transvet^se  processes  in  the  neck,  and  in  front  of  ihem  in  the 
back  auil  h>ins,  and  transmit  the  spinal  nerves. 

The  base  of  that  portion  of  the  vertebral  column  formed  by  the  twenty-four 
movable  vertebrae  is  formed  by  the  under  surface  i»f  the  body  of  the  fifth  lumbar 
vertebra;  and  the  summit  by  the  u]>]ier  surface  of  the  atlas. 

The  vertebral  or  spinal  canal  follows  the  different  curves  of  the  spine;  it  is 
largest  in  those  regions  in  which  the  s})ine  enjoys  the  greatest  freedom  of  move- 
ment, as  in  the  neck  and  loins,  where  it  is  wide  and  triangular;  and  narrow  and 
rounded  in  the  back,  where  motion  is  more  limited. 

Sttr/arr  FttntL—Tha  only  \K\n  nr  the  vertebral  fdhmni  whit-h  lies  closely  under  the  skin, 
and  so  directly  iriflaences  sarfaec  furai,  is  the  apifcs  of  the  spinous*  processes.  These  are  fdways 
diistiuj^uishahlc  at  tlie  hottom  of  a  niedbu  furrow,  which,  more  or  less  evident,  runs  dowti  the 
UM'sial  line  of  the  hack  frum  the  external  necipital  prolulienince  above  to  the  aiiddle  uf  the 
sacruta  l»el«iw.  In  the  neck  the  furrow  is  broad,  and  termitjates  below  iti  a  coasiiicuous  projee 
tiou,  whieh  la  caused  by  the  spiuoiis  prcK-est*  of  the  seventh  cervical  vertebra  (vertebra  jtrnmi- 
iietis).  Above  this  the  spinous  process  of  (he  sixth  cervieal  veriebra  ujay  soujetiiues  be  seen; 
the  other  cervical  sniues  are  sunken,  and  are  not  visible,  ihoimh  the  spine  of  the  axis  can  be 
felt,  auil  generally  also  the  spines  of  the  ilurd.  iburtlit  and  fitih  cervical  vertebrae.  In  tln& 
dursal  region  the  tiirrow  is  shalluw,  and  duri^;^'  stiHijmijt^  disiippears,  and  then  the  spinous  pro- 
cetises  l>econic  more  or  hm  visible.  The  n]arkiHg:s  produced  by  llu's<-'  spines  ure  sniidi  and  close 
together.  In  the  hinibar  reafion  the  furrow  is  deep,  and  tlie  wituation  of  the  lanibiir  spities  is 
fre^iucntly  iudk'aled  by  little  pit,H  or  depressions,  e,specially  if  the  mu:<clcs  in  ihe  loins  are  well 
dcvclopef^l  and  the  spine  incurved.  They  tire  iniicli  laruer  and  Ikrther  apart  than  in  the  dorsal 
re^doa.  hi  the  saeral  rcLdori  the  furrow  is  shallower  presentin^^aflsUtened  area  which  ternjinatea 
below  at  the  most  prominent  part  of  the  [Misterinr  Burlace  of  the  satTum.  foruicd  by  the  spmous 
process  uf  the  third  saeral  vertebni.  At  the  iHiitJUn  of  the  fnrrow  may  be  felt  the  irregular 
p<j«ieriia*  suriare  of  the  bune.  Oelow  this^  in  the  deep  groove?  leiidiag  to  the  anus,  tlie  eoce>x 
may  be  felt.  The  ordy  tither  portions  ol'the  vertebral  colnum  which  can  l^e  Ick  IVoin  the  surface 
are  the  transverse  proeesses  of  three  of  the  cervical  vertebra* — viz.  tlu'  first,  the  sixth,  and  the 
se  vent  It.  The  transverse  process  of  tlie  atlas  can  Ih.^  felt  as  a  routirled  nodule  iif  Ixme  jnsi  Wlow 
and  in  front  i(f  the  apex  of  the  mastoid  proce,ss,  alonp:  the  anterior  border  i>t  tbe  sterno-nuLstoid. 
The  tratisverse  process  of  the  sixth  cervical  vertelmi  is  of  surgical  importance,  ll  dce|>  pressure 
be  made  in  the  neck  in  the  course  of  the  earotid  artery,  opposite  the  cricoid  cartilage,  the 
prominent  atiterior  tulienHe  uf  the  tnmsverstv  process  uf  the  sixth  cervical  vertebra  can  be  felt. 
This  has  been  named  (^ha)iS(rt(j/nit'"A  tfffHrcfr,  and  against  it  the  carotid  artery  may  be  most 
conveniently  comiiresscd  by  the  linger.  The  tnmsverse  jimcess  ol"  the  seventh  eendeal  vcrtebni 
can  also  often  be  felt.  Occasionally  the  anterior  root,  or  costal  proeess,  is  large  and  segmented 
off,  furming  a  cervicid  rib. 

Surf/thd  Anatumtf. — Oecasionally  the  eoaleacence  of  the  lamina?  is  not  completed,  and  LX»n- 
sequently  a  clell  is  left  in  tlie  arches  of  the  vcrtebne.  through  which  a  ])roirnsion  of  the  spiriid 
mcniltranes  (durji  mater  and  amclmoid).  and  sometimes  of  the  spinal  cord  itself*,  fakes  place, 
constituting  the  disease*  known  nsHpimt  litfida.  Thisilisease  is  most  eoaimon  in  the  lunilx>-s;*enil 
rt^gion,  on  account  of  the  fact,  previoasly  staled,  that  the  closure  of  the  arches  takes  plaee 
gradiudly  from  alH>ve  downward  ;  but  it  may  t>ccar  in  the  dorsal  orcervieal  region,  or  the  arches 
throughout  the  whole  length  of  the  canal  may  rentain  unapproxiniated.  In  some  rare  castas,  in 
consc^inenee  of  the  non-eoalescenee  of  the  two  primar)^  centres  from  wliieh  the  Wily  is  furnied, 
a  similar  L*<ualition  may  oiTur  in  frunt  ul  ibe  «*anab  tlie  Ujdies  of  tlie  vertebne  beimr  found  elcfl 
anil  the  tamor  projcctmg  into  the  thorax,  alKhunen,  or  t^elvis,  between  the  lateral  halves  of  the 
lK>dics  affected. 

The  construction  of  the  spinal  column  of  a  number  of  pieces,  securely  connected  tojrether 
and  enjoying  only  a  slight  degree  of  movement  between  any  two  inxlividual  pieces,  though  per- 
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mitUiig  of  a  veiy  oonaideiable  run^e  of  mDvemcnt  as  a  wh(ik%  allowg  a  sufficient  degree  of 
uiobnity  without  any  materiul  diniinution  of  strength.  Tlic  loany  juirits  of  which  the  spine  is 
oomfMi^d,  locethtT  with  tht^  von^  varied  moveinents  to  which  it  is  suhjeetCML  rtTidt^r  it  hable  to 
sprains;  but  skj  eiost*ly  are  tht:  individual  vert t?bra^  articulated  that  these  spraint*  arc  rarely  or 
ever  severe,  aod  any  amount  of  violence  sufficiently  s^reat  to  prnduec  tearioif  of  the  liifaiuenti* 
woald  tend  rather  to  e^vuse  a  dislocation  or  fracture.  The  further  haiety  oi"  the  column  and  its 
lesti  Itability  to  injury  is  jirovided  for  by  its  <li^position  in  curves,  instead  of  i!i  uiie  straiirht  line. 
For  it  is  an  elastic  eolumn,  and  luust  first  \h:w\  iHrfurc  it  iireakt^:  under  iheye  ctreu instances, 
being  made  up  of  three  curves,  it  represents  three  cnhimns,  and  >rreater  foiY-e  \^  re^iuired  to  pmi- 
duoe  beoding  of  a  short  eohunn  than  of  a  longer  one  that  is  e<pja]  to  it  in  breadth  and  material 
Again,  the  safety  of  the  column  is  provided  i'or  by  the  ifiterfRisitiun  of  the  intervertebral  disk 
between  the  bodies  of  the  vertebne,  which  act  i\»  iidminible  buft'crs  in  count eractintr  the  effects  of 
\nolent  jars  or  shocks.  Friicture'dii*liH"ation  of  the  spine  may  be  cau.Hed  !>y  ilirtK-t  or  indirect 
WolefKM*,  or  by  a  combination  of  the  two,  a.^  when  a  pers^m,  fallinii:  fn*m  a  lici^dit,  strikes  against 
s«»nae  pn»minence  and  is  doubled  over  it.  The  fractures  fmm  indin^rt  violence  are  the  more  com- 
mon, and  here  the  bodies  nf  the  vertebra?  are  compressed,  whilst  the  arches  are  torn  asuncier  ; 
whilst  ID  fiBCttires  from  direta  violeace  the  arches  are  compressed  and  the  IxNJies  of  the  vertebrae 
BepArated  from  each  other.  It  will  therefore  be  seen  that  in  both  classes  of  injury  the  spinal 
marrow  \»  the  part  letmt  likely  to  be  injureil,  and  may  es<  aiie  dainagc  even  where  there  has  Wen 
considerable  lesion  of  the  bony  frame wnrk.  For,  us  Mr.  Jacobson  states,  "being  lodged  in  the 
centre  of  the  column,  it  occupies  neutral  grtjund  in  n.\speet  to  fones  v?hicli  mi^dit  ciiur; fracture. 
For  it  is  a  law  in  mechanic?!!  that  when  a  beam,  as  of  timlH*r,  is  exjiosed  to  breaka^^e  and  the 
foroe  does  not  exceed  the  limits  of  the  strt'nL:th  of  the  materiah  one  division  resists  compression, 
another  lac*fration  of  the  particle^!,  while  the  thirnl,  between  the  two.  is  in  a  netnitive  condition/' 
Apply iiiL'  this  principle  to  the  spine,  it  will  be  si-eu  that,  whether  the  fraeture-dislwation  he  pro- 
duced by  direct  violence  or  indirect,  one  se^^ment,  either  the  anterior  or  [Misterior,  will  t*e  exjiosed 
to  eompreastun.  t!ie  other  tu  hwTnition,  and  the  ititermediate  part,  wliere  the  codI  is  sitnated^ 
will  be  in  a  neutnd  state.  When  a  fracture- dislocation  is  produced  by  indirect  violence  the  dis- 
pW>?ment  is  almt»st  always  the  same,  I  lie  uhper  seement  l>eing  driven  forwartl  on  the  lower,  so 
that  the  cord  \&  compressed  between  tlieljoily  of  the  vertebra  below  and  the  arch  of  the  vertebra 
above. 

Tfie  parts  of  the  spine  mo-st  liable  to  be  injnred  artt  (1 )  I  he  dorsidumbar  region,  for  this  part 
ii*  near  the  middle  of  tne  column,  and  there  is  therefore  a  greater  amount  of  leverage,  and  more- 
the  portion  alwve  is  compamtively  fixed,  and  the  vertebrae  which  ibmi  it,  tliou^di  much 
_  Her,  have  nevertheless  to  bear  almost  as  ^nneat  a  weight  as  those  below ;  (2)  the  cervico-dor^ul 
l€|ion,  because  here  the  flexible  cervical  portion  of  the  ,spine  joinn  the  imire  fixed  dorsa!  region  ; 
Slid  (3)  the  alto-axoid  region,  because  it  enjovs  an  extensive  nin|.?e  of  movement,  and,  oeing 
iwmr  the  sktilh  ig  influenced  by  violence  applied  to  the  head.  In  fnictn re-dislocation  it  luis  t>een 
piT>posed  to  trephine  the  sjiine  and  remove  [wrtions  of  the  laminje  and  spinous  processes.  The 
oj»eration  can  only  be  of  use  wlien  the  paralysis  is  due  to  the  oressure  of  Ixmeor  the  eflusion  of 
btoo<l,  and  not  to  eases,  which  are  by  far  the  most  c«munon,  where  the  ctml  is  emshetl  to  a  pulp. 
And  even  in  those  cases  where  the  coi-d  is  ct)mpre!^'4td  b}'  iRitie  the  iHirtion  of  displaced  lx>ne 
which  pre^sses  on  the  con!  is  cenei^lly  the  btidy  of  the  vertebni  below,  and  is  therefore  inaccess- 
ible to  operation.  The  ojier;itive  proceeding  is  one  of  givat  severity,  involving  an  extensive  and 
deep  wound  and  trreat  risk  of  septic  meningitis,  and.  iw  the  advantages  to  he  derived  fr^m  it  are 
exceedingly  problematical  and  cc>nHned  tu  a  very  few  cases^  it  is  nut  ollen  restirted  to.  TleI^hin- 
ing  has  also  lieen  resorte*!  to  in  .some  euscs  id"  paraplegia  due  to  Potts  disease  of  the  s]>ine. 
Here  the  pandvsis  is  due  to  tlie  pressure  nY  ii]flaiuuiatot*y  prodncts,  and  wliere  this  is  new  scar- 
tigBue,  formed  W  the  organization  of  granulation  tissue,  its  removal  Inis  been  attended  with  a 
veiy  considerable  amount  of  success. 
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V        The  Skull,  or  superior  expansion  of  the  vertebral  tolumn,  has  been 

H  as   if  eojufuKsed   of  four   vfrtehra%   the  elementary   [larts    of  which  nre 

modified  in  form  and  size*  and  almost  immovably  connected,  for  the  ree 

the  brain  and  special   oi^gan.s   of  the  senses.     These  vertebrae   ate  the 

parietal,  front aL  and  nasnL  Descriptive  Jinatomists,  however,  divide 
into  two  parts,  the  Cranium  and  the  Face.  The  Cranium  [xpdvo^^  a 
composed  of  ei-ght  hones — vix.  the  oectpiiah  two  panrttd,  frontal,  two 
»phtHoid,  and  ethmotd.  The  Face  is  composed  at  fotfrteen  bones— viz 
nasaL  two  t^uperior  maxiUary^  two  laritnpfial,  two  malar,  two  pttlate,  tw 
tnrbiufttcd^  vojiter^  and  inferior  maxiUarff.  The  osmeuli  audit  us,  the 
Wrffintan  bontfg  are  not  included  in  this  enumeration. 


described 

s|>eciaily 

epti<m  of 

occipital, 

the  8kull 

helmet)  is 

temporal^ 

.   the  two 

o  mferior 

teeth,  and 


^  Holmcfl  s  System  of  Sitr^eryt  vol-  i.  p.  529,  1883. 


CONSTRlCTOH 

Pharymt, 


Fig.  130.— Occipital  bone.    Outer  surfboe. 

and  base  of  the  crfiniura,  is  tm|vezoid  in  form  (Fig.  130),  curved  upon  it&elf,  and 
presents  for  exaiuinarioTi  two  surfaces,  four  borders,  and  four  angles* 

The  external  surface  is  eruivex.  JTidway  between  the  siiuiniit  of  tbe  bone  and 
the  posterior  margin  of  the  iVvniiueii  lUii^num  is  a  prominent  tubercle,  the  eTternal 
iteeiptfal  prof uhi' ranee,  for  the  altarhnient  of  tlie  Ligaujenrum  nuchie;  and, 
desceniling  fn>m  it  as  far  as  the  foramen,  a  vertical  rid«:e,  the  external  oecipital 
crest.  This  tubercle  and  crest  vary  in  prominence  in  different  skulls.  Passing 
outwaid  from  the  oc€i|iitfil  protuberance  is  a  semicircular   ridge  on  each  side,  the 
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r  curved  line.  Above  tbis  line  there  is  often  a  second  less  distinctly  marked 
(galled  the  hujhf si  curved  lini'  {linea  mtprenia)  x  to  it  the  epiemnial  aftnueynisis 
ched,  The  bone  between  tbe.se  two  liiiet*  is  smoother  and  denser  than  the 
rest  of  the  surface.  Running  parallel  with  these  from  the  middle  of  the  crest  is 
another  semicircular  ridge  on  each  }*ide,  the  inferior  curved  lines.  The  surface  of 
the  bone  above  tlie  superior  curved  lines  is  rough  and  porous,  and  in  the  recent 
state  is  covered  by  the  Occipito-frontalis  muscle,  while  the  ridges,  mh  well  as  the 
surface  of  the  bone  between  them,  serve  for  the  attachment  of  numerous  muscles. 
The  superior  curved  line  gives  attachment  internally  to  the  Trapezius,  externally 
to  the  muscular  origin  nf  the  Occipito-frontalis,  and  to  the  Sterno-cleido-mastoid 
to  the  extent  shown  in  Fig.  130 ;  the  depressions  between  the  curved  lines  to  the 
Com  plexus  internally,  the  Splenius  capitis  and  Obliijuns  capitis  superior  exter- 
Dally.  The  inferior  curved  line  and  the  depressions  below  it  afford  insertion  to 
the  Rectus  capitis  posticus,  major  and  minor. 

The  foramen  mapiiim  is  a  large,  oval  aperture,  its  long  diameter  extending  from 
before  backward.  It  transmits  the  medulla  oblongata  and  its  membranes,  the 
spinal  accessory  nerves,  the  vertebral  arteries,  the  anterior  and  posterior  spinal 
arteries,  and  the  oceipito-axiul  ligaments-  Its  back  part  is  wide  for  the  transmis- 
sion of  the  medulla,  and  the  corresponding  margin  rough  for  the  attachment  of  the 
duHi  mater  enclosing  it ;  the  fore  part  is  narrower,  being  encroached  u[)on  by  the 
condyles :  it  has  pr<>jecting  toward  it,  from  below,  the  c»d<»ntoid  process,  and  its 
margins  are  smooth  and  bevelled  internally  to  support  the  medulla  oblongata.  On 
each  side  of  the  foramen  magnum  are  the  eondyleft,  for  articulation  with  the  atlas; 
they  are  convex,  obb.ing,  <*r  rcniform  in  shape,  and  directed  downward  and  out- 
ward; they  Converge  in  front,  and  encroach  slightly  upon  the  anterior  segment  of 
the  foramen.  On  the  inner  border  of  each  condyle  is  a  rough  tul^ercle  for  the 
attachment  of  the  ligaments  (check)  which  c(uinect  this  bone  with  the  odontoid 
process  of  the  axis ;  whilst  external  to  them  is  a  nnigh  tubercular  prominence, 
the  transverse  or  Jugular  proi^e^s  {the  representative  of  the  transverse  process  of  a 
vertebra),  channelled  in  front  by  a  deep  notch,  which  forms  jjart  of  the  jugular 
foramen  or  foramen  laceriim  posterius.  The  under  surface  of  this  proeesa  presents 
an  eminence  which  represents  the  p^t rat n tint o id  proccnn  of  ^ame  mammals.  The 
eminence  is  occasionally  large,  and  extends  as  low  as  the  transverse  process  of  the 
atlas.  This  surface  affords  attachment  to  the  Rectos  capitis  lateralis  muscle  and 
to  the  lateral  occipito-atlantal  ligament:  its  upper  or  cerebral  surface  presents  a 
deep  groove  which  lodges  part  of  the  lateral  sinus,  whilst  its  external  surface  is 
marked  by  a  ♦piatlrilateral  rough  facet,  covered  with  cartilage  in  the  fresh  state,  and 
articulating  with  a  similar  surface  on  the  |>etrrjus  ]>ortion  of  the  temporal  bone.  On 
the  outer  side  of  each  condyle,  near  its  fore  part,  is  a  foramen,  the  iiuterior  eon- 
df^hid  ;  it  is  directed  downward,  outward,  and  forward,  and  transmits  the  hypo- 
1  nerve,  and  occasionally  a  meningeal  branch  of  the  ascending  pharvngeal 
This  foramen  is  sometimes  doufde.  llehin^l  eacli  condyle  is  a  fossa,*  some- 
times perforated  at  the  bottnui  by  a  forametj,  the  pmteriur  chndf/hnd,  for  tlie  trans- 
mission of  a  vein  to  the  lateral  sinus.  In  front  of  the  foranien  magnum  is  a  strong 
quadrilateral  plate  of  bone,  the  haailar  proeesj*^  wider  behind  than  in  front ;  its 
under  surface,  which  is  rough,  presenting  in  the  median  line  a  tubercular  ridge, 
the  pharyngeal  spine,  for  the  attachment  of  the  tendinous  raphe  and  Superior 
constrictor  of  the  pharynx :  and  on  each  side  of  it  rough  depressions  for  the 
attachmeni   of  the  Heetus  capitis  anticus,  major  and  minor. 

The  Internal  or  Cerebral  Surface  (Fig.  l-:il)  is  dee)>ly  c<mcave.  The  posterior 
or  oecijiital  [»art  is  divided  l*y  a  crucial  ridge  into  four  fossa?.  The  two  superior 
foesse  receive  the  occipital  b»bes  of  the  cerebrum,  and  present  slight  eminences 
and  depressions  corresponding  to  their  convolutions.  The  two  inferior,  which 
receive  the  hemispheres  of  the  cerebellum,  are  larger  than  the  former,  and  com- 

'  This  fot!e<a  presents  maiiy  varifiliona  in  size.  It  is  HHmilly  jihiillow,  and  the  fnrnnien  small ;  r>cra- 
fiormny  wonting  on  one  or  Ixjtli  6jde«.  Somen  mea  bolh  kn&m  aad  rnramen  are  liirge,  but  contmed  in 
<m^  side  only  ;  more  rarely,  the  foesa  and  foniiiien  arc  very  large  on  both  aides. 
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parativel y  smrx^tb  ;  bntb  are  marked  bj  slight  grnnves  for  the  lodgment  of  arteries. 
At  the  [Mjiot  of  meenng  <tf  the  four  divi.sioiis  of  the  crucial  ridge  is  an  eminence, 
the  iutertfal  areipital  prfitubrratn'e.  It  nearly  corre.sponds  to  that  on  the  outer 
surface,  an<l  is  [jerf<*rated  by  one  or  more  large  va?>cidar  foramina.  From  this 
eminence  the  superior  division  of  the  crucial  lidge  runs  upward  to  the  superior 
angle  of  the  bone;  it  presents  a  deep  groove  for  the  superior  longitudinal  sinus, 
the  margins  of  which  give  attachment  to  the  falx  cerebri.  The  inferior  divisi<m, 
the  tuttrnal  nceipital  crest,  runs  to  the  posterior  margin  of  the  foramen  magnum» 


SHperior  anglfi. 


Laieml 

Angle. 


Inferwr  angle, 
Fm.  lai.-Oecipitwl  lM>tie.    Inner  mi rfacc 

on  the  edge  of  which  it  becomes  gradually  b>st ;  this  ridge,  which  is  bifurcated 
helow%  serves  for  the  attachment  of  the  falx  eerebelli.  It  is  usually  marked  by  a 
single  groove,  which  commences  at  the  back  part  of  the  fitranicn  magnum  and 
lodges  the  occipital  sinus.  Occasionally  the  gnrove  is  doiilile  nbere  tWi>  sinuses 
exist.  The  transverse  grooves  pass  outward  to  the  lateral  angles:  they  are  deeply 
channelled,  for  the  lodgment  of  the  latei*al  sinuses,  their  prominent  margins  affoM- 
ing  attachment  to  the  tentorium  eerebelH.*  At  the  point  of  meeting  of  these 
grooves  is  a  dejiression,  the  inrvnhir  Il**ruphiH^  placed  a  little  to  one  or  the  other 
side  of  the  internal  occipital  protidjerance.  ilore  anteriorly  ivS  the  foramen  mag- 
num^  and  on  each   si«le  of  it,  but  nearer  its  anterior  than  its  posterior  part,  the 

*  Ufiually  (me  nf  the  tmnsvcrs*?  pm^ves  is  deeper  nni!  bm3idc»r  than  the  other;  fK-catJi  onalh*,  t>oth 
grooFea  are  uf  equal  (Jeplh  rind  hreailth,  or  hulh  etpinlly  indistiiicL  The  hmaderrif  v\w  two  tninsverse 
grooves  IR  neiiiiy  alwsivs  eontinuoiis  with  the  vertical  jtjroove  for  the  superior  lonp^itiidinjil  iiinus. 

*  The  i-olunjiia  nf  l^hnxi  coming  in  tliflTerenl  directions  weresuppotied  to  Ix^  f/rtnAtti  together  at  thia 
point  {toretdar^  a  wir  it -press). 
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mUfraal  openings  of  the  anterior  condyloid  forainirisi;  tlie  internal  openings  of  the 
posri^rtor  condyloid  fviramina  are  a  little  external  and  posterior  to  them,  proteeted 
bra  small  arch  of  hone.     At  this  part  of  the  internal  surface  there  ia  a  very  deep 
gpoove  in  which  the  posterior  conilyloid  foramen,  when  it  exists*  has  its  termina- 
tioD,     This  groove  is  continuous,  in  the  complete  sknll.  with  the  transverse  groove 
on  the  posterior  part  of  the  hone,  and  lodges  the  end  of  the  same  sintis»  the  lateral- 
la  front  of  the   foramen   magnum  is  the   ha^silar   process,   presenting   a   shallow 
depression,  the  bamlar  groovf^   which  slopes  from   behind,   upward  ftrid  forward, 
and  supports  the  medulla  oblongata  and  part  of  the  pons  V^arolii,  anti  ^n  each  side 
of  the   basilar  process  is  a  narrow  channel,  which,  when    united  with  a  similar 
channel  on  the  petrous  portion  of  the  temporal  bone,  forma  a  groove  which  lodges 
the  inferior  petrosal  sinus. 

Angles.— The  superior  angle  is  received  into  the  interval  between  the  posterior 
superior  angles  of  the  two  parietal  bones  :  it  corresfionds  with  that  part  of  the 
skull  in  the  f<«tus  which  is  called  the  posterior  fontajtelh^  Tlie  /i?/mor  angle  is 
represented  by  the  square-shaped  surface  of  the  basilar  process.  At  an  early 
period  of  life  a  layer  of  cartilage  sefiarates  this  part  of  the  bone  from  the  sphenoid, 
bat  in  the  adult  the  union  between  them  is  osseous.  The  lateral  angles  corre- 
sp<.>nd  to  the  outer  ends  of  the  transverse  grooves,  and  are  received  into  the  interval 
between  the  posterior  inferior  angles  of  the  jmrietal  and  the  mastoid  portion  of 
the  temporaL 

Borders. — The  Hupcnor  border  extends  on  each  side  from  the  superior  to  the 
lateral  angle,  is  deeply  serrated  for  articulation  with  the  parietal  bone,  and  forms, 
by  this  union*  the  lambdoid  suture-  The  inferior  border  extends  from  the  lateral 
to  the  inferior  angle;  its  upper  half  is  rough,  and  articulates  with  the  nnistoid  por- 
of  the  temporal,  forming  the  masto-occipital  suture ;  the  inferior  half  articu- 
with  the  petrous  portion  of  the  temporal,  forming  the  |jetro-occi])ital  suture; 
these  two  portions  are  separated  from  one  another  by  the  jugular  process*  In 
front  of  this  process  is  a  deep  notch,  which,  with  a  similar  one  on  the  petrous  por- 
tion of  the  temporal,  forms  the  ffiramrn  hwentm  jmHterius  or  Jmpilar  foj*amen» 
This  notch  is  occasionally  subdivided  into  two  parts  by  a  small  process  of  bone, 
and  it  generally  presents  an  aperture  at  its  upper  part,  the  internal  opening  of 
the  posterior  condyloi<l  foramen. 

Stmctnre. — The  occipital  bone  consists  of  fwo  comfmct  laminae,  called  the 
outer  and  inner  tahles,  having  between  them  the  diploic  tissue ;  this  bone  is  espe- 
cially thick  at  the  ridges,  protuberances,  condyles,  and  internal  part  of  the  basilar 
process  :  whilst  at  the  bottom  of  the  fossiie,  esjiecially  the  inferior,  it  is  thin,  semi- 
transpi'irt^nt,  and  destitute  of  diploe. 

Development.  (Fig.  132). — At  hirth  the  bone  consists  of  fonr  distinct  parts:  a 
tahtilar  or  expanded  portion,  which  lies  behind  the  foramen  magnum  ;  two  con- 
tljtihtr  parts,  which  form  the  sides  of  the  foramen  ;  and  a  basilar  part,  which  lies  in 
front  of  the  foramen.  The  number 
of  nuclei  for  the  tabular  part  vary. 
As  a  rule,  there  are  four,  but  there 
ij  be  only  one  (Blandin)  or  as 
iniaiiy  as  eight  (Meckel).  They  a[)- 
jiear  about  the  eighth  week  of  fretal 
life,  and  soon  unite  to  form  a  single 
piece,  which  is,  however,  fissured  in 
the  «lirection  indicated  in  the  jdate. 
The  basilar  and  two  comlyloid  por- 
tions are  each  developed  from  a 
single  nucleus,  which  appears  a  lit- 
tle later.  The  upper  portion  of  the 
tabular  surface — ^that  is  to  say,  the 
portion  above  the  transverse  fissure 
is  developed  from  membrane;   the  rest  of  the  bone  is  developed  from  cartilage, 
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At  about  the  fourth  year  the  tabular  and  the  two  conilyloid  pieees  join,  and  about 
the  sixth  year  the  bone  consists  of  a  single  piece.  At  a  later  period,  betiieen  the 
eighteeutli  imA  twenty-fifth  yearB,  the  oecipital  and  sphenoid  beeoine  united,  fonn- 
ing  a  siii^k'  bone. 

Articulations. — ^With  six  bones:  two  parietal,  two  temporal,  sphenoid,  and 
atlas, 

Attacliment  of  Muscles. — ^To  twelve  pairs ;  to  the  superior  curved  line  are 
attached  the  Uecipho-frontalis,  Trapezius,  and  Sterno-cleido-mastoid.  To  the 
space  between  the  curved  lines,  the  Coinplexus/  Sj)lenius  capitis,  and  Obliquus 
capitis  superior;  to  the  inferior  curved  line,  and  the  s])ace  between  it  and  the 
foramen  mac^nunit  the  Rectus  capitis  jiostieus,  major  and  minor;  to  the  transverse 
process,  the  Rectus  capitis  lateralis  ;  and  to  the  basilar  process,  the  Rectus  capitia 
anticue,  major  and  minor,  and  Superior  constrictor  of  the  pharynx. 

The  Parietal  Bones. 

The  Parietal  Bones  (panes^  a  wall)  form,  by  their  union,  the  sides  and  roof  of 
the  skulL  Eacli  bone  is  of  an  irregular  quadrilateral  form,  aud  presents  for 
examination  two  sorfeces,   four  borders,  and  four  angles. 

Surfaces.— =T he  erternal  gnrfai'*'  (¥]'7^  lZ*i)  is  convex,  smooth,  and  marked  about 
it^  centre  by  an  eminence  called  the  iHirietal  emhwnve,  which   indicates  the  pf»int 
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Fig.  1.33.— Left  padeul  l>one*    Exlern&l  eurfiice. 

where  ossification  commenced.  Crossing  the  middle  of  the  bone  in  an  arched 
direction  are  two  well-marked  curved  lines  or  ridges,  of  which  the  lower  is  the 
more  distinct  and  is  termed  the  tt-Mponti  nJfp';  it  marks  the  upper  attachment  of 
the  temporal  muscle  and  follows  a  semicircular  course  across  tlie  bone.  The  upper 
ridge  is  less  marked,  and  pui-sues  a  similar  course  across  the  bone,  but  about  two- 

*To  these  the  Bivenler  cervicb  should  t>e  atldc«l»  if  it  h  regarded  as  a  separate  nniscle. 


fifths  of  an  inch  above  the  temporal  ridge  ;  it  marks  the  attachment  of  the  temporal 
fiiscia.  Above  these  ridges  the  surface  <if  the  bone  is  rough  and  porous,  and 
covered  bv  the  aponeurosis  of  the  Occi pi to-frf>n talis ;  between  them  the  bune  is 
smoother  and  more  polished  than  the  rest;  below  them  the  hone  forms  part  of 
the  temporal  fossa,  and  affords  attachment  to  the  temporal  muscle.  At  the  back 
part  of  the  superior  border^  close  to  the  sagittal  suture,  is  a  small  foramen,  the 
parutal  foranun^  which  transmits  a  vein  to  the  superior  longitudinal  sinu^.  and 
flometimei^  a  small  braiicli  f>f  tbe  occipital  artery.  Its  existence  is  not  constant, 
and  h»  size  varies  considerably. 

The  internal  stuface  (Fig.  134),  concave,  presents  eminence^j  and  depressions 
for  lodging  the  convolutions  of  the  cerebrum  and  numerous  furrows  for  the  rami- 
fications of  the  meningeal  arteries;  the  latter  run  upward  and  backward  from  the 
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anterior  inferior  angle  and  from  the  central  and  posterior  part  of  the  lower  border 
of  the  bone.  Along  the  upper  margin  is  part  of  a  shallow  groove,  which,  when 
joined  to  the  opposite  parietal,  forms  a  channel  for  the  superior  loogitodinal 
ainus»  the  elevated  edges  of  wliich  afford  attachment  to  the  falx  cerebri.  Nejir 
the  groove  are  seen  several  depressions,  especially  in  the  skulls  of  old  persons ; 
they  lodge  the  Pacchionian  bodies.  Tlie  internal  opening  of  the  parietal  foramen 
is  also  seen  when  that  aperture  exists. 

Borders. — The  unpfrior,  the  longest  and  thickest,  is  dentated  to  articulate  with 
its  feUow  of  the  opp*"tsite  side,  forming  the  sagittal  suture.  The  hiftrt'or  is  divided 
into  three  parts  r  of  these,  the  anterior  is  thin  and  pointed,  bevelled  at  the  expense 
of  the  outer  surface,  and  overlapjtcd  l>y  the  tip  of  the  great  wing  of  tljc  sphenoid; 
the  middle  portion  is  arched,  bevelled  at  the  ex])ense  of  the  outer  surface,  and 
overlapped  by  the  squamous  portion  of  the  temporal ;  the  posterior  portion  is  thick 
and  serrated  for  articulation  with  the  mastoid  portion  of  the  temporal.  The 
miterior  border,  deeply  serrated,  is  bevelled  at  the  ex]>ense  ♦d*  the  outer  surface 
above  and  of  the  inner  below  ;  it  articulates  with  the  fnuital  Ijorje.  forming  the 


1 


170 


THE  SKELETON. 


coronal  niitnre.  The  posterior  border,  deeply  denticulated,  articulates  with  the 
pci [vital,  fnrmiog  the  lambdoid  suture. 

Angles. — The  anterhr  sfipenor  angle,  thin  and  pointed,  corresponds  with  that 
portion  iif  the  skyll  which  in  the  fetus  iw  menibranons  iind  is  called  the  anterif^r 
fontatielk\  The  anterior  inferior  augle  is  thin  and  lengthened,  beintr  received  in 
the  interval  between  the  great  wing  of  the  sphenoid  and  the  frontiil.  Its  inner 
surface  is  marked  bv  a  deep  groove,  sometimes  a  canaU  for  the  anterior  branch  of 
the  middle  meningeal  artery.  The  posterior  superior  angle  corresponds  with  the 
junction  of  the  sagittal  and  lamhdoid  sutures.  In  the  ftjetus  this  part  of  the  skull 
is  membnuious.  and  is  called  the  posterior  fontiineUe.  The  posterior  inferior  ajigle 
articulates  with  the  mastoid  portion  of  the  temporal  bone,  and  generally  presents 
on  its  inner  surfiice  a  broad,  shallow  groove  for  lodging  part  nf  the  lateral  sinus* 

Development. — The  parietal  bone  is  formed  in  membrane,  being  develo|)eil  by 
ojie  centre,  which  corresponds  with  the  parietal  eminence,  and  makes  its  first 
appearance  about  the  seventh  or  eighth  week  of  fetal  life.  Ussitication  gradually 
extends  from  the  centre  to  the  circumference  nf  the  hone:  the  angles  are  conse- 
quently the  parts  last  formed,  and  it  is  in  their  situation  that  the  fontanelles  exist 
previous  to  the  completion  of  the  growth  of  the  bone. 

Articiilatioiis. — With  five  bones :  the  opposite  parietal,  the  occipital,  frontal, 
te m ]M» ni  1 ,  anil  s p 1 1 e n o i d . 

AttachmeEt  of  Muscles,— (hie  only,  the  Temporal. 

The  Frontal  Bone. 

The  Frontal  Bone  (frous,  the  forehead)  resembles  a  cockle-shell  in  form,  and 
consists  of  two  portions — a  vertical  or  frontal  portion  situated  at  the  anterior  part 
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of  the  cranium,  forming  the  forehead ;  and  a  horizontn^.  or  orhito-namil  portion 
which  enters  into  tlie  formation  of  the  rouf  of  the  orbits  ami  nasal  fossne. 
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yertical  Portion. — External  Surface  (Fig.  185). — In  tbe  median  line,  traversing 
bone  from  tlie  upper  to  the  lower  part,  is  occasionally  seen  ii  slightly-elevatell 
^e,  and  in  voting  subjects  a  suture,  wbich  represents  the  line  of  union  of  the  two 
lateral  hah'ei*  of  which  the  bone  consists  at  an  early  period  of  life ;  in  the  adult 
this  suture  is  usually  obliterated  and  the  bone  forms  one  piece  ;  traces  of  tbe 
obliterated  suture  are,  however,  generally  perceptible  at  the  lower  part.  On  either 
side  of  this  ridge,  a  little  belitw  the  centre  of  the  bone,  is  a  rounded  eminence,  the 
ftvtittd  t*tnint'nc*\  These  eniineiices  vary  in  size  in  different  individuals,  and  are 
occasionally  unsymnietrical  in  tbe  sanjc  subject.  They  are  csjieciHlly  prominent 
in  eases  of  well-markeii  cerebral  deveb>pnient,  The  whole  surface  of  the  bone 
above  this  part  is  smooth,  and  covered  by  the  aponeurosis  of  the  Hcci pi to-fron talis 
nmsele.  Below  the  frontal  eminence,  and  separated  fnmi  it  by  a  slight  groove,  is 
the  supereiliarii  rithje,  broad  internally,  where  it  is  continuous  with  the  nasal 
eminence,  but  less  distinct  as  it  arches  outward.  These  ridges  are  caused  by  the 
projection  outward  of  the  frontal  sinuses,^  and  give  attachment  to  tbe  Orbicidaris 
palpebrarum  and  Corrugator  supercilii.  Between  the  two  superciliary  ridges  is  a 
smooth  surface,  the  glubeUa  or  naHal  eminence.  Beneath  the  suj»erciliary  ridge 
is  the  supraorbital  areh^  a  curved  and  prominent  margin,  which  forms  the  upper 
boundary  of  the  orbit,  and  separates  the  vertical  from  the  brjrizontal  portion  ^>f  the 
bone.  The  outer  part  of  tbe  arch  is  sharp  and  prouiinent,  affording  to  the  eye,  in 
that  situation,  considerable  firoteetiou  fnun  injury;  tlic  inner  |irtrt  is  less  promi- 
nent. At  the  junction  of  the  internal  ami  middle  tbiiil  of  this  arch  is  a  notch, 
sometimes  converted  into  foramen  by  a  b«my  process,  and  called  tbe  mpraorbital 
notch  or  foramen*  It  transmits  the  supraorbital  artery,  vein,  and  nerve.  A  small 
aperture  is  seen  in  the  upper  part  of  the  notch,  which  transmits  a  vein  from  the 
diploe  to  join  the  supraorbital  vein.  The  supraorbital  arch  terminates  externally 
in  the  external  anguhtr  profu-ss  and  internally  in  the  internal  avgular  proccm. 
The  external  angular  process  is  strong,  prominent,  and  articulates  with  tbe  malar 
bone;  running  upward  and  backward  from  it  are  two  well-marked  lines,  which, 
commencing  together  from  the  external  angular  process,  soon  diverge  from  each 
other  and  run  in  a  curved  direction  across  the  bone.  The  lower  one,  the  temporal 
ridt/i\  gives  attachment  to  the  Temporal  muscle,  tbe  upper  one  to  the  temporal 
fascia.  Beneath  them  is  a  slight  concavity  that  forms  the  anterior  part  of  the 
temporal  fossa  and  gives  origin  to  the  Temporal  muscle.  Tbe  internal  angular 
proceaseis  are  less  marked  than  ihe  external,  and  articulate  with  the  lachrymal 
bones.  Between  the  internal  angular  processes  is  a  rough,  uneven  interval,  tbe 
na^al  notck^  which  articulates  in  the  middle  line  with  the  nasal  bone,  and  on  either 
side  with  the  nasal  process  of  the  superior  maxillary  bone.  From  the  concavity 
of  this  notch  projects  a  [u-ocess,  the  nasal  process,  which  extends  beneatb  the  nasal 
bones  an<l  nasal  }irocesses  of  the  suf»erior  maxillary  bones  and  supports  the  britlge  of 
the  nose.  On  the  under  surface  of  this  is  a  long  pointed  process,  the  mi9(tl  gpimu  and 
on  either  side  a  small  grooved  surface  enters  into  tbe  formation  of  the  roof  of  the 
nasal  fossa.  The  nasal  spine  forms  j>art  of  the  septum  of  the  nose,  articulating  in 
front  with  the  nasal  bunes  and  behind  with  the  perpendicular  plate  of  the  ethmoid. 
Internal  Surfiace  (Fig.  l-iil). — Along  the  middle  litie  is  a  verticjil  groove,  the 
edges  of  which  unite  below  to  form  a  ridge,  the  frontal  ereat ;  the  groove  lodges 
the  superior  longitudinal  sinus,  whilst  its  margins  afford  attachment  to  the  falx 
cerebri.  The  crest  terminates  below  at  a  small  notch  wbicb  is  cimvertcd  into  a 
fonimen  by  articidation  with  ihe  ethmoid.  It  is  called  tbe  foramen  co'cum^  and 
varies  in  size  in  different  subjects:  it  is  somt'times  partially  or  comjdetely 
impervious,  lodges  a  process  of  the  falx  cerebri,  and  when  open  transmits  a  vein 

'  Some  eonfosion  i§  oecftstcmed  to  student**  commcrKnng  tht*  aindy  of  anatiitny  by  the  nnme 
"smuees"  having  l)een  sfiven  to  two  perfi&etly  diflbrenl  kimls  of  apiicea  conm^eted  with  the  skull. 
It  mmy  be  as  well,  llierffore,  to  f-Uiiv  \wTt%  ut  the  outst'tj  tlmt  ihi*  "sinuses"  in  the  int*»rt"jr  nf  ihe 
cmtiium  whieh  prmhice  the  tfnxjvejs  on  tlie  iriTier  stirface  of  tlie  brme-j  are  vetioys  L'hanuels  aloriff 
which  the  blocxl  ruiL*  in  iti*  |>a.ssai;e  Uiu'k  fmm  the  l>rain,  while  the  'Vsiniwes"  external  to  the  craniiu 
ciivitv  it  he  frontAJ,  sjiheiioidal,  ethmoidal,  and  maxillary)  arc  hollow  spaciia  tn  the  Ijoiiest  themselves 
whicii  comtnitnicate  with  tlie  oustnlA,  and  cont&in  air. 
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from  the  lining  membrane  of  the  nose  to  the  superior  longitudinal  sinus.  On 
either  side  of  the  groove  the  bone  is  deeply  coneave,  presenting  eminences  and 
de[>ressions  for  the  convolutions  of  the  hraio*  and  numerous  small  furrows  for 
lodging  the  ramifications  of  the  anterior  meningeul  arteries.  Several  small, 
irregular  fossie  are  also  seen  on  either  side  of  the  groove,  for  the  reception  of  the 
P  a  c  c  b  i  o  n  i  a  n  b  o  d  i  es . 

HomoEtal  Portion. — Estetmd  Surf  ace, — This  portion  of  the  bone  consists  of 
two  thin  pliircs,  which  foim  the  vault  of  the  orbit,  separated  from  one  another  by 
the  etlimoitlal  notch.  Each  «»rbital  vault  consists  of  a  smooth,  concave,  triangular 
plate  of  bone,  marked  at  its  anterior  and  external  part  (immediately  beneath  the 
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external  angular  process)  by  a  shallow  depression,  the  Im-hninutl  fonga^  for  lodging 
the  lacbrymal  gland;  and  at  its  anterior  and  internal  part  by  a  depression  (some- 
times a  small  tubercle)  for  the  attaclinient  nf  tLe  cartihiginous  pulley  <»f  the 
Superior  obli([ue  itMi.^cle  of  the  eye.  The  ethmoidal  roUcb  separates  tlie  two  orbital 
plates;  it  is  tjtiadrilatcrab  and  filled  up,  when  the  bones  are  united,  bv  the 
cribriform  plate  of  the  ethuif>i(L  The  margins  af  this  notch  |irescnt  several  half- 
cells,  which,  when  united  with  corresponding  half-cells  on  the  upper  surface  of  the 
ethmoid,  complete  the  ethmoidal  cells ;  two  grooves  are  also  seen  crossing  these 
edges  transversely  :  they  are  converted  into  canals  by  a  rli  cubit  ion  with  the  ethmoid, 
and  are  called  the  *int4>rlor  and  ptf^trn'or  cfhrntif'tinf  cjiiuds:  they  f»pen  on  the  inner 
wall  of  the  ot*bit.  The  anterior  one  transmits  the  luisiil  nerve  and  anterior 
ethmoitbil  vessels,  the  posteriru'  one  the  posterior  ethmtudal  vessels.  In  fiont  of 
the  ethmoidal  notch,  on  either  side  of  the  nasal  spine,  are  the  openings  of  the 
frontal  sinuses.  These  are  two  irregular  cavities,  which  extend  irpward  and 
outwai*d,  a  variable  distance,  between  the  two  tables  of  the  skull,  and  are 
separated  from   one  another  by   a    thin,  bony  septum.     They  give    rise  to  the 


I 
I 


I 


I 


I 


I 


prominence  above  the  supraorbital  arches  called  the  superciliary  ridges.  In  the 
cbild  they  are  generally  absent,  and  they  becorne  gradually  developed  us  a^j^e 
advances*  These  cavities  vary  m  .size  in  different  persons,  are  larger  in  men  than 
in  women,  and  are  frerpiently  of  yneijual  size  on  the  two  sides,  the  right  being 
commonly  the  larger.  They  are  subdivided  by  a  bony  lamina,  which  is  often  dis- 
placed to  one  side.  They  are  lined  by  mucous  mem  bra  no,  and  communicate  with 
the  nose  by  the  infundibulum,  and  occasi<mally  with  each  other  by  apertures  in 
their  septum. 

The  internal  surface  of  the  horizontal  portion  jirescnts  the  convex  upper 
surfaces  of  the  orbital  |)Iutes,  sepanited  from  each  other  in  the  middle  line  by  the 
eihraoidal  notch,  and  !uarked  by  eminences  and  depressions  for  the  convolutions  of 
the  frontal  lubes  of  the  brain. 

Borders. — The  border  of  the  vertical  portion  is  thick,  strongly  serrated,  bevelled 
at  the  expense  of  the  internal  table  above,  where  it  rests  upon  the  parietal  bones, 
and  at  the  expense  of  the  external  table  at  each  side,  where  it  receives  the  lateral 
pressure  of  those  bones;  this  border  is  continued  beluw  into  a  triangular  rough 
surface  which  articulates  with  the  great  wing  of  the  sphenoid.  The  border  of  the 
horizontal  portion  is  thin,  serrated,  and  articulates  with  the  lesser  wing  of  the 
sphenoid. 

Structnre.^— The  vertical  portion  and  external  angular  processes  are  very  thicks 
consisting  of  diploic  tissue  contained  between  two  compact  laminae.  The  hori- 
zc»ntal  portion  is  thin,  translucent,  and  composed  entirely  of  compact  tissue  ;  hence 
the  facility  with  which  instruments  can  penetrate  the  cranium  through  this  part  of 
the  orbit. 

Development  (Fig- 137).— The  frontal  bone  is  formed  in  membrane,  being  devel- 
ojied  by  two  centres,  one  tVir  each  lateral  half,  which  make  their  appearance  about 
the  seventh  or  eighth  week,  above  the  orbital  aixhes.  From  this  point  (ossification 
extends  J  n  a  radiating  manner,  upward  into  the  forehead  and  backward  over  the 
orbit.  At  birth  the  boni»  consists  of  two  pieces,  which  afterward  become  united, 
along  the  middle  line,  by  a  suture  which  runs  from  the  vertex  to  the  root  of  the 
nose.  This  suture  usually  becomes  obliterated  within  a  few  years  after  birth  ;  but 
it  occ^onally  remains  throughout  life,  Occasional ly  secondary  centres  of  ossifica- 
tion appear  for  the  nasal  Hpiue^-nme  on  either  side  at  the  internal  angular  process 
where  it  articulates  with  the  lachrymal 
bone;  and  sometimes  there  ts  one  on 
either  side  at  the  lower  end  of  the  coronal 
autnre.  This  latter  centre  sometimes 
remains  ununited,  and  is  known  as  the 
pterion  ossicle,  or  it  may  join  with  the 
parietal,  s[(ht*n'iid,  t>r  temporal  bnne. 

Articulations. — With  twelve  bones: 
two  parietal,  the  sphenoid,  the  ethmoid, 
two  nasah  two  superior  maxillary,  two 
lachrymal,  and  two  malar. 

Attaclmient  of  Muscles. — To  three 
li rs  ;  t b e  V i » r ni ga t o r  s u pe r c i li i ,  i) r b i c \ x - 
laris  palpebrarum,  and  Temporal,  on 
each    side. 
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The  Temporal  Bones. 

The  Temporal  Bones  (temjnis,  time)  are  situated  at  the  sides  and  base  of  the 
skolb  and  pre.^ent  for  exam  in  at  ion  a  st/utrmous^  niasfoifl,  and  pet  r  if  us  portion. 

The  Bqnamons  portion  [squama,  a  scale),  the  anterior  and  upper  part  of  the 
bone,  is  scale-like  in  form,  and  thin  and  translucent  in  texture  (Fig,  138).  Its  outer 
8Krffi<'c  is  smooth,  convex,  and  grooved  at  its  back  part  f<jr  the  deep  temporal 
arteries;  it  affords  attaclitni'nt  to  tht'  Tcmpoial  mtiscle  and  forms  part  f>f  the 
temporal  fossa.     At  its  back  part  may  be  st-cn  a  curved  ridge — part  of  the  temporal 
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FtQ.  138v— LeA  temporal  bcme.    Oater  rarfbce. 

portions  of  the  bone.  Projecting  from  the  lower  part  of  the  squaraotis  portion  is  a 
long,  arched  process  of  b«>«e,  the  zfftjoitin  or  zygomatic  [jrcicess.  This  process  is 
at  first  directed  outward,  its  two  surfaces  lf>oking  upward  and  downward;  it  then 
appears  its  if  twisted  upon  itself,  and  rtins  forwiird,  its  surfaces  now  looking  in- 
ward and  outward.  The  superior  border  of  the  process  is  long,  tbin,  and  sharp, 
and  serves  f*ir  tire  attacliment  uf  the  teiriiyoral  fascia.  The  inferior,  sliort,  thick, 
and  arched,  has  attached  to  it  some  fibres  of  the  Masseter  muscle.  Its  outer  surface 
is  convex  and  subcutaneous  ;  its  innt!r  is  concave,  and  also  aftVinls  attachment  to  the 
Masseter.  The  cxtrcmitv,  broad  and  «lccj)ly  serrated,  articulates  with  the  malar 
bone.  The  zygomatic  process  is  connected  tr)  the  temporal  bime  by  three  divisions, 
called  its  ront^i — an  anterior,  midttle,  and  posterior.  The  anterior,  which  is  short, 
but  broad  and  strong,  is  directed  inward,  ro  teiininate  in  a  rounded  eminence,  the 
emlnriitla  artt'nhfrh.  This  eminence  furnis  the  frctnt  boundary  of  the  glenoid 
fossa,  nnd  in  the  recent  state  is  covered  with  cartilage.  The  middle  root  {post- 
giemnd  pron'Si*)  forms  the  posterior  boundary  of  the  ttfftfhiffniJtfr  portion  of  the 
glenoid  fossa ;  while  the  posterior  root,  which  is  strongly  marked,  runs  from  the, 
upper  border  of  the  zygoma,  in  an  arcbed  direction,  upward  and  baekwarfl,  form* 
ing  the  posterior  part  of  the  temporal  ridge  (Hnirraffutitfoftf  ennt).  At  the  junctioal 
of  the  anterior  root  with  the  zygoma  is  a  projection,  called  the  fuhf'f'eh\  for  the' 
attachment  of  the  external  lateral  ligament  of  the  lowt^r  jaw  :  and  between  tbe  ante- 
rior and  middle  roots  is  an  oval  flepression,  forming  part  (mandibular)  of  the  glenoid 
fossa  (vA/yi/3j,  a  socket),  for  the  reception  of  the  condyle  of  the  lower  jaw.  This  f<>ssa| 
is  hounded,  in  front,  by  the  eminentia  articularis  ;  behind,  by  tbe  tympanic  plate  and 
the  auditory  process;  and  is  divide"!  into  two  parts  by  a  narrow  slit,  the  irhisenan 
fimtuj^e.  The  anterior  or  mandibular  piirt,  formed  by  the  sijuamous  portion  of  the 
bone,  is  smooth,  covered  in  the  recent  state  with  cartilage,  and  articulates  with  the 
condyle  of  t!ie  lower  jaw.  This  part  of  tbe  glenoid  fossa  is  separated  from  the  audi- 
tory process  by  iht^  ifost-(jl*'ttoid  proci'Sis,  the  representative  of  a  prominent  tubercle 
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which,  in  some  of  the  mammalia,  descernis  bebind  the  condyle  of  the  jaw.  and 
prevents  it  being  dLsphicfcl  backward  dnring  mastication  (Hum|ihrv).  The  |toste- 
riar  part  of  the  glenoid  fossa,  which  lodges  a  portion  of  the  jiarotid  gland,  is 
formed  chiefly  by  the  ff/fvpa?uc  plate,  a  lamina  of  bone,  which  forms  the  anterior 
wall  of  the  tympannm  and  external  andit«>ry  meatus-  This  ]>hite  of  bone  termi- 
nates externally  in  the  auditory  process,  above  in  the  Glaserian  fissure,  and  below 
fnrms  a  sharp  edge,  ihe  vtjfjitffjl  j>rocess,  wlikdi  gives  origin  to  some  of  the  fibres  of 
the  Tensor  palati  muscle.  The  (ilaserian  fissrne,  wbicb  leads  into  the  tympanum, 
lodges  the  processus  gracilis  of  the  malleus,  and  transmits  the  tympanic  branch  of 
the  internal  maxillary  artery.  The  chorda  tympani  nerve  passes  through  a  sepa- 
rate canah  parallel  to  the  Glaserian  fissure  (<'aHah(tIIui/uier),  on  the  outer  side  of 
the  Eustachian  ti die,  in  the  retiring  angle  between  the  squamous  and  petrous  por- 
tions of  the  tem[Hoal  h>»ne.' 

The  mtemal  surface  of  the  stjuamous  portion  (Fig,  139)  is  concave,  presents 
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Fig .  130.  — I^ft  tempoml  bone.   Inner  surfepe. 


numerous  eminences  and  depressions  for  the  convolutions  of  the  cerebrum,  and 
IWM  well-marked  gnM>ves  for  the  branches^   of  the  middle  meningeal  artery* 

Borders,— The  superior  border  is  fliin,  bevelled  at  the  expense  of  the  internal 
{^Brface,  so  as  to  trverlap  the  lower  bi^-der  of  (be  parietal  hone,  forming  ibe  sijuam- 
"ons  suture.  The  anterior  inferior  border  is  thick,  serrated,  and  bevelled,  alter- 
nately at  the  expense  of  the  inner  and  outer  surfaces,  for  articulation  with  the 
|reat  winir  of  the  sphenoid. 

The  Mastoid  Portion  (tia^rroz,  a  nipple  or  teat)  is  situated  at  the  posterior  part  of 
"the  bone;  its  outer  surface  is  rough,  and  gives  altachment  to  the  Oceipito-fnmtalis 
and  Retrahens  aurem  muscles.  It  is  ]>erfnrated  by  numerous  foramina :  one  of 
these,  of  large  size,  situated  at  the  posterior  border  of  the  bone,  is  termed  the 
mantoid  foramt'ji;  it  tran«*mits  a  vein  to  the  lateral  sinus  and  a  small  artery  from 
the  occipital    to  supply  the  dura  mater.     The  position  and  size  of  this  foramen 

*  Tbb  small  fi»«ure  niiitit  not  bt?  mnf(>iiinle<l  with  the  large  catml  whirh  lie^  at>ove  the  Eu>tncbi&n 
tobe  and  iraniimitsi  the  Tensor  tvm[>fitii  muscle. 
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are  very  variable.  It  is  not  alwavw  present;  sometimes  it  is  situated  in  the 
occipital  bone  or  in  the  suture  between  the  temporal  and  the  occipital*  The 
mastoid  portion  is  continued  below  into  a  conical  pnyection,  the  nw»toid  proee^t^ 
the  size  and  f<jrm  of  which  varv  somewhat.  Tbis  process  serves  for  the  attachment 
of  the  Sternu-mastoid,  Splenius  cjipitis,  and  Tnicbtlo-ma^toid  muscles.  On  the 
inner  side  of  the  mastoid  |0'<»cess  is  a  deep  groove,  the  diijastrk  fmm^  for  the 
attachment  of  the  Digastric  muscle ;  and,  running  parallel  with  it,  but  more  in- 
ternal the  (M-ipital  groove^  which  h>dges  the  occipital  artery.  The  internal  surface 
of  the  mastoid  portion  presents  a  deep,  curved  groove,  the  fomft  sigmokiea,  which 
lodges  juirt  rtf  the  lateral  sinus;  and  into  it  may  be  seen  opening  the  mastoid  fora- 
men. A  secti<ui  of  the  mastoid  process  shows  it  to  be  huUowed  out  into  a  number 
of  cellular  spaces,  commuiucating  with  each  other,  called  the  tifn»tin*l  cflh :  thev 
open  by  a  single  or  double  orifice  into  the  back  of  the  tympanum,  are  lined  bv  a 
prolongation  of  its  lining  membrane,  and  probably  form  some  secondary  part  of 
the  organ  of  hearing.  The  spaces  at  the  upper  and  front  part  of  the  bone  near 
the  opening  into  the  tympanum  are  lai-ge  and  irreguhir,  and  contain  air.  Thev 
diminish  in  size  toward  the  lower  part  of  the  bone,  tbiise  situated  at  the  apex  c»f 
the  mastoid  process  being  quite  small  and  usually  containing  marrow  (Fig.  140), 
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FiO.  140.— Section  through  the  petrous  nnd  TOAatold  portionB  of  the  temiximl  boiie,  ahowrlng  the  comiDUtil- 
catloti  oT  thi"  cavUy  or  the  tympanum  with  the-  mastoid  tells. 

The  mastoid  cells,  like  the  other  sinuses  of  the  cranium,  are  not  developed 
until  after  puberty;  hence  the  prominence  of  this  process  in  the  adult. 

In  coDser(uence  of  the  coramuniratinn  which  exists  between  the  tympanum  and  mastoid 
celJs,  inflanuaation  of  the  liuiiii.'  meuihraac  of  tin?  fbraier  cavity  amy  easily  trdvel  backwartl  to 
that  of  th«^  mastoid  cella,  leadini!  to  varies  anil  nem^tsis  of  their  walls  and  the  risk  of  tnuisfer* 
anve  of  ihe  tuHaiamation  lo  the  lateml  sinus  or  i'ri('ei)haloa> 

Borders,— The  superior  border  t>f  the  mastoid  portion  is  hroaJ  and  rongh,  its 
serrated  edge  shaping  outward,  for  articulaliim  with  the  pt)sterior  inferior  angle  of 
the  parietal  bone.  The  posterior  border,  also  uneven  and  serrated,  articidatea 
with  the  inferior  border  of  the  occipital  bone  between  its  lateral  angle  and  jugular 
process. 

The  Petrous  Portion  {Trirffoz,  a  stone),  so  nanieil  from  its  extreme  density  and 
hardness,  is  a  pyramidal  process  of  bone  wedged  in  at  the  base  of  the  skull 
between  the  sphenoid  and  occipital  bones*     Its  direction  from  without  is  inward. 
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forward,  and  a  little  downward.  It  presents  for  examination  a  base,  an  apex, 
three  surfaces,  and  three  borders,  and  contains,  in  its  interior,  the  essential  parts 
of  the  organ  of  hearing.  The  /taae  is  applied  against  the  internal  surface  of  the 
squamous  and  mastoid  portions,  its  upper  half  being  concealed:  but  its  lower 
half  is  exposed  by  the  divergence  of  those  two  portions  of  the  bone,  which  brings 
into  view  the  oval  expanded  orifice  of  a  canal  leading  into  the  tym|mnura,  the 
meatus  audU<friu9  erteniu».  This  canal  is  situated  in  front  of  the  mastoid  pro- 
cess, and  between  the  posterior  and  middle  roots  of  the  zvgoma;  its  upper  mar- 
gin is  smooth  and  rounded,  but  the  greater  part  of  its  circumference  is  surrounded 
by  a  curved  plate  of  bone,  the  riuditori/  prtjcesff.  the  free  margin  of  which  is  thick 
and  rough,  for  the  attachment  of  the  cartilage  of  the  external  ear. 

The  apex  of  the  petrous  portion,  rough  and  uneven,  is  received  into  the 
angular  interval  between  the  posterior  border  of  the  greater  wing  of  the  sphenoid 
and  the  basilar  process  of  the  occipital ;  it  presents  the  anterior  or  internal  orifice 
of  the  carotid  c^inal,  and  forms  the  posterior  and  external  boundary  of  the  foramen 
lacerum  mediinn. 

The  anterior  surface  of  the  petrous  portion  (Fig.  139)  forms  the  posterior  part 
of  the  middle  fossa  of  the  skull.  This  surface  is  continuous  with  the  stjuamous 
portion,  to  which  it  is  united  by  a  suture,  the  temporal  or  petro-squmnous  suture^ 
the  remains  of  which  are  distinct  even  at  a  late  period  of  life;  it  presents  six 
points  for  examination :  1,  an  eminence  near  the  centre,  which  indicates  the  sit- 
uation of  the  superior  semicircular  canal;  2,  on  the  outer  side  of  this  eminence 
a  depression  indicating  the  position  <4  the  tympanum  :  here  the  layer  of  bone 
which  separates  the  tympanum  frcun  the  cranial  cavity  is  extremely  thin,  and  is 
known  as  the  teamen  fffmpani;  3,  a  shallow  groove,  sometimes  double,  lejiding 
outward  and  backward  to  an  oblique  opening,  the  hiatus  FaUopii,  for  the  pai^sage 
of  the  petrosal  branch  of  the  Vidian  nerve  aud  the  petrosal  branch  of  the  middle 
meningeal  artery;  4,  a  smaller  opening,  occasionally  seen  external  to  the  latter, 
for  the  passage  of  the  smaller  petrosal  nerve ;  5,  near  ihc  apex  of  the  bone,  the 
termination  of  the  carotid  canal,  tie  wall  of  which  in  this  situation  is  deficient  in 
front ;  6,  above  this  canal  a  shallow  depression  ior  the  reception  of  the  Gasserian 
ganglion. 

The  posterior  surface  forms  the  front  part  of  the  posterior  fossa  of  the  skull, 
and  is  continu<His  with  the  inner  surface  of  the  mastoid  portion  of  the  bone. 
It  presents  three  points  for  examination:  1,  About  its  centre,  a  large  orifice,  the 
msatuB  auditoriuH  uitcrnus,  whose  size  varies  considerably ;  its  margins  are  smooth 
and  rounded,  and  it  leads  into  a  short  canal,  about  four  lines  in  length,  which 
nins  directly  outward  and  is  closed  by  a  vertical  plate,  the  lamina  erthroHa, 
which  is  divided  by  a  horizontal  crest,  the  crista  faleiformis,  into  two  uue*|ual 
portions:  the  lower  ]»resenting  three  foramina  or  sets  of  foramina;  one.  just 
below  the  posterior  part  of  the  crest,  consisting  of  a  number  of  small  openings  for 
the  nerves  to  the  saccule;  a  second,  below  and  posterior  to  this,  for  the  nerve  to 
the  posterior  semicircular  canal ;  ami  a  third,  in  front  and  below  the  first,  con- 
sisting of  a  number  of  small  openings  which  terminate  in  the  canalis  centralis 
cochleae  and  transmit  the  nerve  to  the  cochlea;  the  upper  portion,  that  above  the 
crista,  presents  behind  a  series  of  small  openings  for  the  passage  of  filaments  to 
the  vestibule  and  superior  and  external  semicircular  canal,  and,  in  front,  one 
large  opening,  the  commencement  of  the  aipiceductus  Falhipii,  for  tiu^  passage  of 
the  facial  nerve.  2,  Behind  the  meatus  auditf»nus,  a  small  slit,  almost  hidden  by 
a  thin  plate  of  bone,  leading  to  a  canal,  the  aqufsdurtus  veHtibull.  which  transmits 
a  small  artery  and  vein  and  lodges  a  process  of  the  dura  mater.  3.  In  the  inter- 
val  between  these  two  openings,  but  above  tlietn,  an  angular  depression  which 
lodges  a  process  of  the  dura  mater,  and  tran&iuiits  a  snmll  vein  into  the  cancellous 
tissue  of  the  bone. 

The  inferior  or  basilar  surface  (Fig.  141)  is  rough  and  irregular,  and  forms  part 
of  the  base  of  theskidl.  Passing  from  the  apex  to  the  base,  this  surface  presents 
eleven  points  for  examination :  1,  a  rough  surface,  c|uadrilatei*al  in  form,  which 
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serves  partly  for  the  attachraeiit  of  the  Levator  palati  and  Tensor  rympam 
muscles ;  2,  the  large,  circular  aperture  of  the  carotid  caiiah  which  ascends  at 
first  vertically,  and  then,  making  a  hetid,  runs  horizontally  forward  and  iiiward; 
it  transmits  the  internal  carotid  artery  and  the  carotid  plexus:  3,  the  afjiuFductus 
coehh'fp,  a  smjilh  trianijular  oi)ening,  lying  on  the  inner  side  of  the  latter,  cloee  to 
the  jjosterior  horder  rif  tlie  petrous  portion:  it  transmits  a  vein  fmm  the  cocblea 
whicli  joins  the  internal  jugular ;  4,  bebind  these  openings  a  deef*  depression,  the 
Ji(t/Hhir  foasa,  which  varies  in  depth  and  size  in  different  skulls  ;  it  lodges  the 
lateral  sinus,  and,  with  a  similar  depression  on  the  margin  of  the  jugular  process 
of  the  occipital  bone,  forms  tbe  foramen  lacerum  posterius  or  jugular  foramen; 
5.  a  small  foramen  for  tbe  passage  of  Jacobson's  nerve  (the  tympanic  branch  «>f 
the  glosso-pharyngeal) :  this  foramen  is  seen  in  front  of  the  bony  ridge  dividing 
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the  carotid  canal  trom  the  jugular  fossa;  6,  a  small  foramen  on  the  outer  wall  of 
the  jugular  fossa,  for  tbe  entrance  of  the  auricuhir  brancb  i»f  tbe  pneumogastric 
(Arnold's)  nerve;  7,  behind  the  jugular  fossa  a  smooth,  srjuare-shaped  facet,  tbe 
jugular  mrface ;  it  is  covered  with' cartilage  in  the  recent  state,  and  articulates 
with  the  jugular  process  of  the  occipital  hone;  8,  the  vaqmai  proeesH,  a  very 
broa<l,  sheath-like  plate  of  bime,  which  extends  backward  from  the  carotid  canal 
and  gives  attachment  to  part  of  tbe  Tensor  palati  muscle:  this  plate  divides 
behind  into  two  laminie,  the  outer  of  which  is  continuous  with  the  auditory  pro- 
cess, the  inner  with  the  jugular  process :  between  these  laminte  is  the  ninth" point 
for  examination,  the  ifff/ioi*i  pronstt^  a  long,  sharp  spine,  about  an  inch  in  length; 
it  is  directed  downward,  forward,  and  inward,  varies  in  size  and  sha|»e,  and  some- 
times consists  of  several  pieces,  united  by  cartilage;  it  aflords  attachment  to  three 
muscles,  tbe  8tylo*j»baryngeus,  Styhnhyoideus,  and  Stybvglossiis,  and  two  liga- 
ments, tbe  stylo-by<iid  and  stylo-maxillary  ;  10,  the  Hfj/lf^-mtinhnti  foramen,  a  rather 
large  orifice,  placed  I>etween  the  styloid  and  mastoid  processes  :   it  is  the  termina- 
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iioQ  of  the  aquseductus  Fallopii,  and  traiiBmits  tbe  facial  nerve  and  stylo-maatoid 
mrierj ;  11,  tne  aurieular  fissure^  situated  between  the  atiditorv  and  mastoid  pro* 
ce5*^es.  for  the  exit  of  the  auricular  branch  of  the  pneumogastric  nerve. 

Borders. — The  stipertor,  the  huigest,  h  vrrooved  for  the  superior  petrosal  sinus, 
atiii  hjis  attached  to  it  the  tentorium  eerebcni ;  at  its  iiuier  extremity  is  a  semilunar 
notch,  upon  which  the  fifth  nerve  lien.  The  posterior  border  is  intermediate  in 
length  between  the  sti[»eri<ir  and  the  anterior*  Its  inner  half  is  marked  by  a  groove, 
which,  when  completed  by  its  articulation  with  the  occijiittih  forms  the  channel 
for  the  inferior  petrosal  sinus.  Its  outer  half  presents  a  deep  excavation — the 
jugular  fogm — which,  with  a  similar  noioh  on  the  occipital,  forms  the  foramen 
lacerum  posterius.  A  ]»ntjee!ifitr  eiuinenee  of  lume  oceasiooally  stands  out  from 
the  centre  of  the  notch,  and  divides  the  foramen  into  two  parts.  The  fiuterior 
border  i»  divided  into  two  parts — an  outer  joined  to  the  squamous  portion  by  a 
suture*  the  remains  of  which  are  distinct ;  an  intier,  free^  articulating  with  the 
spinous  process  of  the  sphenoid.  At  the  angle  of  junction  uf  the  petrous  and 
squamous  portions  are  seen  two  canals,  separated  fr€*m  one  another  by  a  thin  plate 
of  bone»  the  processus  eochh'/informis ;  they  both  lend  into  the  tympanum,  the 
upper  one  transmitting  the  Tensor  t™pani  muscle,  the  hrwer  one  the  Eustachian 
tube. 

Structure. — The  squamous  portion  is  like  that  of  the  other  cranial  bones;  the 
?toid  fvortion.  cellular;  and  the  petrous  portion,  dense  and  hard* 
Development  (Fig*  14:2). — The  temporal  bone  is  developed  by  ten  centres, 
exclusive  of  those  ff>r  the  internal  ear  and  the  ossicula— viz.  one  for  the  squamous 
portion  including  the  zygoma,  one  for  the  tymjjanic  ^date,  six  for  the  petrous  and 
mastoid  parts,  and  two  for  the  styloid  process.  Just  before  the  close  of  foetal  life 
the  temporal  hone  consists  of  four  parts:  1.  The  sqU(Tmo'Zifi/omatft\  which  is  ossi- 
fies! in  membrane  from  a  single  nucleus,  which  appears  at  its  lower  part  about  the 
second  month.  2.  The  tympanit*  ploti\  an  imperfect  ring,  which  encloses  the  tym- 
panic membrane.  This  is  also  ossified  from  a  single  centre,  which  appears  rather 
later  than  that  for  the  st|yamous  portion.  8.  T\\% petra-masUdd^  which  is  developed 
from  six  centres,  which  appear  ahoot  the  fifth  or  sixth  month.  Four  of  these  are 
for  the  petrous  portion,  and  are  placed  around  the  labyrinth,  and  two  for  the  mas- 
toid ( Vrolik).  According  to  Huxley,  the  centres  are  more  numerous,  and  are  dis- 
posed so  as  to  form  three  portions :  (1)  including  most  of  the  labyrinth,  with  a  part 
of  the  petrous  and  mastoid,  he  has 
named  prootie ;  (2)  the  rest  of  the 
f>etroua,  the  opisthotic ;  and  (3)  the 
remainder  of  the  mastoid,  the  epiotic. 
The  petro-mjistoid  is  ossified  in  carti- 
4.  The  atffhi'd  process  is  also 
ified  in  cartilage  from  two  centres: 
one  for  the  base,  which  ajtpears  beftn-e 
birth,  and  is  termefl  the  tympano-hipil ; 
the  other,  comprising  the  rest  of  the 
process,  is  named  the  stj/lo-ht/al,  and 
doe«  not  appear  until  Jiftcr  birth. 
Shortly  before  birth  the  tympanic 
plate  joins  with  the  squamous.  The 
petrous  and  mastoid  join  with  the 
squamous  during  the  til's t  year,  and 
the  tymi)ano*hyal  portion  of  the  sty- 
loid process  about  the  same  time.  The 
stvlohval  dt»es  not  join  the  rest  of  the 
bone  until  after  puberty,  and  in  some 
skulls  never  becomes  tiniled.  The 
subsequent  changes  in  this  bone  are, 
that  the  tympanic  plate  extends  outward,  so  as  to  form   the  meatus  auditorius; 
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I  he  glenoid  ff>ssa  becomes  deeper :  and  the  mastoid  part,  which  at  an  early  period 
of  life  is  ♦|uite  flat,  enhirges  from  the  devekiiiment  of  the  ceJlylar  cavities  in  its 
interior. 

Articulations. — With  five  hones — occipital,  parietal,  sphenoid,  inferior  maxil- 
lary, and  niahir, 

Attaohment  of  Muscles, — Tr>  fifteen:  to  the  8t|uamous  portion,  the  Temporal; 
to  the  zygoma,  the  Ma.sseter;  to  the  ina8toid  jiortion,  the  Oecipito-frontalis,  Sterno 
mastoid,  iSplenius  capitis,  Traehelo-ma^toid,  Digastricus.  and  Retj-ahens  aurem  : 
to  the  styloid  process,  the  Stylo-pharyngeris,  Styhi-hvoideus.  and  Stylo-glossu^ ; 
and  to  the  petrous  portion,  the  Levator  palati.  Tensor  tynn>ani.  Tensor  palati.  and 
Stapedius. 

The  Sphenoid  Bone. 

The  Sphenoid  BoEe  {ai}^qi^,  a  wedge)  is  situated  at  the  anterior  part  of  the  base 
of  the  akidl,  urtictdating  with  all  the  other  cranial  bones,  which  it  binds  firmly  and 
solidly  togerher.  In  its  form  itstmiewhat  resembles  a  bat  with  its  wings  extended; 
and  is  <livided  into  a  central  portion  or  body,  two  greater  and  two  lesser  wings 
extemiing  outward  on  eaeh  side  of  the  btidy,  anil  two  jirocesses— the  pterygoid 
processes — ^wbich  |>rojeet  from  it  behnv. 

The  body  is  of  large  size,  cuboid  in  form,  and  hollowed  out  in  its  interior  so 
as  to  form  a  mere  shell  of  bone.  It  presents  for  examination  four  surfaces — a 
su  fieri  or,  an  inferior,  an  anterior,  and  a  posterior, 

The  Superior  Surface  (Fig  146). — In  front  is  seen  a  prominent  spine,  the 
ethmoidal  9pine,  for  articulation  with  the  cribriform  ))late  of  the  ethmoid;  behind 
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this  a  smooth  surface  presenting,  in  the  median  line,  a  slight  longitudinal  eminence* 
with  a  depression  on  each  side  for  lodging  the  olfactory  tracts.  This  surface  is 
bounded  behind  by  a  ridge,  which  forms  the  anterior  border  of  a  narrow,  tmns- 
verse  groovx\  the  optic  groove  ;  it  lodges  the  optic  commissure,  and  terminates  on 
either  side  in  the  optic  furamcn,  for  the  passage  nf  the  optic  nerve  and  ojiU- 
thalmic  artery.  Behind  the  optic  groove  is  a  small  emiui'uee,  olive-like  in  shape, 
the  olivary  process ;  and  still  more  posteriorly,  a  deep  depression,  the  pit uiturj/ 
fosm,  or  Heiia  turcica^  which  lodges  the  pituitary  body.  This  fossa  is  perforated 
by  ntnnerous  foramina,  for  the  transmission  of  nutrient  vessels  into  the  substance 
of  the  hone.  It  is  hounded  in  fixmt  by  two  small  eminences,  one  on  either  side, 
called  the  fuiddle  cUnoid  proccmen  (jf/fVjy,  a  bed),  which  are  siunetimes  connected 
by  a  spiculnm  of  bone  to  the  anterior  clinoid  pi^oeesses.  and  hfhind  by  a  square- 
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shitped  plate  of  bone,  the  dorsum  ephipini  or  dorsum  sella?^  terminating  at  each 
superior  angle  in  a  tubercle,  the  /Hmterior  elinoid  proceufscs,  the  size  himI  form  of 
which  vary  considerably  in  different  indivHlnab,  These  pruce^isew  deejien  the 
pituitary  fo.^sii,  and  ^erve  for  the  attachment  of  prohmgations  from  the  tentorium 
eerebelli*  The  sides  of  the  dorsum  ephipjiii  are  notched  for  the  passage  nf  the 
sixth  pair  of  nerves,  and  below  present  a  sharp  process,  the  petrosal  proeais^  which 
is  joined  to  the  apex  of  f  be  petrous  portion  of  the  temporal  bone,  forming  the  inner 
bcmndary  of  thf  middle  laceniied  fonimen.  Bt-hind  tlii.s  plate  the  bone  presents 
a  shallow  depre-snion,  which  slopes  nhliqueiy  backward,  and  is  continuous  with  the 
basilar  groove  of  the  occipital  btme ;  it  i^  called  the  dt'vu8^  and  supports  tht?  upper 
part  of  the  pons  Varolii,  On  either  side  of  the  body  is  a  broad  groove,  curved 
&f>niethjng  like  the  italic  letter  /;  it  lodges  the  internal  carotid  artery  and  the 
cavernous  sinus,  and  is  called  the  earotul  or  cavernoua  groove.  Along  the  outer 
margin  of  thi^  groove,  at  its  |>osteri(jr  fuirt,  ig  a  ridge  of  Ijouc  in  the  angle  betwt^en 
the  body  and  greater  wing,  called  the  Uiujula,     The  posterior  surface,  tjuadri lateral 
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ill  form,  is  joined  to  the  ha^^ilar  process  of  the  oeci[>ital  bone.  During  childhood 
these  bones  are  sejmrated  by  a  layer  of  cartilage;  but  in  after-life  (bet ween  the 
eighteenth  and  twenty-fifth  years)  this  becomes  tissified,  ossification  eommeneing 
above  and  extending  tlowoward ;  and  tlie  two  bones  then  form  one  piece.  The 
anterior  surface  (Fig.  144)  presents,  in  the  middle  line,  a  vertical  ridge  of  bime,  the 
ethmoidtjl  creMt.  which  articulates  in  front  with  the  perpendicular  plate  of  the 
ethmoid,  forming  part  of  the  septum  of  the  nose.  On  cither  side  of  it  are  irregular 
openings  leading  into  the  aphenokhjl  eelh  or  mnimen.  These  are  twit  large  irregubtr 
cavities  hollowed  out  of  the  interior  of  the  body  of  the  sjihenoid  bone,  and  separated 
fnira  one  another  by  a  more  or  less  cnuijdete  pcrpendieiiL-ir  biiny  septtmi.  Their 
form  and  size  vary  considerably;  they  are  seldom  symmetrieah  and  are  often 
[mrtially  subdivided  by  irregular  osseous  laminae  Occasionally,  they  extend  into 
the  basilar  process  of  the  occipital  nc-arly  as  far  as  the  foramen  magnum.  The 
septum  is  seldom  quite  vertjcal,  being  eomrnonly  bent  to  tine  or  the  other  i:<ide» 
These  sinuses  <b»  not  exist  in  childi^en,  liut  they  increase  in  size  as  age  advances. 
They  are  partially  closed,  in  front  and  behiw,  by  two  tliin»  curved  plates  of  bone, 
the  sphenoidal  htrhhiated  b*oies,  leaving  a  round  opening  at  their  upper  parts,  by 
which  they  communicate  with  the  upper  and  back  part  of  the  nose,  and  occasionally 

*  la  tills  (igiire,  both  ihe  anierior  and  inferior  surfucts  of  the  body  of  the  spheooid  bone  are 
•hoim,  the  hone  being  held  with  ihe  [iterygoid  proce^eics  aluui^  horizontal. 
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with  the  posterior  ethmoidal  cells  or  siouses.  The  lateral  margins  of  this  surface 
present  a  nerrnted  edge,  which  articulates  with  the  os  planum  of  the  ethmoid, 
completing  the  posterior  ethmoidal  cells ;  the  lower  margin,  also  rough  and 
serrated,  articulates  with  the  orbital  process  of  the  palate  hone,  and  the  upper 
margin  with  the  orbital  jdate  of  the  frontal  bone.  The  mferior  stirface  presents, 
in  the  middle  line,  a  triimgidar  sj^ine,  the  nwtrum,  which  is  continuous  with  the 
ethmoidal  crest  (ui  the  anterior  surface,  and  is  received  into  a  deep  fissure  between 
the  abe  of  the  vomer.  On  each  side  may  be  seen  a  projecting  lamina  of  bone, 
which  nms  horizontally  inward  from  near  the  base  of  the  pterygoid  process : 
these  plates,  termed  the  vagiiml  procemcs^^  articulate  w  ith  the  edges  of  the  vomer. 
Close  to  the  root  of  the  pterygoid  process  is  a  groove,  formed  into  a  coiajdete  canal 
when  articulated  with  the  sphenoidal  process  of  the  jjnlate  btme;  it  is  called  the 
pte/y go-palatine  canals  and  transmits  the  ptery go-palatine  vessels  and  pharyngeal 
nerve. 

The  Greater  Wmifs  are  two  strong  processes  of  bone  which  arise  from  the 
sides  of  the  body,  and  are  curved  in  a  direction  upward,  outward,  and  backward, 
being  prolonged  behind  into  a  sharp-pointed  extremity,  the  spinous  process  of  the 
sphenoid.  Eacli  wing  presents  three  surfaces  a tul  a  circumference.  The  superior 
or  crrchrnl  surface  (Fig.  143)  forms  part  of  the  middle  tVfssa  of  the  skull ;  it  is 
deeply  concave,  and  presents  eminences  and  depressions  for  the  con%'olutions  of  the 
brain.  At  its  anterior  and  internal  part  is  seen  a  circular  aperture,  the  foramen 
rotiuuhtm^  fi>r  the  transmission  of  the  second  division  of  the  fifth  nerve.  Behind 
and  external  to  this  is  a  large  oval  foramen,  the  tWamen  oraie,  for  the  trans- 
mission of  the  third  division  of  the  fifth  nerve,  the  small  meningeal  artery,  and 
sometimes  the  small  petrosal  uerve.^  At  the  inner  side  f>f  the  foramen  ovale  a 
small  aperture  may  occasionally  be  seen  opposite  the  root  of  the  pterygoid  [jrocess; 
it  IS  the  foranu'H  Ft^«<i/tV,  transmitting  a  small  vein.  Lastly,  in  the  posterior  angle, 
ne^ir  to  the  spine  of  the  sphenoiil,  is  a  sliort  canul.  sometimes  donble,  the  foramen 
spinrtsum  :  it  transmits  the  middle  meningeal  artery.  The  extei'jial  surface 
(Fig,  144)  is  convex,  and  divided  by  a  transverse  ridge,  the  pferi/ipad  rtdqe,^  into 
two  portions.  The  superior  or  larger,  convex  from  above  downward,  concave 
from  before  backward,  enters  into  the  formation  of  the  temporal  fossa,  and  gives 
attachment  to  part  of  the  Temporal  muscle.  The  inferior  portion,  smaller  in  size 
and  concave,  enters  into  the  formation  of  the  zygomatic  fossa,  and  affords  attach- 
ment to  the  External  pterygoid  muscle.  It  presents,  at  its  posterior  part,  a 
sharp-pointed  eminence  of  bone,  the  spinons  proresH,  in  which  are  connected  the 
internal  lateral  ligament  of  the  lower  jaw  and  the  Tensor  palati  muscle,  Tlie 
pterygoid  ridge,  dividing  the  temporal  and  zygomatic  portions,  gives  attachment  to 
part  of  the  External  pterygoid  muscle.  At  its  inner  and  anterior  extremity  is  a 
triangular  spine  of  bone  which  serves  to  increase  the  extent  of  origin  of  this 
muscle.  The  anterior  or  orbital  surface,  smooth  and  qnadrilateral  in  form,  assists 
in  forming  the  outer  wall  of  the  orbit.  It  is  bounded  above  by  a  serrated  edge, 
for  articulation  with  the  frontal  bone ;  below^  by  a  rounded  border  which  enters 
into  the  formation  of  the  spheno-maxillary  fissure.  InternullVs  it  presents  a  sharp 
border,  which  forms  the  lower  boundary  of  the  sphenoidal  li:^sure,  and  has  pro- 
jecting from  about  its  centre  a  tittle  tubercle  of  bnne,  which  gives  origin  to  one 
head  of  the  External  rectus  muscle  of  the  eye:  and  at  its  upper  part  is  a  notch 
for  the  transmission  of  a  branch  of  the  lachrymal  artery ;  externally  it  prese^nts  a 
serrated  margin  for  articulation  with  the  malar  bone.  One  or  two  small  foramina 
may  occasionany  he  seen  for  the  passage  of  branches  of  the  deep  temporal 
arteries ;  they  are  called  the  external  orlntal  foramina,  Cireumferen^e  of  the 
great  iving  (Fig,  143):  commencing  from  behind,  from  the  body  of  the  sphenoid 
to  the  spine,  the  outer  half  of  this  margin  is  serrated,  for  articulation  with  the 
petrous  portion  of  the  temporal  bone,  whilst  the  inner  half  forms  the  anterior 

'  The  sraall  petrosal  nerve  someumee  passes  through  a  special  fbrameti  b*?lwet!ii  the  foraineo 
ovale  anil  fc>r;)ni€n  spinoHum. 

'Sometimes  called  uifraiemporal  arttL 
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boundary  of  the  foramen  laceniiii  medium,  and  presents  the  posterior  aperture  of 

the  Vidian  canal  for  the  passage  of  the  Vidian  nerve  *and  artery.     In  front  of  the 

spine  the  circumference  of  the  great  wing  presents  a  serrated  edge,  bevelled  at 

^h^  expense  of  the  inner  table  below  and  of  the  external  above,  which  articulates 

^ith  the  squamous  portion  of  the  temjioral  bone.     At  the  tip  of  the  great  wing  a 

•'H angular  portion  is  seen,  bevelled  at  the  exj^ense  of  the  internal  surface,  for 

^i^iealtttitm  with  the  anterior  inferior  angle  of  the  parietal  bone.     Internal  to  this 

**  abroad,  serrated  surface,  for  articulation  with  the  frontal  bone:   this  surface  is 

P*^Brinttou8  internally  with  the  sharp  inner  edge  of  the  orbital  plate,  which  assists 

*^  the  formation  of  the  sphenoidal  fissure,  and  externally  with  the  serrated  margin 

^Of  articulation  with  the  malar  bone. 

The  Lesser  Wings  {processes  of  fnifrassias)  are  two  thin,  triangular  plates  of 
^m  which  arise  from  the  upper  and  lateral  part«  of  the  body  of  the  sphenoid, 
^d,  projecting  transversely  outward,  terminate  in  a  sharp  point  (Fig.  148 J.  The 
Superior  surface  of  each  is  smooth,  llat»  broader  internttlly  than  externally,  and 
supports  part  of  the  frontal  lobe  of  the  bruin*  The  inferior  surface  forms  the 
bjMik  part  of  the  roof  of  the  orbit  and  the  upper  bounrlary  of  the  sphenoidal  lissure 
or  foramen  lacerum  antcrius.  This  fissure  is  of  a  triangular  foriu.  and  leads  from 
the  cavity  of  the  cranium  into  the  orbit ;  it  is  bounded  internally  by  the  body  of 
the  sphenoid — above,  by  the  lesser  wing;  below,  by  the  internal  margin  of  the 
orbital  surface  of  the  great  wing— and  is  converted  into  a  foramen  by  the  articu- 
lation of  this  bone  with  the  frontah  It  transmits  the  third,  the  fourth,  the  three 
branches  of  the  ophthalmic  division  of  the  fifth,  the  sixth  nerve,  some  filaments 
from  the  cavernous  plexus  of  the  sympathetic,  the  orbital  branch  of  the  middle 
memngeal  artery,  a  recurrent  branch  from  the  lachrymal  artery  to  the  dura 
mater*  and  the  ophthalmic  vein.  The  anterior  border  of  the  lesser  wing  is  ser- 
rated for  articulation  with  the  frontal  bone ;  the  posterior,  smooth  and  rounded,  is 
received  into  the  fissure  of  Sylvius  of  the  brain.  The  inner  extremity  nf  this 
border  forms  the  anterior  clinoid  process*  The  lesser  wing  is  connected  to  the 
side  of  the  body  by  two  roots,  the  upper  thin  and  fiat,  the  lower  thicker,  obliquely 
directed,  and  presenting  on  its  outer  side,  near  its  junction  with  the  body,  a  small 
tubercle,  for  the  attachment  of  the  common  tendon  of  three  of  the  muscles  of  the 
eje.  Between  the  two  roots  is  the  optic  foramen,  for  the  transmission  of  the  optic 
nerve  and  ophthalmic  artery. 

The  Pterygoid  Processes  {itrifm^,  a  wing;  uoo::,  likeness),  one  on  each  side, 
descend  perpendicularly  from  the  point  where  the  body  and  greater  wing  unite 
(Fig.  145).  Each  process  consists  of  an  external  and  an  internal  plate,  separated 
behind  by  an  intervening 
notch — the  pten/f/oid  tossa  ; 
hut  joined  partially  in  front. 
The  erienml  pterffgoid  phite 
is  broad  an<l  thin,  turned  a 
little  outward,  and  fr»rms 
part  of  the  inner  wall  of  the 
lygomatic  fossa.  It  gives 
attachment,  bv  its  outer  sur- 
face, to  the  External  ptery- 
ndf  its  inner  surface  forms 
of  the  pterygoid  fossa, 

gives  attachment  to  the 
Internal  pterygoid.     The  ///- 

il  pteri/t/otd  plate  is  much 
■rower  i4nd  hunger,  curving 
outward,  at  its  extremity, 
into  a  hook-like  process  of  bone,  the  hafuuhir  process^  around  which  turns  the 
tendon  of  the  Tensor  palati  muscle.  On  the  posterior  surface  of  the  base  of  this 
plate   is  a  small,  oval,  shallow  depression    the  scaphoid  fossa,  from   which  arises 


Fio.  I4.'i,— Sphenoid  bone.    Posterior  aurfB«e. 
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the  Tensor  palati,  and  above  whicli  is  seen  the  posterior  orifice  of  the  Vidian 
canal.  Below  and  to  the  inner  side  of  the  Vidian  canal,  on  the  jiosterior  surface 
of  the  base  of  this  plate,  is  a  little  prominence,  which  is  known  by  the  name  of 
the  ptert/fffrid  tulwrch^  The  outer  surface  of  this  plate  forms  |mrt  of  the  pterygoid 
fos>sa^  the  inner  surface  foi^ming  the  outer  boiindaiT  «if  the  pojsterior  aperture  of 
the  nares.  The  Superior  constrictor  of  the  pharynx  is  attaehed  to  its  posterior 
edge.  The  two  pterygoid  plates  are  separated  below  by  an  angular  interval,  in 
which  the  pterygoid  process,  or  tuberosity,  of  the  palate  bone  is  received.  The 
anterior  suiiace  of  the  pterygoid  process  is  very  broad  at  its  base,  and  forms  the 
posterior  wall  of  the  sphcno-maxilhiry  fossa.  It  airpports  Meckers  ganglion.  It 
presents,  above,  the  anterior  orifice  of  the  Vidian  canal;  and  below,  a  rongh 
margin,   which  articulates  with   the  perpendicular  plate  of  the  palate  bone. 

The  Sphenoidal  Spongy  Bones  are  two  thin,  curved  plates  of  bones,  which  exist 
as  separate  pieces  until  poberty,  and  occa.sionally  are  not  joined  to  the  sphenoid 
in  the  adult.  They  are  situated  at  the  anterior  and  inferior  part  of  the  body  of 
the  sphenoid,  an  aperture  of  variable  size  lieing  left  in  their  anterior  wall,  through 
which  the  sphenoidal  sinuses  open  into  the  nasal  fossj^e.  They  are  irregular  in 
form  and  taper  to  a  point  behind,  being  broader  and  thinner  in  front.  Their 
upper  surface,  which  looks  toward  the  cavity  of  the  sinus,  is  concave;  their  under 
surface  convex.  Each  bone  articnlates  in  front  with  the  ethmoid,  externally  with 
the  palate;  its  pointed  posterior  extremity  is  placed  above  the  vomer,  and  is 
received  between  the  root  of  the  pterygoid  process  on  the  outer  side  and  the 
rostrum  of  the  sphenoid  on  the  inner,* 

Bevelopment. — Up  to  about  the  eighth  month  of  foetal  life  the  sphenoid  bone 
consists  of  tw^o  distinct  parts :  posterior  or  post'Spfituoid  part,  w hich  comprises 
the  pituitary  fossa,  the  greater  wings,  and  the  pterygoid  processes;  and  an 
anterior  or  pre-sphtmoid  part,  to  which  the  anterior  part  of  the  bcjdv  and  lesser 
wings  belong.  It  is  developed  by  fourteen  centres:  eight  for  the  posterior 
sphenoid  division,  and  six  for  the  anteri<>r  sphenoid.  The  eight  centres  for  the 
posterior  sphenoid  are — one  for  each  greater  wing  and  external   pterygoid  plate, 

one  fir  each  internal  pterygoid  [date,  two 
for  the  posterior  part  of  the  body,  and  one 
on  each  side  for  the  lingiila.  The  six  for 
the  anterior  sphenoid  are  one  for  each 
lesser  wing,  two  for  the  anterior  part  of 
the  body,  and  one  for  each  sphenoidal 
turbinated  bone, 

Post-sphatoid  X^ivhnm, — ^The  first 
nuclei  to  a]>pear  are  those  for  the  greater 
wings.  They  make  their  appearance 
between  the  foramen  rotund um  and  fora- 
men ovale  libout  the  eight li  week,  and 
from  them  the  external  pterygoid  plates 
are  also  formed.  Soon  after,  the  nuclei 
for  the  posterior  part  of  the  body  appear, 
one  on  either  side  of  the  sella  turcica,  and 
bcciune  blended  together  about  the  middle  af  fietnl  life.  About  the  fourth  month 
the  remaining  four  centres  appear,  those  for  the  internad  pterygoid  plates  being 
ossified  in  membrane  and  becoming  joinetl  to  the  external  |*terygoid  plate  about 
the  sixth  month.  The  centres  for  the  lingulie  speedily  become  joined  to  the  rest 
of  the  bone. 

Pre-Hphenoid  DmmoTh — The  first  nuclei  to  appear  are  those  for  the  lesser 
w  ings.  They  make  their  appearance  about  the  ninth  week,  at  the  outer  bordei-s 
of  the  optic  foramina.     A  second  pair  of  nuclei  appear  on  the  inner  side  of  the 

^  A  sniEill  pcntion  of  the  !<pheBoidal  turbmated  bone  isnmetimefi  eaters  into  the  formation  of  the 
inner  wall  oi  the  orbit,  Ijetween  tbe  os  pliiiiuin  of  t\w  f  tlunoid  in  front,  the  orbital  plate  of  the  palate 
helow,  and  tlie  frontal  nbove. — (Iflnnd,  i?/>i/.  »Sk*,  Trttm.^  1802. 


Zmarnvr*  td/tn<^    jHurt  of  hotl^ 

I 


Fkj.  140— PlHn  of  the  devi^lopmentof  aphenoid. 
By  fijurteen  eenirea. 
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Ibnuni&a  shortly  after,  and,  becomiEg  united,  fonm  the  front  part  of  the  bodv  of 
die  bone.  The  reinaininfr  two  centres  for  the  sphenoidal  turbinated  bones  do  n^it 
make  their  appearance  until  tlie  end  of  the  third  year. 

The  pre-sphenoid  is  united  to  the  body  of  the  post-s|)henoid  about  the  eighth 
nionth,  so  that  at  birth  the  bone  consists  of  three  pieces- — viz.  the  body  in  the 
centre,  and  on  each  side  the  great  wings  with  the  pterygoid  jirocesses.  The  lesser 
wings  become  joined  to  the  body  at  about  the  time  of  birth.  At  the  first  year 
after  birth  the  greater  wings  and  body  are  united.  From  the  tenth  to  the  twelfth 
year  the  spongy  bones  are  partially  united  to  the  sphenoid,  their  junction  bring 
oamplete  by  the  twentieth  year.  Lastly,  the  sphenoid  joins  the  occipital  from  ihe 
eighteenth  to  the  twenty-fifth  year. 

Articulations, — The  S|ihenoid  articulates  with  all  the  bones  of  the  cranium, 
and  five  of  the  face — the  two  malar,  two  palate,  and  vomer:  the  exact  extent  of 
artieulatinn  with  each  btme  is  shown  in  the  accompanying  figures.^ 

Attachment  of  Muacles.^To  eleven  pal ra  :  the  Temporal,  External  pterygoid, 
Internal  pterygoid,  Superior  constrictor,  Tensor  |ialati,  Levator  palpebral  Ob- 
liqttus  oculi  superior,  Superior  reetUpS»  Internal  rectus.  Inferior  rectus,  External 
rectus. 

The  Ethmoid  Bone, 

The  Ethmoid  (yfi^oz.  a  sieve)  is  an  exceedingly  light,  spongy  bone,  of  a  cubical 
form,  situated  at  the  anterior  part  of  the  base  of  the  cranium,  between  the  two 
orbit*,  at  the  root  of  the  nose,  and  contributing  to  form  each  of  these  cavities. 
It  consists  of  three  parts:  a  horizontal  plate,  which  fonus  part  of  the  base  of 
the  cranium  ;  a  perpendicular  |date,  which  forms  part  of  the  septum  nasi ;  and 
iwo  hiteral  masses  of  cells. 

The  Horizontal  or  Cribriform  Plate  (Fig.  147)  forms  part  of  the  anterior  fossa 
of  the  ba.'^e  of  the  skull,  and  is  received  into  the  ethmoid  notch  of  the  frontal 
bone  between  the  two  orbital 
plates.  Projecting  opwarfl 
frona  the  middle  line  of  this 
plate  is  a  thick,  smooth,  tri- 
angular process  of  bone,  the 
trufta  qaUL  so  calletl  from  its 
resemblance  to  a  cock's  comh. 
Its  ba^e  joins  the  cribriform 

{date,  It^^  posterior  border, 
ong,  thin, and  slightly  curved, 
series  for  the  attachment  of 
the  falx  cerebri.  Its  anterior 
border,  shoit  and  thick,  articu- 
lates with  the  frontfil  bone, 
and  presents  two  small  project- 
ing ala?,  which  are  received 
into  corresponding  depressions 
in  the  frontah  com[deting  the 
foramen  C4ecum  lichind-  Its 
sides  are  smooth  and  some- 
times bulging;  in  which  case  it  is  found  to  enclose  a  small  sinus.*  On  each  side 
of  the  crista  galli  the  cribriform  plate  is  narrow  and  ilceply  grooved,  to  support 
the  bulb  of  the  olfactory  tract,  and  ] perforated  by  foramina  for  the  passage  of  the 
olfactory  nerves.  These  foramina  are  arranged  in  three  rows:  the  inneimost, 
which  are  the  largest  and  least  numerous,  are  lost  in  grooves  on  the  upper  part 
of  the  8eptura  ;  the  foramina  of  the  outer  row  are  continued  on  to  the  surface  of 

*  It  also  f^otnetimes  jtrticnkites  wilh  the  lnWrasity  of  tlie  supt»rior  timxillu  (see  p.  190). 

*  Sir  George  Hiimphrv  stntess  that  the  t-rista  i^lH  in  c*iniraouly  inclintHl  to  one  side,  iiaiinlly  the 
oppCfedte  Ui  lliat  toward  whieli  the  lower  part  of  the  |>eriK'iidicuIar  pbite  k  bent. — {The  Human  itktk' 
km,  J»58,  p  277.) 


With  i^/erior  turbinaifd  jmit. 


Fig.  147,— Ethmoid  bone.    Outer  surflwe  of  right  luteral 
(enlarged). 
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the  upper  spongy  hone*  The  ftjramioa  of  the  middle  row  are  the  smallest;  they 
perforate  the  bone  and  transiDit  nerves  to  the  roof  of  the  nose.  At  the  front  part 
of  the  cribriform  plate,  on  each  side  of  the  crista  galli,  is  a  small  fissure,  which 
transmits  the  iuii?al  braneh  of  the  ophthalmie  nerve;  and  at  its  posterior  part  a 
a  triangular  notch,  which  receives  the  ethuK^idal  spine  of  the  sphenoid. 

The  Perpendicular  Plate  (Fig,  148)  is  a  thin,  flattened  luniclla  of  bone,  which 
descends  from  the  iintler  surface  uf  the  cribrifonu  phite,  mid  assists  in  forming 
the  septum  of  the  nose.  It  is  much  thinner  in  tlie  middle  than  at  the  circum- 
ference, and  is  generally  deflected  a  little  to  one  side-  Its  anterior  border  articu- 
lates with  the  nasal  spine  of  the  frontal  bone  and  crest  of  the  nasal  bones.  Its 
posterior  border,  divided  iirto  two  parts,  articulates  by  its  upper  half  with  the  eth- 
moidal crest  of  the  sphenoid,  by  its  lower  half  with  the  vomer.  The  inferior 
border  serves  for  the  attachment  of  the  triangular  cartilage  of  the  nose.  On  each 
side  of  the  perpendicular  plate  numerous  grooves  and  canals  are  seen,  leading  from 
foramina  on  the  cribriform  plate  ;  they  bnlge  filaments  of  the  olfactory  nerves. 

The  Lateral  Masses  of  the  ethmoid  consist  of  a  number  of  thin-walled  cellular 
cavities,  the  ethmoiihil  celh^  interposed  between  two  verticiil  plates  of  b^me,  the 
outer  one  of  which  forms  part  of  the  orbit,  and  the  inner  one  part  of  the  nasal  fossa 
of  the  corresponding  side.  In  the  disarticulated  bone  many  of  these  cells  appear 
to  be  broken  ;  but  when  the  bones  are  articulated  they  are  closed  in  at  every  pan. 
The  upper  surface  of  each  hitei*al  mass  presents  a  number  of  apparently  half- 
broken  cellular  spaces;  these  are  closed  in  when  articulated  by  the  edges  of  the 
ethmoidal  notch  of  the  frontal  bone.  Crossing  this  surface  are  two  grooves  on 
each  side,  converted  into  canals  by  articulation  with  the  frontal  ;  they  arc  the 
anterior  and  posterior  ethnoidal  foramina,  and  ojien  on  the  inner  wall  <jf  the 
orbit.     The  posterior  surface  also  presents  large,  irregular  cellular  cavities,  which 

are  closed  in  by  articula- 
tion with  the  sphenoidal 
turbinated  bones  and  orbi- 
tal  prc»cess  of  the  palate* 
The  cells  at  the  anterior 
surface  are  completed  by 
the  lachrymal  bone  and 
nasal  process  of  the  supe- 
rior maxillary,  and  those 
below  also  by  the  sujierior 
maxillary.  The  outer  sut- 
face  of  each  lateral  mass 
is  formed  of  a  thin,  smooth, 
Sfjuare  plate  of  bone,  called 
the  />»  pianum ;  it  forms 
]}art  of  the  inner  Avail  of 
the  orbit,  and  articulates, 
above,  with  the  orbital 
plate  of  the  frontal ;  below, 
with  the  superior  maxil- 
lary ;  in  front,  with  the  lachrymal ;  and  behind,  with  the  sphenoid  and  orbital 
process  of  the   fialate. 

From  the  inferior  part  of  each  lateral  mass,  immediately  beneath  the  os  planum, 
there  projects  downward  and  backward  an  irregular  lamina  of  bime,  called  the 
unciform  proce»8^  from  its  hook-like  form  :  it  serves  to  close  in  tlje  upjter  part  of 
the  orifice  of  the  antrum,  and  articulates  with  the  ethmoidal  process  of  the  inferior 
turbinated  bone.     It  is  often  broken  in  disarticidating  the  bones. 

The  inner  surface  of  each  lateral  ma.ss  forms  part  of  the  outer  wall  of  the  nasal 
fossa  of  the  corresponding  side.  It  is  formed  of  a  thin  lamella  of  bone,  which 
descends  from  the  under  surface  of  the  cribriform  |date,  and  terminates  below  in 
a  free,  convoluted  margin,  the  middle  Utrbinated  bone.     The  whole  of  this  sur 


^hmdd^l 


Fio.  148.— Perpend Icular  plate  of  ettimold    (enlarged),  shown  by 
remoTfog  Ibc  right  litteml  masa. 
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Fiti,    14(1.— Elh moid   bont*. 
lateral  masB  (enlarged!. 


Inner  (tarface    of  rijfht 


&ce  18  rough  and  marked  above  by  numerous  grooves,  which  rtm  nearly  verti- 
cally downward  from  the  cribriform 
plaie;  they  lodge  branches  of  the 
olfactory  nerve,  which  are  distributed 
on  the  mucous  membrane  covering  the 
bone.  The  back  part  m^  this  mirface 
is  iwihdivided  by  a  narrow  oMi(|ue 
fissure,  the  tmperior  meatus  of  the 
nose,  bounded  above  by  a  thin,  curved 
plate  of  bone,  the  superior  turbinated 
bone.  By  means  of  an  orifice  at  the 
upper  part  of  this  fissure  the  posterior 
ethmoidal  cells  open  into  the  nose. 
Below,  and  in  front  of  the  superior 
meatus,  is  seen  fhe  convex  surface  of 
the  middle  turbinated  bone.  It  extends 
along  the  whole  length  of  the  inner  surface  of  each  lateral  mass ;  its  lower  mar- 
gin is  free  and  thick,  and  its  concavity,  directed  outward,  assists  in  forming  the 
middle  meatus*  It  is  by  a  large  orifice  at  the  up]ier  and  front  jtart  of  the  middle 
meatus  that  the  anterior  ethmoiilal  cells,  and  througb  tliem  tlie  frontal  sinuses, 
communicate  with  the  nose  by  means  of  a  funnel-shaped  canal,  the  ififnndihuhim. 
The  cellular  cavities  of  each  lateral  mass^  thus  walle<l  in  by  the  oa  planum  on  the 
outer  side  and  by  the  other  bones  alrea<ly  mentioned,  are  divided  by  a  thin  trans- 
verse bony  partition  into  two  sets,  which  do  not  communicate  with  each  other; 
they  are  termed  the  anterior  and  pmterior  ethmmdal  c^^Jh  or  mtuses.  The  former, 
more  numenms.  communicate  with  the  frontal  sinuses  above  and  the  middle 
meatus  below  by  means  of  a  long,  tlexuous  canal,  the  ittfundibuhitn  ;  the  posterior, 
lesa  numerous,  open  into  the  superior  meatus,  and  communicate  (occasionally) 
with  the  sphenoidal  sinuses. 

Development.— By  tkrt^e  centres:  one  for  the  perpendicular  lamella,  and  one 
for  each  lateral  mass. 

The  lateral  masses  are  first  developed,  ossific  granules  making  their  appearance 
in  the  os  planum  between  the  fourth  and  fifth  months  of  fretal  life,  and  extending 
into  the  spongy  bones.  At  birth  the  bone  consists  of  the  two  lateral  masses, 
which  are  small  and  ill-developed.  During  the  first  year  after  birth  the  perpen- 
dicular and  horizontal  plates  begin  to  cmsify,  from  a  single  nucleus,  and  become 
joined  to  the  lateral  masses  about  the  beginning  of  the  second  year.  The  fiirma- 
tion  of  the  ethmoidal  cells,  which  completes  the  bone,  does  not  commence  until 
about  the  fourth  or  fifth  year. 

Articulations. — With  fifteen  bones ;  the  sphenoid,  two  sphenoidal  turbinated, 
the  frontal,  and  eleven  of  the  face~^the  two  nasal,  two  superior  maxillary^  two 
lachrymal,  two  palate,  two  inferior  turbinated,  and  the  vomer.  iNo  muscles  are 
attached  to  this  bone. 
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DEVELOPMENT  OF  THE  CRANIUM. 

The  early  staires  of  the  tlevelnpnient  of  the  cnunum  have  already  been  described  (see  \mire 
115).  We  have  seen  that  it  is  forraed  trom  a  layer  of  un'sohla^t,  derived  trivm  the  protovertebral 
pUtes  of  the  trunk,  which  is  spread  over  the  whok^  surfnce  of  the  rudiineritarv  brain.  That 
portion  of  this  layer  from  which  the  bones  of  the  skull  are  to  be  developed  consists  of  a  thm^ 
membranoiui  capsule, 

Offiification  eommencee  in  the  roofr  and  is  preceded  by  the  deposition  of  a  membranous 
blastema  upon  the  surfai^e  of  the  rcrebnil  capsole,  in  which  the  ossifyinir  process  extends,  the 
primitive  iiiembninous  capsule  l>ect*inin^  tlie  internal  pcrkisteuni,  and  b<nii>?  ultimately  blended 
with  the  dura  mater.  AUhoujtrh  the  htmes  of  thy  vertex  «d*  the  skull  appear  before  those  at  the 
biise^  and  make  considerable  process  in  their  ^^rowth,  at  birth  ossification  is  more  advanced  m 
the  base,  this  portion  of  the  skull  forming  a  soUd^  immovabte  groundwork. 
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*  The  Fontanelles. 

Befiire  birth  the  bones  at  the  vertex  iiritl  i)i<iu  uF  the  s^ktill  arc  separated  from  each  other  by 
membninoiis  intervals  in  which  bone  is  lielicieut.  The.^e  intervals  are  principallj  found  at  the 
four  angles  of  the  parietal  bones.     Hence  there  are  six  Ibntanolles.     Their  ibrmation  is  due  to 
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Flu.  151.— The  lateral  fontanellos. 


Fir*.  I'lO.— SkiiU  at  UilXx,  showing  the  anterior 
and  ixiaterior  ronUmelleB. 

t!ie  wave  of  oasifieatiou  being  eireulitr  and  the  bones  quadrilateral ;  the  ot^sifie  matter  first  mecti 
at  tlie  niaririns  of  the  bones,  at  the  points  nearest  to  their  centres  of  oyeitication,  and  vacuitiee 
or  8|uiee8  are  lefl  at  the  ani?Ies^  which  are  called /?>irf^(n<//f'A\  so  named  from  the  pulsations  of  the 
brtiin,  wliieb  are  perceptible  at  the  anterior  Ibntunelle,  and  werif  likened  to  the  rising  of  water 
in  a  fountain.  Tlie  anterior  fontanelle  in  the  larjL^est,  and  corresponds  to  the  junction  of  the 
SJiffiltal  and  coronal  sutui-es;  the  pi>sterior  fontatielle,  of  smaller  sijEe,  is  situated  at  the  jnnction 
of  the  wiifittid  Eind  lambdoid  sutures;  ihe  remaininju:  ones  are  sittiated  iit  the  inferior  angk^s  of 
each  parietal  bone.  The  latter  are  closed  soon  ai\er  birth  ;  tlie  two  at  the  twr*  supi-crior  an^^les 
remain  open  lousier:  the  iKisterior  Ixnnt;  clos^^-d  in  a  \\'y(  months  after  t>irth  ;  the  anterior  rcnialn- 
ini;  open  until  thr^  fii^t  or  secon<l  year  The^e  j^paces  are  gnidually  fiilcd  in  by  an  extensitjn  of 
the  ossityinii  process  or  by  the  development  of  a  Wonnian  bf>ne,  Somotiiues  the  anterior 
fontanelle  remains  open  beyond  two  years,  and  is  cx»easionaily  persistent  throujL^hout  life. 

Supernumerary  or  Wormian'  Bones. 
In  addition  to  the  constant  ceutres  td'  oasifieutii}n  of  the  skull,  ailditional  ones  are  occasion- 
ally foTuid  in  the  course  of  the  sutures*  These  form  iiTeL'ukir;  isolated  bones,  interposed  K*tween 
the  rniiiiid  Ihjiies,  and  have  i>een  leruied  Wttrmt*ui  f><mf'M  ur  (jsxa  tn\ptffrft.  They  are  moisl 
tmpicntly  tonml  in  the  course  of  ihe  landiduid  sutnrcT  but  ofTiisiipnally  also  m-i^ujiy  the  situation 
of  the  fontanelles,  especially  tlie  i>ostenor  and,  more  rarely,  the  ruiterinr.  Fretpiently  one  is 
found  between  the  anterior  inferior  aimle  of  the  parietal  iKUie  and  the  jirrt^iier  win^  of  the 
sphenoid,  the  pftrt^m  mxich  (Fi^.  131),  They  have  a  ^;reat  teiideney  to  Im?  symntetricid  on  the 
two  sides  of  the  skull,  and  they  vary  much  in  sisie,  l>eiTie  in  staue  i'ases  in  it  larger  than  a  pin's 
head,  and  con  lined  to  the  outer  table;  in  other  ea.ses  so  lar,ee  that  one  pair  of  these  bones  may 
tbrm  the  whole  of  the  occi|)it4d  bone  above  tlie  superior  curved  lines,  as  described  by  B6clard 
and  Ward,  Their  number  is  irenerally  hunted  to  twn  ur  thrte.  but  more  than  a  hundred  have 
Wn  found  in  the  skull  of  an  adult  hydroiM^phalic  skeleton.  In  their  development,  structuret 
and  mode  of  articulatiou  they  I'esemble  the  <Jther  eninial  bones. 

Congenital  Fisstires  and  Gaps. 
An  arrest  in  the  osslfvtng  process  may  lEfive  rise  to  deficiencies  or  irapa ;  or  to  fissures^  which 
are  of  importance  in  a  medico  lesial  point  of  view,  as  they  are  liable  to  be  mist;iken  for  fractures. 
The  tissures  ^^encnilly  extend  frcun  the  margins  toward  the  centre  of  tht*  Ixme*  but  the  leraps 
may  be  iViuiuI  in  the  middle  as  well  lus  at  the  edL'es.  In  course  of  time  they  may  become  covered 
with  a  thin  lamina  of  hme. 

BONES  OF  THE  FACE. 

The  Facial  Bones  are  fourteen  in  number— vix.  the 
Two  Nasal.  Two  Palate. 

Tw^o  Superior  ilnxillaiy.  Two  Inferior  Turbinated. 

Tw^o  Lachrvmal,  Vomer. 

Two  Malar.  Inferior  Maxillary* 


M 


'  Worraius,  a  physician  in  Copenhagen^  is  said  to  have  given  the  tirst  detailed  description  of 
these  bones. 
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**  Of  these,  the  upper  and  lower  jawg  are  the  fundamental  bones  for  mastication,* 
mid  the  others  are  accessories ;  for  the  chief  function  of  the  facial  bones  m  to 

Sovide  an  apparatus  for  mastication,  while  subsidiary  functions  are  to  provide  for 
ftjense-organs  (eye.  nose,  tongoe)  and  a  vestibule  to  the  res[)iratorv  and  vocal 
Qlgills.  Hence  the  variations  in  the  shape  of  the  face  in  man  and  the  lower 
tiiitDals  depend  chiefly  on  the  question  of  the  character  of  their  food  and  their  mode 
of  obtaining  it/'* 


I 

I 

_   the  p 
■  ands 

Pr? 


WUk  frontal  hone. 


I 


The  Nasal  Bone. 

The  Kasai  {nasu8^  the  nose)  are  two  small  oblong  bones,  varying  in  size  and 
form  in  different  individuals;  they  are  placed  side  by  side  at  the  middle  and  tipper 
jiart  of  the  face,  fnmiing,  by  their  junction,  ^'  the  bridge  "  of  the  nose.  Each  bone 
presents  for  examination  two  surfaces  nml  four  borders.  The  outer  surface  is 
concave  from  abov^c  downward,  convex  from  side  to  side;  it  is  covered  by  the 
Pyramidalis  and  Conifiressor  nasi  mtiseles,  and  give  attachment  at  its  upper  part 
to  a  few  fibres  of  the  Occipi  to-frontal  is  muscle  (Theile).  It  is  marked  by  numerous 
small  arterial  furrows  and  perforated  about  its  centre  by  a  foramen,  sfimetimes 
double,  for  the  transmission  of  a  small  vein.  Sometimes  this  foramen  is  absent  on 
one  or  both  sides,  and  occasionally  the  foramen  ciccum  opens  on  this  sui-face.  The 
inner  surface  is  concave  fmm  side  to  side,  convex  from  sibove  downwuril;  in 
which  direction  it  is  traversed  by  a  b>ngitudinal  groove  (sometimes  a  canal),  for 
the  pa*tsage  of  a  branch  of  the  nasal  nerve.  The  miperiorhonXQv  is  narrow,  thick, 
and  serrated,  for  articulation  with  the  nasal  notch  of  the  frontal  bone.  The  inferior 
er  is  broad,  thin,  sharp,  inclined  obliquely  downward,  outward,  and  back- 
and  serves  for  the  attachment  *if  the  lateral  cartilage  of  the  nnse.  This 
border  presents,  about  its  middle,  a  notch,  through  which  passes  the  branch  of  the 
nasal  nerve  above  referred  to,  and  is  prolonged  at  its  inner  extremity  into  a  sharp 

spine,  which,  when  articulated 
with  the  opposite  bone,  forms 
the  nnmil  atujle.  The  tjirnuti 
border  is  serrated,  bevelled  at 
the  expense  of  the  internal  sur- 
face above  and  of  the  external 
below,  to  articulate  with  the 
nasal  process  **f  the  superior 
maxillary.  The  internaf  bor- 
der, thicker  above  than  below, 
articulates  with  its  fellow  of 
the  opjHssite  side,  and  is  pro- 
longed behind  into  a  vertical 
crest  which  forms  part  of  the 
septum  of  the  nose;  this  crest  articidates  with  the  nasal  spine  of  the  frontal  above, 
and  the  jierjientlicular  plate  of  the  ethmoid  below. 

Development.- — By  one  centre  for  each  bone,  which  appears  abruit  the  same 
period  as  in  the  vertebn^. 

Articulations. — With  four  bones :  two  of  the  cranium,  the  fmntal  and  ethtnoid, 
and  two  of  the  face,  the  opposite  nasal  and  the  superior  maxillary. 

Attachment  of  MuBcIes. — A  few  fibres  of  the  Oecipito-frontalis  muscle. 

The  Superior  Maxillary  Bones. 

The  Superior  Maxillary  (manlhr,  the  jaw-bone)  is  one  of  the  most  important 
hones  of  the  face  from  a  surgical  j)oint  of  view,  on  account  of  the  number  of  diseases 
to  which  some  of  its  parts  are  liable.  Its  careful  examination  becomes,  therefor€% 
a  matter  of  considerable  interest.  It  is  the  largest  bone  of  the  face,  excepting  the 
lower  jaw,  and  forms,  by  its  union  with  its  fellow  of  the  <jpposite  side,  the  whole 

'  \V.  W,  Keen,  AniericoTi  ediiion,  p.  185. 
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THE  SKELETON. 

of  the  upper  jaw.  Each  bone  assists  ia  the  formation  of  three  cavities,  the  roof  nf 
the  inourh,  the  fioor  and  outer  wall  of  the  nasal  fossil,  and  the  floor  of  the 
orbit,  and  aL^o  enters  into  the  ionnatifm  i\{  two  fossic,  the  zygomatic  and  spheno- 
niaxillarjt  and  two  fissures,  the  sjiheno-maxillary  and  pterygo-maxillary. 

The  bone  presents  for  examinafion  a  body  and  four  processes — malar,  BasaL 
alveolar,  and  [ml ate. 

The  body  is  sumcwhat  cuboid,  and  is  hollowed  out  in  its  interior  to  fonn  a  lar^e 
cavity,  the  antrum  of  Highmore,  Its  surfaces  are  four — ^an  external  or  facial,  a 
posterior  or  zygomatic,  a  superior  or  orbital,  and  an  internal. 

The  external  or  facial  surface  (Fig,  154)  h  directed  forward  and  outward* 
Just  above  the  incisor  teeth  is  a  depression,  the  ittcisive  or  mi/riiihrm  fossa ^  which 
gives  oricfin  to  the  Depressor  ah^  nasi ;  and  below  it  to  the  alveolar  border  is 
nttache<l  a  slip  of  the  Orbicularis  oris.  Above  and  a  little  external  to  it  the 
Compressor  nasi  arises.     More  external  is  another  depression,  the  canine  fosm^ 
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TuK  151.— Lefl  superior  majtUlary  bone.    Outer  eurfiioc. 


larger  and  deeper  than  the  incisive  fossa,  from  which  it  is  separated  by  a  vertical 
ridge,  the  eanme  emmencey  corres [ion ding  to  the  socket  of  the  canine  tooth.  The 
canine  fossa  gives  origin  to  the  Levator  anguli  oris.  Above  the  canine  fossa  is  the 
wfniorhital  foramen,  the  termination  of  the  infraorbital  canal ;  it  transmits  the 
infraorbital  vessels  and  nerve.  Above  the  infraorbital  foramen  is  the  margin  of 
the  urbit,  which  affords  partial  attachment  to  the  Levator  labii  superioris  propriua. 
To  the  shar[i  margin  nf  bone  which  bounds  this  surface  in  front  and  separates  it 
from  the  internal  surface  is  attached  the   Dilator  naris  posterior. 

The  posterior  or  zygomatic  surface  is  convex,  directed  backward  And  outward, 
and  forms  part  of  the  zvgomatic  fossa.  It  presents  about  its  centre  several  aper- 
tures leading  to  canals  in  the  substance  of  the  biuie;  they  are  termed  the  ffosterior 
ilentaf  ratiah,  and  transmit  the  posterior  dental  vessels  and  nerves.  At  the  lower 
part  c»f  this  surface  is  a  rounded  eminence,  the  vutjUiart^  tuhervsifih  espc^cially 
prominent  after  the  growth  of  the  wisdom-tooth,  rough  on  its  inner  gide  for  artic- 
nlation  with  the  tuberosity  of  the  palate  bone,  and  si^metimes  with  the  external 
pterygoid  phite.      It  gives  attachment  to  a  few  fibres  of  origin   of  the   Internal 


THE  SUPER/OR   MAXILLARY  BONES, 


181 


I 


pterygoid  muscle.  Immediately  above  the  rough  surface  is  a  groove  which,  run- 
ning obliquely  down  on  the  inner  surface  of  I  he  bone,  iu  converted  into  a  canal 
bv  articulation   with  the  paUte-bone  forming  the  posterior  palatine  canaL 

The  superior  m  orbital  Biuface  is  thin,  smooth,  triangular,  and  forms  part  of 
the  floor  of  the  orbit.     It  is  bounded  internally  by  an   irregular  margin  which 
IB  front  presents  a  notch,  the  lackrj/jual  notch^  which  receives  the  lachrymal  bone; 
the  middle  articulates  with  the  os  jdanum  of  the  ethmoid,  and  beliind  with  the 
M  process  of  the  palate  bone ;  bounded  externally  by  a  smooth,  rounded  edge 
which  enters  into  the  formation  of  the  8phenu-ni axillary  tissure,  and  which  some- 
thne^  articulates  at  its  anterit^r  extremity  w  ith  the  orbital  plate  of  the  sphenoid ; 
bounded  in  front  by  pan  of  the  circumference  of  the  orbit,  which  m  continuous 
on  the  inner  n^-ide  with  the  nasal,  '^►n  the  outer  side  with  the  malar,  process.     Along 
the  middle  line  of  the  orbital  surface  is  a  deep  groove,  the  ififraorbital,  for  the 
fB^age  of  the  infraorbital  vessels  and  nerve.     The  groove  commences  at  the  mid- 
dle of  the  outer  border  of  this  surface,  and,  passing  forward,  terminates  in  a  canal, 
which  subdivides  into  two  branches.      One  of  the  canals,  the  infraorhital,  opens 
just  below  the  margin  of  the  orbit;  the  other,  which  is  smaller,  runs  in  the  sub- 
stance of  the  anterior  wall  of  the  antrum  ;  it  is  called  the  anterior  dental  canal, 
and  transmits  the  anterior  dental  vessels  and  nerve  to  the  front  teeth  of  the  upper 
jaw.     From  the  back  part  of   the  infraorbital  canal  a  second  small  canal  is  some- 
times given  off,  which  nms  in  the  substance  of  the  bone,  and  conveys  the  middle 
dental  nerve  to  the  bicuspid   teeth.      Occasionally,  this  canal  is  derived  from  the 
anterior  dental.     At  the  inner  jmd  fore  part  of  the  orbital  surface,  just  external 
to  the  lachrymal  groove  for  the  nasal  duct,  is  a  depression  which  gives  origin  to 
the   Inferior  oblique  muscle  of  the  eye. 

The  internal  smfac©  (Fig,  lr55)  is  unequally  divided  into  two  parts  by  a  hori- 
zontal projection  of  bone,  i^e  palate  proee»» :  the  portion  above  the  palate  process 
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fonns  part  of  the  outer  wall  of  the  nasal  fossje ;   that   below  it  forms  part  of  the 
cavity  of  the  mouth.      The  superior  division  of  this  surface  presents  a  large,  irreg- 
|r  opening  leading  into  the  antrum  of  Hiffhnore.     At  the  npper  border  of  this 
Rrture  are  numerous  br«»ken  cellubir  cavities,  which  in  the  articulated  skull  are 
losed  in  by  the  ethmoid  and  lachrymal  bones      Below  the  aperture  is  a  smooth 


concavity  whicli  forms  part  of  the  inferior  meatus  of  the  nasal  fossae,  anil  behind 
it  is  a  rough  gurfaee  which  articulates  with  the  perpendicular  plate  of  the  palate 
bone,  traversed  by  a  groove  which,  commencing  near  the  middle  of  the  posterior 
border,  runs  obliquely  downward  and  fttrward,  and  fijrius,  when  eumpleted  by  its 
articulation  with  the  palate  bone,  tlie  pfmterior  palatini'  canttL  In  front  of  the 
openiiiw:  of  the  antrum  is  a  dee[i  groove,  converted  intf*  a  canal  by  the  lachrjniial 
and  inferior  turbinated  bones.  It  is  called  the  hfhrt/tmt!  groove,  and  lodges  the 
nasal  duct.  More  anteriorly  is  a  well-marked  rough  i^idge,  the  inferior  turbinated 
erest^  for  articulation  with  the  inferior  turbinated  bone.  The  concavity  above 
this  ridge  forms  fiart  of  the  middle  meatus  «»f  the  nose,  whilst  that  beb>w  it  forms 
part  of  the  inferior  meatus.  The  portion  of  this  surface  below  the  polate  process 
is  concave,  rough  and  uneveii,  and  perforated  by  numerous  small  foramina  for  the 
passage  of  nwtrient  vessels.      It  enters  into  the  formation  of  the  roof  of  the  mouth. 

The  Antrum  of  Higlimore,  or  Maxillary  Sinus,  is  a  large,  pyramidal  cavity 
holloweil  out  of  the  body  of  the  maxillary  bone:  its  apex,  directed  outwanl,  is 
formed  by  the  malar  process;  its  base,  by  the  outer  wall  of  the  nose.  Its  ^^alls 
aic  everywhere  exceedingly  thin,  and  correspond  to  the  ru^bital.  facial,  and  7,ygo- 
matic  suiiaces  of  the  body  of  the  bone.  Its  inner  wait  or  base,  presents,  in  the 
disarticulated  bone,  a  large,  irregular  aperture^  which  commimicateB  with  the 
nasal  fossa.  The  margins  of  this  aperture  are  thin  and  ragged,  and  the  aperture 
itself  is  much  contracted  by  its  articulation  with  the  ethraojd  above,  the  inferior 
turbinated  beb)w,  and  the  palate  bone  behind.*  In  the  articulated  skull  this  cavity 
communicates  with  the  middle  meatus  of  the  nasal  fossje,  generally  by  two  small 
apertures  left  between  the  above-mentioned  bones.  In  the  recent  state  usually 
only  one  small  opening  exists,  near  the  upper  part  of  the  cavity,  sufficiently  large 
to  admit  the  end  of  a  probe>  the  other  being  closed  by  the  lining  membrane  of 
the  sinus. 

Crossing  the  cavity  of  tlie  antrum  arc  often  seen  several  projecting  laminae  of 
bone,  similar  to  those  seen  in  the  sinuses  of  the  cranium  ;  antl  on  its  p^isterior  wall 
are  the  post  e  rio  r  c  Ic  ut  a  I  cfin  a  /*,  t  ran  sm  i  1 1  i  n  g  the  |  k  j  s  t  e  r  i  o  r  d  e  n  t  a  1  v  esse  Is  and  n  e  r  v  es 
to  the  teeth.  Projecting  into  the  floor  are  several  conical  processes,  corresponding 
to  the  roots  of  the  first  and  second  molar  teeth  ;^  in  some  cases  the  floor  is  perfo- 
rated bj  the  teeth  in  this  situation. 

It  is  froui  the  extreme  tlimness  of  the  walls  of  this  cavky  that  we  an*  eunbled  to  explain 
how  a  tamttr  gmwiug  fmiu  the  antruui  eutTt>afhes  upon  the  aiiJMceut  parts,  pushirte  up  the  f?(Kir 
of  tht!  orbit,  and  displaeiui,'  the  eyeball,  projecting  inward  into  the  nusc,  protruding  forward  on 
to  the  eheek,  and  making  its  way  backward  into  the  zygomatic  fo43sa  and  downward  into  the 
mouth. 

The  Malar  Ptocess  is  a  rough,  triangular  eminence,  situated  at  the  angle  of 
separation  of  the  facial  from  the  zygomatic  surface.  In  front  it  is  concave,  form- 
ing part  of  the  facial  surface;  behiml  it  is  also  concave,  and  forms  part  of  the 
zygomatic  fossa ;  above  it  is  rougli  and  serrated  for  articulation  with  the  m«lar 
bone ;  whilst  below  a  prominent  ridge  marks  the  division  between  the  facial  and 
zygomatic  surfaces.     A  small  part  of  the  Masseter  muscle  arises  from  this  process. 

The  Nasal  Process  is  a  thick,  triangular  plate  of  bone,  which  projects  upward, 
inward,  and  backward  by  the  side  of  the  nose*  forming  part  of  its  lateral  boyndary. 
Its  external  surface  is  concave,  snuMith^  perforated  by  numerous  foramina,  and 
gives  attachment  to  the  Levator  hibii  superioris  ala?cjue  nasi,  the  Orbicularis 
palpebrarum,  and  Tendo  oculi.  Its  internal  surface  forms  |*art  of  the  outer  wall 
of  the  nose:  at  its  upper  part  it  presents  a  rough,  uneven  surface^  which 
articulates  with  the  ethmoid  b(me,  closing  in  the  anterior  ethmoidal  cells ;  below 
this  is  a  transverse  ridge,  the  superior  turbinateil  crest,  for  articulation  with  the 

*  In  some  en^e^,  at  tiny  rate,  the  lac}m*mnl  bone  eneroaeh<:^  Hlightlyfin  the  anterior  6Ut>crtor  por* 
tion  of  the  opt*ninp,  and  nNsistn  in  forrnln^'  the  inner  wall  of  the  untruni. 

^  The  number  of  teeth  who?^j  funiprs  are  in  relation  with  die  fiiwvr  of  the  antrum  is  Tariable.  The 
anlnim  '*  mny  extend  so  as  to  be  in  relation  to  all  the  teeth  of  ttie  true  maxilla,  from  the  lanine  to 
the  denA  mpieniia:**  (See  Mr.  Salter  on  Ahaeetki  of  ihe  Antrum,  in  a  Syaiem  <^  Surgwryj  eiUteil  by  T. 
HolincB,  2d  ed.  vol.  iv.  p.  35d.) 
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turbinated  bone  of  the  ethmoid,  bounded  bebiw  by  a  smooth  concavity 

wiFcl  forms  part  of  the  middle  meatus  ;  below  thii*  again  is  the  inferior  turbinated 

ci^t  (already  described),  where  the  process  joins  the  body  uf  the  bone.     Its  upper 

border  articidates  with  the  frontal  bone.     The  anterior  border  of  the  nasal  procet^ 

is  tLin,  directed  oblitjuely  downward  and  forward,  and  presents  a  serrated  edge 

for  articulation  with  the  na^al  bone;  its  poaiermr  border  i-"*  thick,  and  hollowed 

into  a  groove,  the  hwhrf/mal  f/roote,  for  the  nasal  duct :  of  the  two  marginM  of  this 

groove,  the  inner  one  articulates  with  the   luchrynial  bone,  the  outer  one  forms 

part  of  the  circumference  of  the  orbit.     Jtist  where  the   latter  joins  the  orbital 

surface  is  a  small  tubercle,  the  hichrymal  tubercle  :  this  serves  as  a  guide  to  the 

lition  of  the  lachrymal  sac   in    the   operation    for   fistula  lachrymalis.     The 

brymal  groove  in  the  articulated  skull  is  converted  into  a  canal  by  the  lachrymal 

bone  and  lachrymal  process  of  the  inferior  turbinated;  it  is  directed  downward, 

and  a  little  backward  and  outward,  is  about  the  diameter  of  a  goose-quill,  slightly 
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Fig,  156.— The  jmlate  and  alveolar  arch. 

narrower  in  the  middle  than  at  either  extremity,  and  terminates  below  in  the 
inferior  meatus.     It  lodges  the  nasai  duct. 

The  Alveolar  Process  is  the  thickest  and  raost  spongy  part  of  the  bone,  broader 
behind  than  in  front,  and  excavated  into  dee[i  cavities  for  the  i^eecption  of  the  teeth. 
Thej*e  cavities  are  eight  in  number,  and  vary  in  size  and  depth  according  to  the 
teeth  they  contain.  That  for  the  canine  tooth  is  the  deepest ;  those  fV^r  the  molars 
are  the  widest,  and  subdivided  into  minor  cavities  ;  those  for  the  incisors  are  single, 
but  deep  and  narrow.  The  Buccinator  muscle  arises  from  the  outer  surface  of  this 
process,  asi  far  forward  as  the  first  molar  tooth. 

The  Palate  Process,  thick  and  strong,  projects  horizontolly  inward  from  the 
inner  surface  of  the  bone.  It  is  much  thickei'  in  front  than  bchimh  and  forms  a 
considerable  part  of  the  floor  of  the  nostril  and  the  roof  of  the  mouth. 

Its  inferior  surface  (Fig.  150)  is  concave,  rough  and  uneven,  and  forms  part  of 
the  roof  of  the  mouth.     This  surface  is  perforated  by  numerous  foramina  for  the 

Casf^age  of  the  nutrient  vessels,  channelled  at  the  back  part  of  its  alveolar  border 
y  a  longitudinal  groove,  sometimes  a  canal,  for  the  transmission  of  the  posterior 
fialatine  vessels,  and  the  anterior  and  external  palatine  nerves  from  MeckeFs  gan- 
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glion,  and  presents  little  depressions  for  the  lodgment  of  the  palatine  glands.  When 
the  two  superior  maxillary  bone.n  are  articulated  together,  a  large  orifice  may  be 
seen  in  the  middle  line,  immediately  behind  the  incisor  teeth.  This  is  i\\e  anterior 
palatini  eanal  or  fossa.  This  canal,  as  it  yuisses  through  the  thickness  of  the  palate 
prficess,  is  divided  into  four  comjmrtments;  that  is  to  say,  two  eanaLs  branch  ofl' 
laterally  to  the  right  and  left  naifal  fossae,  and  two  canals,  one  in  front  and  one 
behind,  lie  in  the  middle  line.  The  former  pair  of  these  canals  is  named  the 
fonwuna  of  StensoUy  and  through  them  passes  the  anterior  or  terminal  branch  of 
the  descending  or  posterior  palatine  arteries,  which  ascend  from  the  mouth  to 
the  nasal  fossa>.  The  remaining  pair  of  canals  is  termed  the  foniminn  of 
Sfuirpa,  and  transmit  the  naso-jjalatine  nerves,  the  left  passing  through  the 
anterior,  and  the  right  through  the  posterior,  canaL  On  the  palatal  surface  of 
the  process  a  delicate  linear  suture  may  sometimes  be  seen  extending  from  the 
anterior  palatine  fossa  to  the  interval  between  the  lateml  incisor  and  the  canine 
tooth.  This  marlv*  out  the  intermaxillary  or  incisive  bune  which  in  some 
animals  exists  peimnnently  as  ji  separate  j)iece.  It  includes  the  wh*tle  thickness 
of  the  alveolus,  the  correspcmding  part  of  the  floor  of  the  nose,  and  the  anterior 
nasal  spine,  and  contains  the  sockets  of  the  incisor  teeth.  One  or  two  small 
f  u^amina  in  the  alveolar  margin  behind  the  incisor  teeth  are  occasionallj  seen  in 
the  adult,  almost  constantly  in  the  young  subject.  They  are  called  the  incisive 
foramina,  and  transmit  vessels  and  nerves  to  the  incisor  teeth.  The  ttpper  surface 
is  crmcave  from  side  to  side,  smooth,  and  for  his  part  of  the  floor  of  the  nose. 
It  presents  the  upper  orifices  of  the  foramina  of  Stenson  and  Scarpa,  the  former 
being  on  each  side  of  the  middle  line,  the  latter  being  situated  in  the  intermaxib 
lary  suture,  and  therefore  not  visible  unless  the  tw^o  bones  are  placed  iu  apposition. 
The  outer  border  of  the  palate  process  is  incorporated  with  the  rest  of  the  hone. 
The  ituivr  border  is  thicker  in  front  than  behind,  and  is  raised  above  into  a  ridge, 
the  naml  creKt,  which,  with  the  eorresfjonding  ri<!ge  in  the  opjiosite  bone,  fonns  a 
groove  for  the  reception  of  the  vomer.  In  front  this  crest  rises  to  a  ctmsiderable 
height,  and  this  ])ortion  is  named  the  ineisor  cregt.  The  anterior  margin  is 
bounded  by  the  thin,  concave  border  of  the  opening  of  the  nose,  prolonged  forward 
internally  into  a  sharp  process,  ft.>rming,  with  a  similar 
process  of  the  opposite  bone,  the  antt-rior  luwal  t^pine. 
The  pnntrrfor  bonier  is  serrated  fur  articulation  with  the 
horizontal   plate  of  the  palate  hone. 

Bevelapment. — This  bone  commences  to  ossify  at 
a  very  early  periiHl,  and  tjssiiication  proceeds  in  it  with 
great  rapidity,  so  that  it  is  difficult  to  ascertain  with 
certainty  its  precise  number  of  centres.  It  appears, 
however,  probable  that  it  is  ossified  by  five  primary  and 
two  secondary  centres.  The  primary  centres  appear 
about  the  seventh  or  eighth  week  :  lirst,  one  each  for  the 
facial  surface,  the  posterior  part  of  the  alveolus,  and  the 
orbital  plate,  and  a  few  days  later  one  for  the  palate 
process,  and  one  for  the  front  part  of  the  alveolus, 
which  carries  the  incisor  teeth,  and  which  corresponds 
to  the  pre-maxillary  bone  of  the  lower  animals.  All 
these,  except  the  last,  speedily  fuse,  and  the  two 
secondary  centres,  one  for  the  nasal  process  and  the 
other  for  the  malar  process,  appear  and  join  the  rest  of 
the  bone.  By  the  tenth  week  the  bone  consists  of  two 
portions^the  greater  part  of  the  bouc  tonned  of  six  out 
of  the  seven  centres  and  the  pre-niaxillary  portion.  The 
suture  between  these  two  portions  on  the  palate  persists  till  middle  life,  but  is 
not  to  be  seen  on  the  facial  surface.  This  is  believed  by  Oallender  to  be  due 
to  the  fact  that  the  front  wall  of  the  sockets  of  the  incisive  teeth  is  not  formed 
by  the  pre-maxillary  bone,  I  ut  by  an  outgrowth    from   the  facial   |iart  of  the 
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perior  maxilla*  The  ant  rum  appears  as  a  shallow  groove  on  the  inner  surface 
the  bone  at  an  earlier  period  tlian  any  of  the  other  nasal  sinuBea,  its  develop- 
ment commencing  about  the  fourth  nmnth  of  fcetul  life.  The  sockets  for  the 
teeth  are  formed  by  the  growing  downwur*!  of  two  pliites  from  the  dental  groove, 
which  subsequently  becomes  divided  by  partitions  jutting  across  from  the  one  to 
the  other. 

Aiticnlations. — With  nme  bones:  two  of  the  cranium,  the  fnmtal  and  ethmoid, 
and  seven  **f  the  face — viz.  the  nasal,  malar,  lachrymal,  inferior  turbinated,  palate, 
vomer,  and  its  fellow^  of  the  opposite  side.  Sometimes  it  articulates  with  the  orbital 
plate  of  the  sjihe^noid,  and  sometimes  with  its  external  pterygoid  plate. 

Attachment  of  Muscles. — To  twelve :  the  Orbicularis  palpebrarum,  Obliquus 
ociili  inferior.  Levator  labii  su  peri  oris  ahefjue  nasi.  Levator  labii  eiiperioris 
proprius.  Levator  ungTili  oris.  Compressor  nasi,  Depress*>r  alie  nasi.  Dilatator 
naris  posterior,  Masseter,  Buccinator,  Internal  pterygoid,  and  Orbicularis  oris. 

CHANGES  PRODUCED  IS  THE  UPPER  JAW  BY  AGE. 

At  birth  ami  during  infancy  the  diumHi^r  of  the  bone  is  preater  in  an  an terti- posterior 
than  in  ft  vertical  direction-  Its  mviul  proL-ejNH  xa  lori^,  ita  orbital  surface  large,  and  its  tuberosity 
well  marked.  In  the  adult  the  vertical  diameter  is  the  jtrreater,  owing  to  the  development  of 
the  alveolar  prticesss  and  the  in^.Tease  in  size  of  the  antnnn.  In  old  ape  the  hone  ap[)ruaehes 
agnin  in  chann^ter  to  the  infantile  (condition  :  its  heiL'^ht  is  diminished,  and  after  the  Ioks  of  the 
teeth  the  alveolar  process  is  ahsorbe<l,  and  the  lower  part  of  the  Lone  contracted  and  dimbiished 
in  thickness. 

The  Lachrymal  Bones. 

The  Lachrymal  (Iftchrf/ma,  a  tear)  arc  the  smallest  and  most  fragile  bones  of 
the  face.  They  arc  situated  at  the  front  part  of  the  inner  wall  of  the  orbit,  ami 
resemble  somewhat  in  form,  thinness,  and  size,  a  fitit:€*r-nail ;  hence  thev  are 
termed  the  osan  unf/tfji.  Each  bone  jircsents  for  examination  two  surfaees  and 
four  borders.  The  external  or  orbital  surface  (Fig.  158)  is  divided  by  a  vertical 
ridge,  the  lachnimal  cre»t^  into  two  parts.  The  portion  of 
bone  in  front  of  this  ridge  presents  a  smooth,  eoneave, 
longitudinal  groove,  the  free  margin  of  which  unites  with  the 
nasal  process  of  the  superior  maxillary  bone,  completing  the 
laehrymal  groove.  The  upper  part  of  this  groove  lodges  the 
lachrynml  sac :  the  lower  part  lodges  the  nasal  duct.  The 
portion  of  bone  behind  the  ridge  is  smooth,  slightly  concave, 
and  fonns  part  of  the  inner  wall  rif  the  orbit.  The  lidge, 
with  a  part  of  the  orbital  surface  immediately  behind  it, 
affords  attachraent  to  the  Tensor  tarsi :  the  ridge  terminates 
below  in  a  small,  hookdike  projection,  the  hamular  process, 
which  articulates  with  the  lachrymal  tubercle  of  the  superior 
maxillary  bone,  and  completes  the  upper  orifice  of  the  lach- 
nrmal  groove.  It  sometimes  exists  as  a  separate  piece,  which 
is  then  called  the  lemt'rlm'hri/mal  him*'.  The  internal  or  nnHnl 
surface  presents  a  depressed  furrow,  corresponding  to  the 
ridge  on  its  outer  surface.  The  surface  of  bone  in  front  of  this  forms  pail  of 
the  middle  meatus,  and  that  behind  it  articulates  with  the  ethmoid  bone,  filling  in 
the  anterior  ethmoidal  cells.  ()f  the /<7^fr  hordern^  the  anterior  is  the  longest,  and 
articulates  with  the  nasal  process  of  the  superior  maxillary  bone.  The  posterior, 
thin  and  uneven,  articulates  with  the  ns  planum  of  tlie  ethmoid.  The  superior^ 
the  shortest  and  thickest,  articulates  with  the  internal  angular  process  of  the 
frontal  bone.  The  inferior  is  divided  by  the  lower  edge  of  the  vertical  crest  into 
two  fiarts ;  the  posterior  part  articulates  with  the  orbital  plate  of  the  superior 
maxillary  bone;  the  anterior  portion  is  pndonged  downward  into  a  ]>ointed  pro- 
cess, which  articulates  with  the  lachrymal  process  of  the  inferior  turbinated  bone 
and  aasists  in  the  formation  of  the  lachrymal  groove. 
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Development. — By  a  single  centre,  whieli  makes  its  appearance  soon  after 
ossitinition  <»f  the  vertebni?  has  ctimmenceiL 

AiticulatioES.^Witli  fuur  bones:  two  of  the  cranium,  the  frontal  and  ethmoid, 
and  two  of  rhc  fiicc.  the  s«peri<ir  inaxillarv  and  the  inferior  turbinated. 

Attachment  of  MuBcles. — ^To  one  lonscle,  the  Tensor  tarsi. 

The  Malar  Bones. 

The  Malar  {mttia^  the  cheek)  are  two  sinall,  (inadrangular  bones,  situated  at 
the  u])per  and  outer  part  of  the  face  :  they  form  the  pr(miiiience  of  the  eheok,  part 
of  the  outer  \vall  and  floor  of  the  orbit,  and  |>art  of  the  temporal  and  zygomatic 
fossae.  Each  bone  presents  for  examination  an  external  and  an  internal  i^urfaee; 
four  processes,  the  frontul,  orbital,  maxillary,  and  xygomatie;  and  four  borders. 
The  external  surface  (Fig.  159)  is  smooth,  convex,  perforated  near  it,s  centre  bv 
one  or  two  small  apertures,  the  malar  fontmna,  for  the  passage  of  nerves  and 
vessels,  covered  by  the  Orbic(daris  palpebrarum  muscle,  and  affords  attachment  to 
the  Zyp>tnaliciLs  uiajur  ami  niiufn-  muscles. 

Tlie  internal  surface  (Fig.  1*J0),  directed  backward  and  inward,  is  concave, 
presentin^z:  internally  a  rough,  triangular  surface,  fiu*  articulation  with  the  supe- 
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rior  maxillary  bone ;  and  externally,  a  smooth,  concave  surface,  which  above  forms 
the  anterior  boundary  of  the  temporal  fossa,  and  below%  where  it  is  wider,  forms 
jiart  of  the  zygomatic  fossa.  This  surface  presents,  a  little  above  its  centre,  the 
aperture  of  one  or  two  malar  caujils,  and  affords  attachment  to  part  of  two  muscles. 
the  Tempffral  above  and  the  Masse ter  below.  Of  the  fmir  processes,  the  frontal 
is  thick  and  serrated,  and  articulates  with  the  external  angular  process  of  the 
frontal  bone.  The  orbital  process  is  a  thick  and  strong  [date,  which  projects 
backward  from  the  orbital  margin  of  the  bone.  Its  supera-internal  surface. 
smooth  and  concave,  forms,  by  its  junction  with  the  orhilal  surface  of  the  superior 
maxillary  hone  and  with  the  great  wing  of  the  sjihenoid,  part  of  the  floor  and 
outer  wall  of  the  orbit.  Its  inffTO-t^xtenial  surface,  smooth  and  convex,  fcn^ms 
part  of  the  zygomatic  and  temporal  fossie.  Its  antermr  margin  is  smooth  and 
rounded,  forming  part  of  the  circumference  of  the  orbit.  Its  miperior  margin, 
rough  and  directed  horizontally,  articulates  with  the  frontal  bone  behind  the 
external  jingidar  process,  ItB  posterior  margin  is  rough,  and  serrated  for  articu- 
lation with  the  sj»henoid  ;  iutemaUf/  it  is  also  serrated  for  articulation  with  the 
orbital  surface  of  the  superior  maxillary.  At  the  angle  of  junction  of  the  sphe- 
noidal and  niaxiilary  portions  a  short,  rounded,  non-articular  margin  is  generally 
seen;  this  forms  the  anterior  boundary  of  the  spbeno-miLxillary  fissure:  occasion- 
ally,  no  such  non-articidar  margin  exists,  the  fissure  being  completed  by  the  direct 
junction  of  the  maxillary  and  sphenoid  bones  or  by  the  interpositi*in  of  a  small 
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Wormian  bone  in  the  angular  interval  between  them.  On  the  upper  surface  of 
the  orbital  process  arc  seen  the  orifices  of  one  or  two  temporo-n3«T.lar  canals;  one 
of  these  asnally  opens  on  tlie  poorer i or  surface,  the  other  (uecasitmally  two)  on 
the  facial  surface:  they  transmit  filaments  (temporo-malar)  of  the  orliitiil  branch 
of  the  superior  maxillary  nerve.  The  maxillary  process  is  a  rough,  triangular 
surface  which  articulates  with  the  superior  maxillary  bone.  The  zygomatic  pnn 
cess,  h»ng,  narrow,  and  serrated,  art icitl sites  with  the  zygomatic  process  of  the 
temponil  bone.  Of  the  four  borders^  the  antero-mipcrior  or  orbital  is  smooth, 
arched,  and  forms  a  considenible  part  of  the  circumference  of  the  orbit.  The 
ant^ro-inferior  or  maTtllan/  border  is  rouglu  and  bevelled  at  the  expense  of  its 
ianer  table,  to  articulate  with  the  superior  maxillary  bone;  affording  attachment 
by  its  margin  to  the  Lev^ator  labii  superioris  proprius,  just  at  its  point  of  junction 
with  the  superior  maxillary*  The  poMero-sffjh-rf'nr  or  tempor<i!linn\ei\  curved  like 
an  italic  letter/',  is  continuous  above  with  the  cnmmencement  of  the  temporal 
lidge ;  below,  with  the  upper  border  of  the  zygomatic  arch:  it  affords  attachment 
to  the  temporal  fascia.  The  postero-ififenor  or  zi/fprmatie  border  is  continuous 
with  the  lower  border  uf  the  zygomatic  arch,  affording  attachment  by  its  rough 
edge  t4?  the  Masse ter  muscle. 

DeTelopment. — The  malar  bone  ossifies  generally  from  tWfK  but  occasionally 
from  three,  centres.  One,  which  forms  the  chief  part  of  the  bone,  appears  about 
the  seventh  week,  near  the  orbital  margin*  The  second  aftpears  somewliat  later, 
along  the  lower  margin.  The  third,  when  it  exists,  is  found  in  the  hinder  border* 
The  bone  is  sometimes,  after  birth,  seen  to  be  divided  by  a  horizontal  suture  into 
an  upper  and  larger  division  and  a  lower  and  smaller.  This  divided  condition  is 
probably  due  to  the  persistent  separation  of  the  two  centres  of  ossification.  In 
some  quadrumana  the  rualar  bone  consists  of  two  parts,  an  orbital  and  a  malar, 
which  are  ossified  by  separate  centres. 

ArtacnlationB. — ^With  four  bones :  three  of  the  cranium,  frontal,  sphenoid,  and 
temporal ;  and  one  of  the  face,  the  superior  maxillary. 

Attachment  of  Muscles. — To  five:  The  Levator  labii  superioris  proprius, 
Zygomaticus  major  and  minor,   Masseter,   and  Temporah 

The  Palate  Bones. 

The  Palate  Bones  (palatum,  the  palate)  are  situated  at  the  hack  part  of  the 
nasal  fixssse:  they  are  wedged  in  between  the  supcriru*  maxillary  bones  and  the 
pterygoid  processes  of  the  sphenoid.  Eaeli  hone  assists  in  the  formation  of  three 
cavities:  the  floor  aud  outer  wall  of  the  nose,  the  roof  of  the  mouth,  and  the  flortr 
of  the  orbit,  and  enters  into  the  fru'mation  of  two  ff)ssje,  the  spheno-maxillary  and 
pterygoid;  and  one  fissure,  the  spheuo-niaxillary.  In  form  tlie  palate  bone  some- 
what resembles  the  letter  L,  and  may  be  divided  into  an  inferior  ur  horizontal 
plate  aud  a  sujierior  or  vertical   jdate. 

The  Horizontal  Plate  is  thick,  of  a  quadrilateral  form,  aud  presents  two  sur- 
faces and  fotir  borders.  The  ^in/ienor  Burface,  concave  from  mle  to  side,  forms 
the  back  part  of  the  floor  of  the  nostril.  The  inferior  surface,  slightly  concave 
anil  rough,  forms  the  back  part  of  the  hard  palate.  At  its  posteri<*r  part  may  be 
seen  a  transverse  ridge,  more  or  less  marked,  for  the  attachment  of  part  of  the 
aponeurosis  of  the  Tensor  palati  muscle.  At  the  outer  extremity  of  this  ridge  is 
a  deep  groove  converted  into  a  canal  l>y  its  articulation  with  the  tid*erosity  of  the 
gU[)erior  maxillary  bone,  and  forming  the  poHterior  palatiut'  vatwL  Near  this 
groove  the  orifices  of  one  or  two  small  canals,  furressori/  poMerior  palatine,  may  be 
seen.  The  antrrlor  border  is  serrated,  bevelled  at  the  expense  of  its  inferior  sur- 
face, and  articulates  with  the  palate  process  of  the  superior  maxillary  bone.  The 
ffuftrrior  border  is  concave,  free,  and  serves  for  the  attachment  of  the  soft  palate, 
ts  inner  extremity  is  sharp  and  pointed^  and,  when  united  with  the  opposite  bone, 
forms  a  prelecting  process,  the  posterior  nanfil  »pin*\  for  tijc  attnehment  of  the 
Assygns  uvulae.     The  external  border  is  united  with  the  lower  part  of  the  perpen- 
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(lieular  plate  almost  at  ri^ht  angles.  The  int€nitdhoYAm\  the  thickest,  is  serrated 
for  articiilatioii  with  its  fellow  of  the  opposite  side  ;  its  ijiiperior  edge  is  raised  into 
a  ridge,  which,  united  with  the  opposite  bone,  forms  a  crest  in  which  the  vomer  is 
received. 

The  Vertical  Plate  (Fig.  161)  is  thio,  of  an  obhmg  form,  and  directed  upward 
and  11  little  inward.  It  presents  two  surfaces,  an  external  and  an  internal,  and 
four  borders. 

The  internal  aurface  presents  at  its  lower  part  a  broad,  shallow^  depression, 
which  forms  part  of  the  inferior  meatus  of  the  nose.     Immediately  above  this 

is    a    well -marked    horizontal 

QrhiitU  sw/ac9t 


'  MajiUar^  turf  ace. 


.  l>- 


process. 


Horizonial  Plate, 
Fio.  161.— Left  piLlate  bc»ne.    Internal  view.    (Enlarged.) 


ridge,  the  inferior  turh mated 
create  for  articuhition  with  the 
inferior  turbinated  bone ; 
above  this,  a  second  broad, 
shallow  depression,  which 
forms  part  of  the  middle  mea- 
tus, vsurmounted  above  bj  a 
horizontal  ridge  less  promi- 
nent than  the  inferior,  the 
superior  turhinated  crests  for 
articidation  with  the  middle 
turhinated  bone.  Above  the 
sii|)erinr  turbinated  crest  is  a 
narrow,  horizontal  groove, 
which  fonns  part  of  the  su- 
perior meatus. 

Tlie  external  surface  is 
rough  and  irregnlar  through- 
out the  greater  part  of  its 
extent,  for  articulation  with 
the  inner   surface  of  the  au* 

perior  maxillary  bone,  its  upper  and  back  part  being  smooth  where  it  enters  into 

the  formation  of  the  splieno-inaxillary  fossa;  it  is  also  smooth  in  front,  where  it 

covers  the  orifice  of  tlit^  antrum.     Toward  the  back  part  of  tbis  surface  is  a  deep 

groove,  converted  into  a  eiin:il,  the  imsferwr 

palatine,  by  its  articulation  with  the  supe- 
rior maxillary  bone.  It  transmits  the  pos- 
terior or  descending  palatine   vessels  and 

one   of   the   descending   palatine   b ranches 

from   Meckefs  ganglion. 

The  anterior  border  is  thin,  irregular, 

and   presents,   opposite  the  inferior  tnrbi- 

nated  crest,  a  pointed,  projecting  lamina, 

the   maxilhtry   proees^^    which    is    directefl 

forward,  and  ch>ses  in  the  lower  and  back 

part  of  the  o])ening  of  the  antrum.      The 

posterior  border  {Fig.  10 2)  presents  a  deep 

groove,  the  edges  of  which  are  serrated  for 

articulation  with   the  pterygoid  process  of 

the  8pben«»id,     At   the  lower  part  of  this 

border  is  seen  a  pyramidal  puocess  of  bone, 

the  ptenjfpiid  procens  or  ttiberosity  of  the 

palate,  wliich  is  received  into  the  angular 

intorval  between   the  two  pterygnid  |dates 

<»f  the  sphenoid  at  their  inferior  extremity. 

This  process  presents  at  its  back    part   a 

median  groove  and  two  lateral  surfaces. 


OrhUal  proceM$, 


Sphmoidid  pdatine 
fort 


^  Sphrnoid^  J 

'-  A  Hicuiar  porHtm, 


External  Surfa^, 


Horizonial 
Plate. 


PoHeritfr 


Fw,  l(i2.— Left  pAlAte  bone,    Poslerior  vtew. 
\  Enlarged.) 


The  groove  is  smooth,  and  forms  par 
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pterygoid  fnesa^  affording  at t a clvment  to  the  leternal  pterygoid  muscle; 
the  lateral  surfaces  are  rough  and  uneven,  for  articulation  with  the  anterior 
border  of  each  pterygoid  plate,  A  few  fibres  of  the  Superior  constrictor  arise  from 
the  tuberosity  of  the  palate  bone.  The  base  of  this  process,  continuous  with  the 
horizontal  portion  of  the  bone,  presents  the  apertures  of  the  a^^cr^son/  dt'srentltnt^ 
palatine  irannh,  through  which  pass  the  two  smaller  descending  branches  of 
Meckel's  ganglion ;  whilst  its  outer  surface  is  rough  for  articulation  with  the  inner 
surface  of  the  body  of  the  superior  maxillary  bone. 

The  superior  border  of  the  vertical  plate  presents  two  well-marked  processes 
parated  by  an  intervening  notch  or  foramen*  The  anterior,  or  larger,  is  called 
the  O'rbital  proreatt ;  the  poslerjor,  the  sphenoidaL 

The  Orbital  Process,  directed  upward  and  outward,  is  [daced  on  a  higher  level 
than  the  sphenoidaL  It  presents  five  surfaces,  which  enclose  a  hollow  cellular 
cavity,  and  is  connected  to  the  perpendicular  plate  by  a  narrow,  constricted  neck. 
Of  these  five  surfaces,  three  are  articular,  two  non-articular  or  free  surfaces.  The 
three  articular  are  the  anterior  or  maxillary  surface,  which  is  dii*ected  forward, 
outward,  and  downward,  is  of  an  oblong  form,  and  rough  for  articuktion  with 
the  superior  muxjllarv  bone.  Tiie  pofttrrior  or  ^phenoithff  surface  is  directed 
backward,  upward,  and  inwani  It  ordinarily  presents  a  small,  open  cell,  which 
communicates  with  the  sphenoidal  cells,  and  the  margins  of  which  are  serrated 
for  articulation  with  the  vertical  jiart  of  the  sj)henoidal  turbinated  bone.  The 
mtemal  or  ethmoidal  surface  is  directed  inward,  upward,  and  forward,  and 
articulated  with  the  lateral  mass  of  the  ethmoid  bone.  In  some  eases  the  cellular 
cavity  above  mentioned  opens  on  this  surface  of  the  bone;  it  then  communicates 
with  the  posterior  ethmoidal  cells.  More  rarely  it  ojtens  on  both  surfaces,  and 
then  communicates  both  with  the  posterior  ethmoidal  and  the  sphenoidal  cells. 
The  non -articular  or  free  surfaces  are  the  superior  or  orbital^  directed  upward  and 
outward,  of  triangular  form,  concave,  smooth,  and  forming  the  back  part  of  the 
floor  of  the  orbit;  and  the  external  or  zygomatic  surface,  directed  outwaixl, 
backward,  and  downward,  of  an  riblong  form,  smooth,  Iving  in  the  S[>heno-maxil- 
Ury  fofiftat  and  looking  into  the  zygomatic  fossa.  The  latter  surface  is  separated 
from  Uie  orbital  by  a  smooth,  rounded  border,  w^hich  enters  into  the  formation 
of  the  spheno-maxi!lary  fissure. 

The  Sphenoidal  Process  of  the  palate  bone  is  a  thin,  compressed  plate,  much 
smaller  than  the  oi^bital,  and  directed  upward  and  inward.  It  presents  three 
surfaces  and  two  borders.  The  superior  surface,  the  smallest  of  the  three, 
articulates  with  the  under  surface  of  the  aphenoitlal  turbinated  bone;  it  presents  a 
gro<jve,  which  contributes  to  the  formation  of  the  pterygo-palaiine  canal.  The 
internal  surface  is  concave,  and  forms  part  of  the  outer  wall  of  the  nasal  fossa. 
The  external  surface  is  divided  into  an  articular  and  a  non-articular  portion :  the 
former  is  rough,  for  articulatitui  with  the  inner  surface  of  the  pterygoid  process 
sphenoid;  the  latter  is  smooth,  and  forms  part  of  the  .spheno*maxillary 
The  anterior  border  forms  the  posterior  boundary  of  tlie  spheno*pa!atine 
foramen.  The  posterior  border,  serrated  at  the  expense  of  the  outer  table, 
articulates  with  the  inner  surface  of  the  pterygoid  process. 

The  orbital  and  sphenoidal  processes  are  separated  from  one  another  by  a  deep 
notch,  which  is  converted  into  a  foramen,  the  Hplteno-palatine,  by  articulation 
with  the  sphenoidal  turbinated  bone.  Sometimes  the  two  processes  are  united 
above,  and  form  between  them  a  complete  foramen,  or  the  notch  is  crossed  by  one 
or  more  spiculse  of  bone,  so  as  to  form  two  or  more  foramina.  In  the  articulated 
skull  this  foramen  opens  into  the  back  part  of  the  outer  wall  of  the  superior 
meatus^  and  transmits  the  spheno-jialatine  vessels  and  the  superior  nasal  and 
naso-palatine  nerves. 

DeTelopment. — From  a  single  centre,  which  makes  its  appearance  about  the 
second  month  at  the  angle  of  junction  of  the  two  plates  of  the  bone.  From  this 
paint  ossification  spreads  inward  to  the  hoi4zontal  plate,  downward  into  the 
tuberosity,  and  upward  into  the  vertical  plate.     In  the  fcetus  the  horizontal  plate 
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is  much  longer  than  the  vertical,  mid  even  afVer  it  is  fully  ossified  the  whole  bone 
18  at  first  remarkable  for  its  isliortness. 

Articulations. — With  six  bones;  the  sphenoid,  ethmoid,  superior  maxillarj, 
inferior  turbinated,  vomer,  and  opposite  palate. 

Attachment  of  Muscles, — To  fuur :  the  Tensor  palati,  Azygos  uvulae.  Internal 
pterygoid,  and  Superior  constrictor  of  the  pharynx. 

The  Inferior  Turbinated  Bones. 

The  Inferior  Turhinated  Bones  {larbo^  a  whirl)  are  situated  one  on  each  side  of 
the  outer  wall  of  the  nasa!  fo.'^sit^.  Each  ctmsists  uf  a  layer  of  thin,  springy  bone, 
curled  upon  itself  like  a  scroU^bence  its  name  *^tuvbinared  " — nnd  extends  hori- 
zoii tally  alf>ng  the  outer  wall  of  the  uasal  tWsa,  ini mediately  below  the  orifice  of 
the  antrum.     Each  biuie  fixesents  two  surfaces,  two  burdem,  and  two  extremities. 

The  internal  surface  (Fig.  163)  is  convex,  perforated  by  numerous  apertures, 
and  traversed  by  hmgitudiual  grooves  and  canals  for  the  lodgment  of  arteries  and 
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Fig.  1C3.— RSi^ht  Inferior  Oirtolimted  lHine.    Internal 
gorfiu^e. 


Fig.  164.— Right    inftiHar  turbinated   bone. 
External  aiirfwcc. 


veins.  In  the  recent  state  it  is  covered  by  the  lining  membrane  of  the  nose.  The 
external  surface  is  concave  (Fig.  ItU),  and  forms  part  of  the  interior  meatus.  Its 
upper  bonhr  is  thin,  irregular,  and  connected  to  various  bones  along  the  ont^r 
wall  of  the  nose.  It  may  be  divided  into  three  pcu-tions  :  of  these,  the  anterior 
articulates  with  the  inferior  turbinated  crest  of  the  superior  maxillary  bone;  the 
posterior  with  the  inferior  turbinated  crest  of  the  palate  bone  ;  the  mitldle  portion 
of  the  su|terior  border  presents  tlirer  welbiuiirked  processes,  which  vary  much  in 
their  size  and  form.  Of  these,  the  anterior  and  smallest  is  situated  at  the  Junction 
of  the  anterior  fourth  with  the  posterior  three-fourths  of  the  bone  :  it  is  small  and 
pointed,  nnd  is  called  the  /afhnfmnl  process:  it  articulates  by  its  apex  with  the 
anterior  inferiiir  angle  of  the  lachrymal  bone,  and  Ity  its  margins  with  the  groove 
on  the  back  of  the  nasal  process  of  the  superior  umxillary,  and  thus  assists  in 
forming  the  canal  for  the  nasal  dtict.  At  the  junction  of  the  two  middle  fourths  of 
the  bone,  but  encroaching  on  its  posterior  fourth,  a  broad,  thin  pbue,  the  ethmoidal 
proeesn,  ascends  to  join  the  unciform  process  of  the  ethmoid  ;  from  the  lower  border 
of  this  process  a  thin  lamina  of  bone  curves  downward  nnd  outward,  articulating 
by  its  lower  margin  witli  the  lower  edge  of  the  orifice  of  the  antrum;  it  is  called 
the  maj^ilhtn/ proeess,  antl  fixes  the  hone  firmly  on  to  the  owtei  wall  of  the  nasal 
fossa*  The  iHf*'rior  ht^/rdrr  is  free,  thick,  and  celhdar  in  structure,  more  especially 
in  the  middle  of  the  bone.  Both  eiirerftifit'M  are  more  or  less  narrow  and  pointed, 
the  posterior  being  the  nuu'e  tii poring.  If  the  bone  is  held  so  that  its  outer  con- 
cave surface  is  directed  backward  (i.  e.  toward  the  holder),  and  its  superior  border, 
from  which  the  lachrymal  and  ethmoidal  processes  project,  upward,  the  lachrymal 
process  will  he  directed  to  tJie  side  to  which  the  bone  belongs.^ 

Development. — By  a  single  centre,  which  makes  its  appearance  about  the 
middle  <»f  fsefal  life. 

Articulations. — With  four  bones:  one  of  the  cranium,  the  ethmoid,  and  three 
of  the  face,  the  superior  maxillary,  hichrymal,  and  palate. 

No  muscles  iire  attaclied  to  this  bone. 

*  If  the  lachrvmal  pr<>tv!4s  is  broken  off,  us  is  often  the  t*rtM.%  the  Me  lo  which  the  hone  tx?longs 
mnjbe  known  by  recoilccting  ttml  the  niaxillary  prchjcaa  is  nearer  the  back  than  the  front  of  ttiebotie 
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With  »up,  mariU.  hotien  and  pnlafe. 
Fig.  165.— Tbe  vomer. 


The  Vomer. 

The  Vomer  (vomer,  a  ploiigb share)  is  ji  sin^fle  bone,  situated  vertically  at  fhe 
back  part  of  tbe  iiat^al  fossje,  fonnirig  part  of  the  se|»tuin  of  tbe  nose.  It  la  tbio, 
|M>iiiewh»t  like  a  phjwghshare  in  funn  ;  but  it  varies  in  different  individnab,  being 
fre»(iiently  bent  to  one  or  the  other  mdc ;  it  presents  for  examination  two  surfaces 
and  five  borders.  The  lutrral  »ifrfaces  are  smooth,  marked  by  small  furrows  for 
the  lodgraent  of  blood-vesf*els,  and  by  a  groove  on  each  side,  sometimes  a  canal, 
the    na80-pahxtint\    which     runs 

obli(|uely  downward  and  forward  y        -^f^ir 

to  toe  intermaxillary  ^iuture ;  it 
transmitsthe  naso-palatine  nerve. 
The  postero'$uperior  border^  the 
thickest,  presents  a  deep  gi*oove, 
bi^unded  on  each  side  by  a  hori- 
zontal projecting  ala  of  bone ; 
the  groove  receives  the  rostrum 
of  the  sphenoid,  whilst  the  ah« 
are  overlapped  and  retained  by 
lamina  (the  v0 (final  firfM^emeai) 
which  project  from  the  under 
surface  of  the  body  of  the  8[)he- 
Doid  at  the  base  of  the  pterygoid 
processes.  At  the  front  of  the 
groove  a  fissure  is  left  for  the  transmission  of  blood-vessels  to  the  substance  of 
the  bone.  The  inferlnr  hordei\  the  longest,  is  broad  and  uneven  in  front,  where 
it  articnlates  with  the  two  sujierior  maxillary  bones;  thin  and  sharp  behind, 
where  it  joins  with  the  palate  bones-  The  upper  half  of  the  (intero-^upenor  bor- 
der usually  consists  of  two  laminae  of  bone,  between  which  is  received  the  per- 
pendicular plate  of  the  ethmoid ;  the  lower  haU\  also  sejiurated  into  two  laminte, 
receives  between  tirem  the  lower  margin  of  the  triangular  cartilage  of  the  nose* 
The  anterior  bordrr  is  short  and  vertical,  and  articidjites  with  the  posterior  mar- 
gin of  the  incisor  crest  of  each  superior  maxilla.  The  poHterwr  border  is  free, 
concave,  and  separates  the  nasal  tbssje  behind.  It  is  thick  and  bifid  above, 
thin  below. 

The  surfaces  of  the  vomer  are  covered  by  mucous  membrane,  which  is  inti- 
mately connected  with  the  periosteum,  with  the  intervention  of  very  little,  if  any, 
submucous  connective  tissue. 

Development. — The  vomer  at  an  early  period  cdusists  of  two  laminjv,  sefiarated 
bv  a  very  considerable  interval,  and  enclosing  between  tbem  a  plate  of  rariilage, 
which  is  prolonged  forward  to  form  the  remainder  of  the  septum.  Ossification 
commences  in  it  by  a  single  centre  about  the  eigiiih  week.  From  this  nucleus  the 
two  laminae  are  fnrmed.  They  begin  to  coalesce  at  the  lower  part,  but  their  imion 
is  not  complete  until  after  puberty. 

Articulations.— With  six  hones  :  two  of  the  cranium,  the  sphenoid  and  ethmoid  ; 
and  four  of  the  face,  the  two  sujjcrior  maxillary  and  the  two  palate  bones;  and 
with  the  cartilage  of  the  septum. 

The  vomer  has  no  muscles  attached  to  it. 


The  Inferior  Maxillary  Bone. 

The  Inferior  Maxillary  Bone  (the  JLtndfble)^  the  largest  and  strongest  bone 
of  the  face,  serves  for  the  reception  of  the  lower  teeth.  It  consists  of  a  curved, 
horizontal  portion,  the  bodi/,  and  two  perpemlicular  portions,  the  ramij  which  join 
the  back  part  of  rhe  Imdy  nearly  at  right  angles. 

The  Horizontal  Portion  or  Body  (Fig.  166),  is  convex  in  its  genera!  outline,  and 
Tved  somewhat  like  a  hiuseshMe.  It  presents  for  examination  two  surfaces 
d  two  liorders.     The  erbemal  surface  is  eonvt^x  from  side  to  side,  concave  from 
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above  flown  war  iL  In  the  median  lioe  is  a  vertical  rid^e,  the  syinphyiis^  which 
extends  from  the  upper  tu  the  lower  border  of  the  hone,  iiud  indicates  the  point  of 
junetioii  of  the  two  pieces  of  which  the  bone  is  composed  at  an  early  period  of  life. 
The  lower  part  of  the  ridge  terminates  in  a  prominent  triangular  eminence,  the 
fncntal  firwiss.  This  eminence  is  rounded  beh>w,  and  often  pref?euts  a  median 
depression  separating  two  proce^^ses,  the  mvnt*il  tithen'k'».  It  forms  the  chin,  a 
feat u  re  p ec  u  1  i  a  r  t  o  t  h  e  h  ii  ma  n  s  k  ul  L  i)  n  e i  th  e  r  s  i  d  e  o  f  t  h  e  s y  m  j  >  h y  s i  s » j  n  s t  he k»  w  t  h  e 
cavities  for  the  incisor  teeth,  is  a  depression,  the  tvcmve  fin*m,  for  the  attachment 
of  the  Levator  mcnti  {or  Levator  lahii  inferioris) ;  more  externally  is  attached  a 
portion  of  »he  Orbicularis  oris  (At'^fessorii  Orbicnlarm  inferior U),  and,  still  more 
externally,  a  fommen,  the  mental  forttmen^  for  the  passage  of  the  mental  vessels 
and  nerve.  This  foramen  is  placed  just  below  the  interval  between  the  two 
bicuspid  teeth.  Running  outward  from  the  base  of  the  mental  process  oo 
each  side  is  a  ridge,  the  exlernal  oblique  line.  The  ridge  is  at  fii*st  nearly 
horizontal,  but  afterward  inclines  upward  and  hack  ward,  and  m  contionous 
with  the  anterior  horder  of  the  rannus :   it  afl'ords   attaclinient  to  the  Depressor 
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Fiti,  166.— Ill ferktr  maxillary  bone.    Outer  surftice.    .Side  view. 

lahii   inferioris  and   Depressor  anguli   oris;    below   it   the  Platysma  myoides   is 
attached. 

The  intemal  surface  (Fig.  167}  is  concave  from  side  to  side,  convex  from  above 
downward.  In  the  middle  line  is  an  indistinct  linear  depression,  corresponding 
to  the  symphysis  externally;  on  either  side  of  this  depression,  just  below  its  centre, 
are  four  yjruminent  tubercles,  [daced  in  pairs^  two  above  and  two  helow ;  they  are 
called  the  t/fnial  fuhert^lei  or  mental  itpitfe^^  and  ufTord  attachment,  the  upper  to 
the  Genio-hyo*glossi,  the  lower  to  the  Genio-hyoidei  muscles.  Sometimes  the 
tahercles  on  each  side  are  blended  into  one  ;  at  others  they  all  unite  into  an  irregular 
eminence  ;  or,  again,  nothing  but  an  irregularity  may  be  seen  on  the  surface  of  the 
bone  at  this  part.  On  either  side  rd"  the  genial  tubercles  is  an  oval  depression,  the 
nublintpial Jhsitd,  for  lodging  the  sublingual  gland;  and  beneath  the  fossa  a  rough 
depression  on  each  side  wliich  gives  attachment  to  the  anterior  belly  of  the 
Digastric  muscle.  At  the  hack  part  of  the  sublingual  fossa  the  internal  obliquf 
line  {mylfj'hy*>idean)  commences ;  it  is  at  first  faintly  marked,  but  becomes  more 
distinct  as  it  passes  upward  and  outwanb  and  is  especially  prominent  opposite 
the  last  two  nndar  teeth;  it  affords  attachment  throughout  its  whole  extent  to  the 
Myhidiyfdd  muscle;  the  Superior  constrictor  of  the  [dmrynx  with  the  pterygo- 
maxillarv  ligament  being  attuclKMl  above  its  posterior  extremity,  near  the  alveolar 
margin.     The  portion  of  the  bone  above  this  ridge  is  smooth,  and  covered  by  the 
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Fig.  167,— iDferior  maxillary  bone.    Inner  aurfiiee.    Side  view. 

maxillary  gland.  The  external  oblique  line  and  the  internal  ormylo-hyoidean  line 
divide  the  body  of  tlie  bone  into  ii  superior  or  stlveular  itnd  an  inferior  or  basilar 
portion. 

The  superiar  or  alveolar  border  is  wider,  and  its  margins  thicker,  behind  than 
in  front.  It  is  hollowed  into  numerous  cavities,  for  the  recei>tion  of  the  teeth; 
these  cavities  are  sixteen  in  number,  and  vary  in  depth  and  size  according  to  the 
teeth  which  they  contain.  To  its  outer  side,  the  Buccinator  muscle  is  attached  as 
far  forward  as  the  first  molar  tooth.  The  inferior  border  is  rounded,  longer  than 
the  superior,  and  thicker  in  front  than  behind  ;  it  presents  a  shallow  groove,  just 
where  the  body  joins  the  ramus,  over  which  the  facial  artery  turns. 

The  Perpendictilar  Portions,  or  Bami,  are  of  a  ipiadrilaieral  form.  Each 
presents  for  examination  two  surfaces,  four  borders,  and  two  processes.  The 
erternat  tfurface  is  flat,  marked  with  ridges,  and  gives  attachment  throughout  nearly 
the  whole  of  its  extent  to  the  Masseter   muscle.     The  ititeritai  Hurfave  yiresents 

..•boiit  its  centre  the  oblique  aperture  of  the  inferior  dental  canub  for  tlie  jmssage 
of  the  inferior  dental  vessels  and  nerve.  The  margin  of  this  opening  is  irregular; 
it  pre,sents  in  front  a  prominent  ridge»  surmounted  by  a  sharp  si)ine,  the  lingula^ 
which  gives  attachment  to  the  interna!  lateral  ligament  of  the  lower  jaw,  and  at 
its  lower  and  back  part  a  notch  leading  to  a  groove,  the  miflo-hi/oidemu  which  runs 
obliquely  downwanl  to  the  back  ]>arl  of  the  submaxillary  fossa,  and  lodges  the 
myb»*hyoid  vessels  an*l  nerve.  Behind  the  gnutve  is  a  rough  surface,  for  the 
insertion  of  the  Internal  pterygoid  muscle.  The  inferior  denta!  cunsd  runs  obliquely 
downward  and  forward  in  the  siibstance  of  tlie  ramus,  and  then  horizontally 
forward  in  the  body ;  it  is  here  placed  under  the  alveoli,  with  which  it  communi- 
itest  by  small  openings.  On  arriving  at  the  incisor  teeth,  it  turns  back  to 
ommunicate  with   the  mental   foramen,  giving  ^>f!"  two  small   canals,  which  run 

'forward,  to  be  lost  in  the  cancellous  tissue  of  the  bone  beneath  the  incisor  teeth. 
This  canaK  in  the  posterior  two-tliirds  of  the  bone,  issituate*!  nearer  the  internal 
surface  of  the  jaw  ;  and  in  the  anterior  third,  nearer  its  external  surface.  Its 
walU  are  composed  of  compact  tissue  at  either  extremity^  and  of  cancellous  m  the 
centrep  It  contains  the  inferior  dental  vessels  and  nerve,  from  which  branches  are 
distributed  to  the  teeth  through  small  ajicrttirevS  at  the  bases  of  the  alveoli.     The 
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lower  border  of  the  raraus  is  thick,  8tnii^it,  iinil  coatinTioiis  with  the  body  of  the 
bone.  At  its  junction  with  tlie  posteriyr  bonier  h  the  *tfigie  of  the  jaw,  which  is 
either  inverte*!  or  everted,  and  marked  by  rough,  obliiiue  ridges  on  each  side,  for 
the  attachment  of  the  Masseter  externally,  and  the  Internal  pterygoid  internally  ; 
the  stylo-maxillary  ligament  is  attached  to  the  binie  between  these  muscles.  The 
tiMerior  border  h^  thin  above,  thicker  behiw,  an*!  Ci*ntiniioU8  with  the  external 
oblique  line.  The  posterior  harder  is  thick,  smooth,  rounded,  and  covered  by  the 
parotid  gland.  The  upper  border  of  the  ramus  is  thin,  and  presents  two  processes, 
separated  by  a  deep  concavity,  the  Higmoid  noteh*  <Jf  these  processes,  the  anterj«>r 
is  the  coronoid^  the  posterior  the  eo tub f fold. 

The  CoronoM  Process  is  a  tfiin,  flattened,  triangular  eminence  of  bone,  whicl 
varies  in  shape  and  size  in  different  subjects,  and  serves  chiefly  for  the  attachment 
of  the  Temporal  muscle.  Its  external  Hurface  is  smooth,  and  afl^ords  attachment 
to  the  Temporal  muscle.  Its  tnterna!  sitrfaee  gives  attsicbment  to  the  Tenqioral 
mtiscle,  and  presents  the  commencement  of  a  longitydinal  ridge,  which  is  continued 
to  the  posterior  part  of  the  alveolar  process.  On  the  outer  side  of  this  ridge  is  a 
deep  groove,  continued  beh:>vv  on  the  onter  side  of  the  alveolar  process  ;  this  ridge 
and  part  of  the  groove  afford  attuchraent,  above,  to  the  Temporal;  below,  to  the 
Buccinator  muscle. 

The  CoEdyloid  Process,  shorter  but  thicker  than  the  coronoid,  consists  of  two 
portions :  the  conJi/le,  and  the  constricted  portion  which  supports  the  condyle,  the 
neck.  The  condt/le  is  of  an  ohhmg  form,  its  long  axis  being  transverse,  and  set 
obliiptely  on  the  net^k  in  such  a  manner  that  its  outer  end  is  a  little  more  forward 
and  a  little  higher  than  its  inner.  It  is  omvex  from  bef<uT  backward  and  from 
side  to  side,  the  articular  surface  extending  farther  on  the  posterior  than  on  the 
anterior  aspect.  The  neek  of  the  condyle  is  fattened  from  before  backward,  and 
strengthenevi  by  ridges  which  descend  from  the  fore  part  and  sides  of  the  condyle. 
Its  lateral  margins?  are  narnnv,  and  present  externally  a  tubercle  for  tht^  external 
lateral  ligament.  Its  posterior  surface  is  convex  ;  its  anterior  is  hollowed  out 
on  its  inner  side  by  a  depression  (the  ptert/t/oid  fosaa),  for  the  attachment  of  the 
External  pterygoid. 

The  Sigmoid  Notch,  separating  the  two  processes,  is  a  deep  semilunar  depres- 
sion, crossed  by  the  masse terie   vessels  and  nerve. 

Development. — The  lower  jaw  is  developed  principally  from  membrane,  but 
partly  from  cartilage.  Tlie  process  of  ossification  commences  early — ^before,  indeed* 
any  hime  except  tlie  clavicle.  Between  the  fifth  and  sixth  week  a  centre  of  ossi- 
fication appears  in  the  membrane  on  the  outer  surface  of  fleckers  cartilage  (see 
page  118),  from  which  the  greater  j>art  of  the  bone  is  formed.  A  second  centre 
appears  in  the  membrane  on  the  inner  surface  of  the  tooth-sockets,  from  which  the 
inner  ivall  of  the  sockets  of  the  teeth  is  formed  ;  this  terminates  above  in  the  lingnla. 
The  interior  extremity  of  ileckeVs  cartilage  becomes  ossified,  forming  the  body 
of  the  bone  on  each  side  of  the  symphysis.  And.  fimtlly,  two  supplemental  patches 
of  cartilage  apjiear  at  the  condyle  and  at  the  angle,  in  which  centres  of  ussifleation 
for  these  parts  a[jpear.  At  birth  the  bone  consists  of  two  halves,  united  by  a 
fibrous  symphysis,  in  which  ossification   takes  place  during  the  first  year. 

Articulation. — With  the  glenoid  fossee  of  the  two  temporal  bones. 

Attachment  of  Muscles.— To  fifteen  pairs  :  to  its  external  surface,  eomnieneing 
at  the  sym[diysis,  and  proceeding  backward  :  Levator  menti,  Depressor  labii  infe- 
rioris,  Deinessor  anguli  arh,  Platysma  myoides.  Buccinator,  Masseter ;  a  jtortion 
of  the  Orbicularis  oris  (Accessorii  orbicularis  inferioris)  is  also  attached  to  this 
surface.  To  its  internal  surface,  commencing  at  the  same  point :  Genio-hyo- 
glossus,  Genio-hy<udeus,  Mylo-hyoidetis,  Digastric,  Superior  constrictor.  Temporal, 
Internal  pterygoid,  External  pterygoid. 


CHANGES  PRODUCED  IN  THE  LOWER  JAW  BY  AOE. 

The  ehaiifres  which  the  lower  jaw  uiKlemoes  after  birth  relate  (1 )  to  the  alterations  effected 
in  the  bcMly  of  the  boue  by  the  first  and  secoatl  dentitions,  tlie  loss  of  the  teeth  in  the  aged,  and 
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Side  View  of  the  Lower  Jaw  at  Different  Periods  of  Life. 


Fio.  168.— At  birth. 


Fig.  170.— In  the  adult. 


Fio.  171.— In  old  age. 
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the  siibsequciit  alisorptiiui  of  ilie  alveoli ;  (2)  tmlie  size  and  situation  uf  the  dental  canal:  and  (3) 
tfi  the  an^le  at  which  tlie  nmiui*  joins  with  the  b«>rly. 

At  birth  (Fi^^  ITiSj  the  htme  cunsii^tii  of  lateral  halves,  united  hy  fibrous  tissue*  The  body 
is  u  mere  gliell  of  bono,  roiiiaiinnir  the  sockets  of  the  two  incmir,  the  eaniiie,  and  the  two  tem- 
porary molar  teeth,  iujfterfeftly  partitioned  from  one  iinutlier.  The  dental  eauul  h  of  krsre  size, 
and  runs  near  the  lower  border  id*  the  bone,  the  mental  tViranien  openioir  henuath  the  Sficket  of 
the  first  mohin  The  angle  is  obtui^e  ( 175^1,  and  the  eondyloid  portion  nearly  in  the  same  hc»n- 
xontal  line  with  the  body  :  the  neek  of  the  condyle  h  short,  and  bent  baekwimi,  Tfie  coronoid 
proiess  is  of  com i>ara lively  lar,Lre  size,  and  situated  at  rijt^ht  angles  with  the  rest  of  the  l>t»rie, 

A/frr  Urih  (I<ig.  169)  the  two  sefi?menti=i  of  the  bone  bcn-ouie  joined  at  the  symphysis,  from 
below  upward,  in  the  lirst  year  ;  but  a  triy?e  of  Remration  may  he  visible  in  the  heginninc  of  the 
second  year  near  tlic  alveolar  margin.  The  body  bewniie8  elongated  iti  its  whole  length,  but 
more  especially  behind  the  mental  foramen,  to  provide  space  i'or  the  three  additional  teeth 
developed  in  this  part.  The  depth  of  tlte  body  bee^jmes  ere^tter.  owing  to  in<  rented  growth  of 
the  alveolar  part^  to  aff(>rd  room  tor  the  fangs  of  the  teeth,  and  by  thiekening  of  the  i^ulxlentjd 
portion,  whieh  enables  the  jaw  to  withstand  the  powerful  action  of  the  mastieatory  muscles;  but 
the  alveolar  portion  is  the  deeper  of  the  two,  and,  eonsequently,  the  chief  part  of  the  Ijody  lies 
above  the  oblimie  line.  The  dental  canal  after  the  hmvond  dentitioti  is  situated  juirt  above  ilie 
level  of  the  mylo-hyoid  ridge,  and  the  mental  foramen  occupies  the  poj^ition  usual  tort  in  the 
adult.  The  angle  becomes  leas  obtuse,  owing  to  the  fleparation  of  the  jaws  by  the  teetk 
(About  the  fourth  year  it  is  140"^.) 

In  the  iiihdf  (Fig.  170)  the  alveolar  and  basilar  portions  of  the  b(Mly  are  usually  of  etjual 
depth.  The  ujcntal  furamen  opens  mi<lw!iv  between  the  upj>er  and  lower  border  of  the  lM*ne. 
and  the  dental  canal  runs  nearly  parallel  with  the  niylo-hyold  line.  The  ramus  is  almost  vertic;d 
in  direction,  and  joins  the  body  nearlv  at  right  angles. 

Ill  old  ttfje  {F\^.  171)  the  Iwne  becomes  greatly  reduced  in  size;  for  with  the  loss  of  the 
teeth  the  alveolar  pn m'c.ss  is  abs^krbeil,  and  the  btisilar  part  of  the  bone  alone  remains;  conse- 
ouently,  tlic  chief  part  of  the  bone  is  hrhw  the  oblique  line.  The  dental  canal,  with  the  mental 
foramen  openinic  from  it,  is  elos<^  to  the  alveolar  border.  The  rami  are  oblique  in  direction,  the 
angle  obtuse,  and  the  neck  of  the  condyle  more  or  le^  bent  backward. 


The  Sutures. 

The  bones  of  the  cranium  and  face  are  connected  to  each  other  by  means  of 
SuturfHt,  That  is.  the  articulating  surfaces  or  edges  of  the  bones  are  more  or  less 
roughened  or  uneven,  and  are  closely  adapted  to  eaeli  other,  a  small  amount  of 
intervening  fibrous  tissue  fastening  them  together*  The  Cranial  Sutures  may  be 
divided  into  three  sets  :  1.  Those  at  the  vertex  of  the  skull  2.  Those  at  the  side 
of  the  sktill.     3.  Those  at  the  base. 

The  sutures  at  the  vertex  of  the  ekuU  are  three :  the  gagittal^  coronal,  and 
IfimhdfftfL 

The  Sagittal  Suture  (intirparicfa?)  is  formed  by  the  junction  of  the  two  parietal 
bones,  and  extends  from  the  middle  of  the  frontal  bone  backward  to  the  snf^erior 
angle  of  the  occipitaL  In  ehildhoi)d,  and  occasiijnally  in  the  adult,  when  the  two 
halves  of  the  fronted  bone  ttre  not  united,  it  is  continued  forward  to  the  root  of 
the  nose.  This  suture  is  sometimes  perforated,  near  its  posterior  extremity,  by 
the  parietal  foramen ;  and  in  front,  where  it  joins  the  coronal  suture,  a  space  is 
occasionally  Iri't   which  encloses  a  large  Wormian  bone. 

The  Ooronal  Suture  {frontO'pan'etaf)  extends  transversely  across  the  vertex  of 
the  skull,  and  connects  the  frontal  with  the  parietal  bones.  It  commences  at  the 
extremity  of  the  greater  wing  of  the  sjihenoid  on  one  side,  and  terminates  at  the 
same  point  on  the  o|iposite  side.  The  dentations  of  the  suture  are  more  marked 
at  the  sides  than  at  the  summit,  and  are  so  constructed  that  the  frontal  rests  on 
the  parietal  above,   whilst  laterally  the  frontal  suj:*ports  the  parietal. 

The  Lambdoid  Suture  (oceipito-pffrirlal),  so  called  from  its  resemblance  to  the 
Greek  letter  .i,  connects  the  occi|dtal  with  the  parietal  bones.  It  commences  on 
each  side  at  the  mastoid  portion  of  the  temporal  bone,  and  inclines  uyiward  to  the 
end  of  the  sagittal  suture.  The  dentations  of  this  suture  are  very  tieep  and  dis* 
tinct,  and  are  often  interrupted  by  severnl  suuill  Wormian  bones. 

The  sutures  at  the  side  of  the  skull  extend  from  the  external  angular  process 
of  the  frontal  bone  to  the  b)wer  end  of  the  himbdoid  suture  behind.  The  anterior 
portion  is  formed  between  the  hiteral  part  of  the  frontal  bone  above  and  the  malar 
and  great   wing  of  the    sphenoid   below,   forming    the   fnatfo-jnalar  and  fronton 
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sphenoidal  sutures.  These  sutures  can  also  be  seeu  in  the  orbit,  and  form  part  of 
the  9f>called  tranttverse  facial  suture.  The  posterior  portion  is  formed  between  the 
[larietal  bone  above  and  the  great  wing  of  the  spht*noi J,  tbea([uamous  and  mastrnd 
porttoD^  of  the  temporal  bone,  forming  the  spheno-parietal,  Bqaamo-parietaU  and 
majitif-parietal  sutures. 

The  Spheno-paiietal  is  very  shnrt;  it  is  formed  by  the  tip  of  the  great  wing  of 
the  sphenoid,  which  overlaps  the  anterior  inferior  angle  of  the  parietal  bone. 

The  SquamO'parietal,  or  Squamous  Suture^  is  arched.  It  is  formed  by  the 
,  flquamous  portion  of  the  temporal  bone  overlapping  the  middle  division  of  the 
^lawer  border  of  the  parietal. 

The  Masto-parietal  is  a  short  suture,  deeply  dentated,  formed  by  the  posterior 
inferior  angle  of  the  parietal  and  the  superior  border  of  the  mastoid  }>ortion  of  the 
temponiL 

The  sutures  at  the  base  of  the  skull  are  the  basilar  in  the  centre,  and  on  each 
side  the  pftro-oceij/lta I ^  the  ma^to^txipital^  the  petro-sphcnoidal^  and   the  Hfjuawo- 

^phrHoiihlL 

The  Basilar  Suture  is  formed  by  the  junction  of  the  basilar  smface  of  the 
occipital  bone  with  the  posterior  surface  of  the  body  of  the  sphenoid.  At  an  early 
period  of  life  a  thin  plate  of  cartilage  exists  between  these  bones,  but  in  the  adult 
they  become  fused  into  one.  Between  the  outer  e.\tremity  of  the  basilar  suture 
and  the  termination  of  the  kmbdoid  an  irregular  suture  exists,  which  is  subdivided 
into  two  portions.  The  inner  portion,  formed  by  the  union  of  the  petrous  part  of 
tJie  temporal  with  the  occi|utal  bone,  is  termed  the  petro -occipital.  The  outer 
portion^  formed  by  the  junction  of  the  mastoid  part  of  the  temporal  with  the 
occipital,  is  called  the  masto-occipital.  Between  the  bones  forming  the  petro- 
occipital  suture  a  thin  plate  of  cartihigo  exists;  in  the  masto-occipital  is  oeca- 
gionally  found  the  opening  of  the  mastoid  foramen.  Between  the  outer  extremity 
of  the  basilar  suture  and  the  s[)heno-parietal  an  irregular  suture  may  be  seen, 
formed  by  the  union  of  the  sphenoid  with  the  temporal  bone.  The  inner  and 
smaller  portion  of  this  suture  is  termed  the  petro -splienoidal ;  it  is  formed  between 
the  petrous  portion  of  the  temporal  and  the  great  wing  of  the  sphenoid :  the  outer 
portion,  of  greater  length  and  arched,  is  formed  between  the  Sfjuamous  portion 
of  the  tcm[>oral  an<l  the  great  wing  of  the  sphenoid ;  it  is  called  the  sauamo- 
spbenoidaL 

The  cranial  bones  are  connected  with  those  of  the  face,  and  the  fucial  liones 
with  each  other,  by  numerous  sutures,  which,  though  distinctly  marked,  have 
received  no  special  names.  The  only  remaining  suture  deserving  especial  con- 
sideration is  the  transverse.  This  extends  across  the  upper  part  of  the  face,  and 
is  formed  by  the  junction  of  the  frontal  with  the  facial  bones  :  it  extends  fnuu  llie 
external  angular  process  of  one  side  to  the  same  point  on  the  o[»posite  side,  ami 
connects  the  fnrntal  with  the  malar,  the  sphenoid,  the  ethmoid,  the  lachrymal,  the 
superior  maxillary,  and  the  nasal  bones  on  each  side. 

The  sutures  remain  separate  for  a  considerable  |serii>d  after  the  com|>lete  for- 
mation of  the  skull.  It  is  probable  that  they  serve  the  |iurpose  of  permitting  the 
growth  of  the  bones  at  their  margins,  while  their  ]>eculiar  fonnation,  together 
with  the  interposition  of  the  sutural  ligaiuetit  between  the  bones  forming  them, 
prevents  the  dispersion  of  blows  or  jtus  received  upon  the  skull.  Humphry 
remarks,  "that,  as  a  general  rule,  the  sutures  are  first  obliterated  at  the  parts  in 
which  the  ossification  <if  the  skull  wos  last  completed — viz.  in  the  neighborhood 
of  the  fontanelles  ;  und  the  cranial  bones  seem  in  this  respect  to  observe  a  similar 
law  to  that  which  regidates  the  union  of  tlie  epii>hyses  to  the  shafts  of  the  long 
bones."  The  same  author  remarks  that  the  time  of  their  disappearance  is 
extremely  variable :  they  are  sometimes  found  well  marked  in  skulls  edentulous 
with  age,  while  in  others  which  have  only  just  reached  maturity  they  can  hardly 
be  traced. 
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THB  SKITIiL  AS  A  WHOLE. 
The  Skull,  formed  by  the  union  ♦if  the  .several  cranial  and  facial  bones  already 
described,  when  considered  as  a  whule  is  divisible  into  five  regions:  a  siijierior 
region  or  vertex,  an  inferior  region  or  base,  two  lateral  regions,  and  an  interior 
region*  the  face. 

The  Vertex  of  the  Skull. 

The  Superior  Region,  or  Vertex,  presents  two  surfciees,  an  external  and  an 
internal. 

The  external  surface  is  bounded,  in  front,  bv  the  glabella  and  supraorbital 
ridges;  behind,  by  the  occipital  protoberant!e  and  superior  curved  lines  of  the 
occipital  bone;  laterally,  by  au  imaginary  line  extending  from  the  outer  end  of 
the  superior  curved  line,  along  the  temporal  ridge,  to  the  external  angular  process 
of  the  frontal.  This  surface  includes  the  vertical  portion  of  the  frontal,  the 
greater  part  of  the  parietal,  and  the  sujierior  third  of  the  occipital  bone ;  it  is 
smootlu  convex,  of  an  elongated  oval  form,  crossed  transversely  hy  the  coronal 
suture,  and  from  before  backward,  by  the  sagittal,  which  terminates  behind  in  the 
lambdoid.  The  point  of  junction  of  the  coronal  anfl  sagittal  sutures  is  named 
the  bregma^  and  is  represented  by  a  line  drawn  vertically  upward  from  the  exter- 
nal autlitory  meatus,  the  head  being  in  its  normal  position-  The  point  of  junc- 
tion of  the  sagittal  and  lamlnloid  sutures  is  called  the  lambda,  and  is  about  2J 
inches  above  the  external  occi[ii!al  |»rotuherance.  From  before  backward  may  be 
seen  the  frontal  eminences  and  remains  of  the  suture  connecting  the  two  lateral 
halves  of  the  frontal  bone ;  on  each  side  of  the  sagittal  stiture  are  the  parietal 
foramen  and  parietal  eminence,  and  still  more  posteriorly  the  convex  surface  of 
the  occipital  hone.  In  the  neighborliood  of  the  jiarietal  foramen  the  skull  is  often 
flattened,  and  to  this  region  the  name  of  obt^lion  is  someiiuies  given. 

The  Internal  surface  is  concave,  presents  eminences  and  depressions  for  the 
convolutions  of  the  cerebrum,  and  ntmierous  furrows  for  the  lodgmt^nt  of  branches 
of  the  meningeal  arteries.  Along  the  middle  line  of  this  surface  is  a  longitudinal 
groove,  narrow  in  front,  where  it  commences  at  the  frontal  crest,  but  broader 
behind,  where  it  lodges  the  superior  longitudinal  sinus,  and  by  its  margin  affords 
attachment  to  the  falx  cerebri.  On  either  side  of  it  are  several  depressions  for 
'the  Pacchionian  bodies,  and  at  its  hack  part  the  internal  openings  of  the  parietal 
foramina.  This  surface  is  crossed,  in  front,  by  the  coronal  suture;  from  before 
backward  by  the  sagittal ;  behind,  by  the  lambdoid. 


The  Base  of  the  Skull 

The  Inferior  Region,  or  Base  of  the  Skull,  presents  two  surfaces^^ — an  internal 
or  cerehrai,  and  an  external  or  basilar. 

The  internal  or  cerebral  surface  (Fig.  172)  presents  three  fossae,  called  the 
antettryr,  muhlh\  and  i*mttriur  fossie  of  the  cranium. 

The  Anterior  Fossa  is  formed  by  the  orbital  pdates  of  the  frontal,  the  cribri- 
form jdate  of  the  ethmoid,  the  anterior  third  of  the  superior  surface  of  the  body, 
and  the  upper  surface  of  the  lesser  wings  of  the  sphenoid.  It  is  the  most  elevated 
of  the  three  fossci?,  convex  externally  where  it  corresjwnds  to  the  roof  of  the  orbit, 
concave  in  the  median  line  in  tiie  situation  of  the  cribriform  plate  of  the  ethmoid. 
It  is  traverse*!  by  three  sutures,  the  eihmo-froittal,  ethvfo~»pfH-nokhil,  and  fronto- 
stphenoidai,  and  lodges  the  frontal  lobe  of  the  cerebrum.  It  presents,  in  the 
median  line,  from  before  backward,  the  commencement  of  the  groove  for  the 
superior  longitudinal  sinus  and  the  frontal  crest  for  the  attachment  of  the  falx 
cerebri;  iheftframeN  cfrtmm,  an  aperture  formed  between  the  frontal  bone  and  the 
crista  galli  of  the  ethmoid,  which,  if  pervious,  transmits  a  small  vein  from  the  nose 
to  the  superior  longitudinal  sintis;  behind  the  foramen  c;i?eiim,  the  /^n'sla  i/alli,  the 
posterior  margin  ^>f  which  affords  attachment  to  the  falx  cerebri ;  on  either  side  of 
the   crista  galli,  the   ulfaetorif  groovt\  which   supports   the   bulb   of  the  olfactory 
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the  slit-like  opening  above  mentioned ;  whilst  the  posterior  ethmoidal  foraraen 
ojiens  at  the  hack  part  of  this  margin  under  cover  of  the  projeeting  lamina  of  the 
sphenoid,  and  transmits  the  posterior  ethmoidul  vessels.  Farther  back  in  the 
middle  line  is  the  ethmoithd  sphte,  bounded  behind  by  an  elevated  ridge,  i^epa^ 
rating  two  longitudinal  grooves  which  supfxirt  the  oUactory  tracts.  Behind  this 
is  a  transverse  sharp  ridge,  running  outward  on  either  side  to  the  anterior  margin 
of  the  optic  foramen,  and  separating  the  anterior  from  the  middle  fossa  of  the 
base  of  theskulL  The  anterior  fossa  jiresents,  laterally,  eminences  and  depressions 
for  the  convolutions  of  the  brain  and  grooves  for  the  lodgment  of  the  anterior 
meningeal  arteries. 

The  Middle  Fossa,  somewhat  deeper  than  the  preceding,  is  narrow  in  the 
middle  line,  but  becomes  wider  at  the  side  of  the  skull.  It  is  boundcnl  in  front  by 
the  posterior  margin  of  the  lesser  wing  of  the  sphenoid,  the  anterior  clinoid  process, 
and  the  ridge  forming  the  anterior  margin  of  the  optic  groove  ;  behind,  by  the 
superior  border  of  the  petrous  portion  of  the  temporal  and  the  dorsum  efdiippi; 
externally  by  the  scjuamous  j»ortion  of  the  tem]K*ral,  anterior  inferior  angle  of  the 
parietal  bime,  and  greater  wing  of  the  sphenoid.  It  is  traversed  by  four  sutures, 
the  sijuamo-parietal,  spheno-|>anetaU  sijuamo-Sfdienoidal,  and  petro-sphenoidal. 

I9  the  middle  line,  from  before  backward,  is  the  optic  (froove^  which  supports 
the  optic  commissure,  aud  terminates  on  each  side  in  the  optic  foramen,  ff>r 
the  jiassage  of  the  optic  nerve  and  ophthalmic  artery ;  behind  the  optic  groove 
is  the  olivan/  proe*'m^  and  laterally  the  tinterior  eiinoitl  prof^esmn^  to  which 
are  attached  processes  of  the  tentorium  cerebelli.  Farther  back  is  the  arlla 
turcica^  a  deep  depression  which  lodges  the  pituitary  gland,  bounded  in  front 
by  a  small  eminence  on  either  side,  the  middle  elinmd  procvHn,  and  behind  by  a 
broad  square  plate  of  bone,  the  dorsum  cphippi,  surmounted  at  each  superior 
angle  by  a  tubercle,  ilie  posterior  clinoid  proee»» ;  beneatli  the  lalter  jirocess  is  a 
notch,  for  the  sixth  nerve.  On  each  side  of  the  sella  turcica  is  the  vavemoitM 
roove :  it  is  broad,  sh alb mv,  and  curved  somewhat  like  the  italic  letter/;  it 
Commences  behind  at  the  foramen  lacenim  medium,  and  terminates  on  the  inner 
side  of  the  anterior  clinoid  process,  and  presents  along  its  outer  margin  a  ridge  of 
bone.  This  groove  lodges  the  cavernous  sinus,  the  internal  carotid  artery,  and 
the  nerves  of  the  orbit.  The  sides  of  tlic  middle  fossa  are  of  considerable  depth: 
they  present  eminences  and  depressions  for  the  convolutions  of  the  brain  and 
grooves  for  the  brandies  of  the  middle  nieningea!  artery  ;  the  latter  commence 
on  the  outer  side  of  the  foramen  spinostnn,  and  consist  of  two  large  branches,  an 
anterior  and  a  posterior;  the  former  passing  upward  and  forward  to  the  anterior 
inferior  angle  of  the  parietal  bone,  the  latter  |iassing  upward  and  backward. 
The  following  foramina  may  also  be  seen  froiu  before  backward  :  Most  anteriorly 
is  the /onunen  laeeno/t  totterins.  or  sphfnoidftl  fimure^  formeil  above  by  the  lesser 
wing  of  the  Sfihenuid  ;  bebiw,  by  the  greater  wing  ;  internally,  by  the  body  of  the 
sphenoid  ;  and  sometimes  ctmifjleted  externally  by  the  orbital  plate  of  the  frontal 
bone.  It  transmits  the  third,  the  fourtli.  the  three  branches  of  the  ophthalmic 
division  of  the  fifth,  the  sixth  nerve,  some  filaments  from  the  cavernous  plexus  of 
the  symjjathetic,  the  orbital  branch  of  the  middle  meningeal  artery,  a  recurrent 
branch  fmm  the  laehrynuil  artery  to  the  dura  mater,  and  the  o[ihthalmic  vein. 
Behind  the  inner  extremity  of  the  sphenoidal  fissure  is  ilwforameti  rotinuhimy  for 
the  passage  of  the  second  division  of  the  fifth  or  superior  maxillary  nerve ;  still 
more  posteriorly  is  .seen  a  small  orifice,  the  foramen  Vi'»ttlii^  an  opening  situated 
between  the  foramen  rotundum  and  ovale,  a  little  internal  to  both;  it  varies  in  size 
in  difTerent  individuals,  and  is  often  absent ;  when  present,  it  transmits  a  small  vein. 
It  ojiens  below  into  the  pterygoid  fossa,  just  at  the  outer  side  of  the  scaphoid 
dei^ression.  Behind  and  external  to  the  hitter  o|>ening  is  the  forfi men  ovale,  which 
transmits  the  third  division  of  the  fifth  or  inferior  maxillary  nerve,  the  small 
meningeal  artery,  and  the  small  petrosal  nerve. ^  On  the  outer  side  of  the  foramen 
ovale  is  the  foramen  upino^um^  for  the  passage  of  the  middle  meningeal  artery ;  and 


*  See  footnote,  p.  182. 
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on  the  inner  side  of  tlie  foraraeu  ovale,  the  foramen  lacerum  medium.  This 
aj>orture  is  filled  up  with  fibrous  tissue  in  the  recent  state*  The  Vidian  nerve 
and  li  meningeal  branch  from  the  ascending  pharyngeal  artery  pien:e  this 
cartilage.  On  the  anterior  surface  of  the  petrous  portion  of  the  temporal  hone  is 
seen,  from  without  inward,  the  eminence  caused  by  the  projection  of  the  superior 
iiemieircular  canal ;  outside  this  a  depression  corresponding  to  the  roof  of  the 
tympaninn  ;  the  groove  leading  to  the  hiatus  Fallopii,  for  the  transmission  of  the 
petrosal  branch  of  the  Vidian  nerve  and  the  petrosal  branch  of  the  middle 
meningeal  artery;  beneath  it,  the  smaller  groove,  for  the  passage  of  the  leaser 
petrosal  nerve;  and,  near  the  apex  of  the  bone,  the  depression  for  the  Gasserian 
ganglion ;  and  the  orifice  of  the  carotid  canal,  for  the  passage  of  the  internal  carotid 
artery  and  carotid  plexus  of  nerves. 

The  Posterior  Fossa,  deeply  concave,  is  the  largest  of  the  three,  and  situated 
on  a  lower  level  than  either  of  the  [>reeeding.  It  is  formed  by  the  posterior  third 
of  the  superior  surface  of  the  body  of  the  sphenoid,  by  the  occipital,  the  petrous 
and  mastoid  portions  of  the  temporal,  and  the  posterior  inferior  angle  of  the 
parietal  bone;  it  is  crossed  by  four  sutures,  the  petro-occipital,  themasto-occipital, 
the  mast Q-parie tab  and  the  basilar;  and  hedges  the  cerebellum,  pons  Varolii,  and 
medulla  oblongata.  It  is  separated  from  the  middle  fossa  in  the  median  line  by 
the  dorsum  ephippii,  and  on  each  side  by  the  superii*r  border  of  the  petrous  portion 
of  the  temporal  bone.  This  border  serves  for  the  attachment  of  the  tentorium 
cerebelli,  is  grooved  for  the  superior  petrosal  sinus,  and  at  its  inner  extremity 
presents  a  notch,  upon  which  rests  the  fifth  nerve.  The  circumference  of  the 
fossa  is  bounded  posteriorly  by  the  grooves  for  the  lateral  sinuses.  In  the  centre 
of  this  fossa  is  the  foramen  mafpiitm,  bounded  on  either  side  by  a  rough  tubercle, 
which  gives  attachment  to  the  odontoid  or  check  ligaments;  and  a  little  above 
these  are  seen  the  internal  openings  of  the  anterior  efmfh/lonf  forarmna^  through 
which  pass  the  hypoglossal  nerve  and  a  meningeal  branch  from  the  ascending 
pharyngeal  artery.  In  front  of  the  foramen  magnum  is  a  grooved  surface,  fonned 
by  the  basilar  process  of  the  occipital  bone  and  by  the  posterior  third  of  the  superior 
surface  of  the  body  of  the  splicnoid,  which  supfiorts  the  niediilla  (oblongata  and 
poDB  Varolii,  and  articulates  on  each  side  with  the  fietroiis  portion  of  the  temporal 
bone,  forming  the  petn.M>ccipital  suture,  the  ^interior  half  nf  which  is  grooved  for 
the  inferior  petrosal  sinus,  the  posterior  half  being  encroached  upon  by  ihe  foramen 
laeerum po^teruiB^  or  jutptlar foramen.  This  foramen  presents. three  compartments : 
through  the  anterior  passes  the  inferior  petrosal  sinus;  through  the  posterior,  the 
lateral  sinus  and  some  meningeal  branches  from  the  occipital  and  ascending 
pharyngeal  arteries;  and  through  the  middle,  the  glosso-pharyngeal,  pneumo- 
gastric,  and  spinal  accessory  nerves.  Above  the  jugular  foramen  is  the  i/iferintl 
auJitortf  meatus,  for  the  facial  and  auditory  nerves  and  auditory  artery :  behind 
and  external  to  this  is  the  slit-like  opening  leading  into  the  aquieductus  vcstibuli; 
whilst  between  the  two  latter,  and  near  the  superior  border  of  the  petrous  portion, 
is  a  small,  triangular  ilepression  which  lodges  a  [process  of  the  dura  mater  and 
occasionally  transmits  a  small  vein  into  the  substance  of  the  hone,  Beliind  the 
foramen  magnum  are  the  inferior  oeeipital  fonm\  whifh  lodge  the  hemispheres  of 
the  cerebellum,  separated  from  one  another  by  the  Intermd  oeeiftitaf  crest,  which 
res  for  the  attachment  of  the  falx  cerebelli  and  lodges  the  occipital  sinus*  The 
posterior  fossae  are  surmounted,  above,  by  the  deep  transverse  grooves  for  the 
loilgment  of  the  lateral  sinuses.  These  channels,  in  their  jiassage  outward, 
groove  the  occipital  bone,  the  posterior  inferior  angle  of  the  ]>arietal,  the  mnstoid 
portion  of  the  temporal,  and  the  jugular  process  of  the  occipital,  and  terminate  at 
the  back  part  of  the  jugular  foramen.  Where  this  sinus  grooves  the  mastoid  jiortion 
of  the  temporal  bone  the  orifice  of  the  maaioid  furamen  may  be  seen,  and  just 
previous  to  \X&  termination  it  hiis  opening  into  it  the  posterior  eondt/loid  foramen. 
Neither  foramen  is  constant. 

The  External  Surface  of  the  Base  of  the  Skull  (Fig.  173)  is  extremely  irregular. 
It  is  bounded  in  front  by  the  incisor  teeth  in  the  upper  jaws ;   behind  by   the 


the  cavities  varying  in  depth  and  size  according  to  the  teeth  they  contain, 
ediatelv  behind  the  incisor  teeth  is  the  anterior  palatine  foHga,  At  the  bottom 
is  fo58a  may  usually  be  seen  four  apertures:  two  placed  laterally^  the foramifia 
^ien»o}L,  which  open  above,  one  in  the  floor  of  each  nostril,  and  transmit  the 
rior  branch  of  the  posterior  palatine  vessels,  and  two  in  the  median  line  in 
ntermaxiliary  suture,  the  foramina  of  Scarpa,  one  in  front  of  the  other,  the 
rior  transmitting  the  left,  and  the  posterior  (the  larger)  the  right,  naso-palatine 
e*  These  two  latter  eanuls  are  sometimes  wanting,  or  they  may  join  to  form 
gle  one,  or  one  of  them  may  open  into  one  of  the  lateral  canals  above  referred 
The  palatine  vault  is  concave,  uneven,  perforated  by  numerons  foramina, 
:ed  by  depressions  for  the  palatine  glands,  and  crossed  by  a  crucial  suture, 
ed  by  the  junction  of  the  four  bones  of  which  it  is  cum[)(»sed.  At  the  frrmt 
of  this  surface  a  delicate  linoar  suture  may  frcijuently  be  seen,  marking  off 
)re-maxiUary  portion  of  the  bone.  One  or  two  small  forMmina  in  the  alveolar 
^n  behind  tfce  incisor  teeth,  occasbnally  seen  in  the  adult,  almost  constantly  in 
g  subjects,  are  called  the  ineisive  fiframitia  :  they  transmit  nerves  and  vessels 
e  incisor  teeth.  At  eaoh  posterior  angle  of  the  hard  palate  is  the  posterior 
Hue  foramen y  for  the  transmission  of  the  posterior  palatine  vessels  and  large 
mding  palatine  nerve;  and  running  forward  and  inward  from  it  a  groove,  for 
ame  vessels  and  nerve.  Behind  the  posterior  [lalatine  foramen  is  the  iuberoaitif 
€  palate  bone,  perforated  by  one  or  more  accessory  posterior  palatine  canals, 
marked  by  the  commencement  of  a  ridge,  which  nms  transversely  inward,  and 
*s  for  the  attachment  of  the  tendinous  exjiansion  of  the  Tensor  palati  muscle. 
^ting  backward  from  the  centre  of  the  posterior  border  of  the  hard  yalate  is 
t>09terior  nasal  spifH\  for  the  attachment  of  the  Azygos  nviilie.  Behind  and 
^be  hard  palate  is  the  posterior  apertnre  of  the  nares,  divided  into  two  parts 
Hvomer,  bounded  above  by  tho  body  of  the  sphenoiil,  below  by  the  horizontal 
njf  the  palate  bime,  and  latenilly  by  the  pterygoid  processes  of  the  sphenrud, 
I  apertnre  measures  about  an  inch  ami  a  ijuiirter  in  the  vertical  and  iibout 
an  inch  in  the  transverse  direction.  At  the  base  of  the  vumer  may  bo  seen 
►xpandefl  ahe  of  this  bcme,  receiving  between  them  the  rostrum  of  the  sphenoid* 
•  the  lateral  Tuargins  of  the  vomer,  at  the  root  of  the  })terygoid  processes,  are 
{^terffffo-palafine  eanah.  The  pterygoid  process,  which  brninds  the  posterior 
I  on  each  side,  presents  near  its  base  the  pterygoid  or  Vidian  canals  for  the 
an  nerve  and  artery.  Each  process  consists  of  two  plates,  which  biftircate  at 
fxtremity  to  receive  the  tuberosity  of  tlie  |ia]atebone.  and  are  separated  bebind 
16  pterygoid  fossa,  which  lodges  the  Internal  pterygoi<l  muscle,  Tbc  internal 
and  narrow,  presenting  on  the  outer  side  of  its  bsise  the  scaphoid  fusaa^ 


to  the  spinous  process  is  the  glenoid  fossa,  divided  into  two  parts  by  the  Glaserian 
fissiare  (page  176),  the  anterior  portion  concave,  smooth,  bounded  in  front  by  the 
emint'utia  Hrficularis,  and  serving  for  the  iirtiuulatirm  of  the  condyle  of  the  lower 
jaw ;  the  posterior  portion  rough*  hounded  heliind  by  the  tympanic  plate,  and 
serving  for  the  reception  of  part  of  the  jiarotid  gland.  Emerging  from  between  the 
lam i me  of  the  vaginal  process  of  the  tympanic  jdate  is  the  sh/lokf  pr<itu'Si^^  and  at 
the  base  of  this  jjr<»cess  is  the  »t//lo-mastoid  foramen^  for  the  exit  of  the  facial  nerve 
and  entrance  of  the  stylo-mastoid  artery.  External  to  the  stylo*mastoid  foramen  is 
the  auricular  fisfture,  for  the  auricular  branch  of  the  pueumogastric*  bounded  behind 
by  the  mastoid  process.  Upon  the  inner  side  of  the  mastoid  process  is  a  deefi 
groove,  the  dtt^astric  fosm  ;  and  a  little  more  iuternally  thQ  oeeipifal  groave,  for  the 
occi|tital  artery.  At  the  base  of  the  internal  pterygoid  plate  is  a  large  and  somewhat 
triangular  aperture,  the  foramen  laeejum  mediunu  bounded  in  front  by  the  great 
wing  of  the  wjyhenoid,  behind  by  the  apex  of  the  petrous  portion  of  the  temporal 
bone,  and  internally  by  the  body  of  the  sphenoid  and  basilar  process  of  the 
occipital  bone :  it  presents  in  front  the  posterior  orifice  of  the  Vidian  canal ; 
behind,  the  aperture  of  the  carotid  canal.  The  basilar  surface  of  this  opening 
is  filled  up  in  the  recent  state  by  fibrous  tissue;  across  its  upper  or  cerebral 
aspect  pass  the  internal  carotid  artej*y  and  Vidian  nerve.  External  to  this  aperture 
the  petro-sphemndal  8ufHre  is  observed,  at  the  outer  termination  of  which  is  seen 
the  orifice  of  the  canal  for  the  Eustachian  tube  and  that  for  the  Tensor  tynapani 
muscle.  Behind  this  suture  is  seen  the  under  surface  of  the  petrous  portion  of 
the  temporal  bone,  presenting,  from  within  outward  the  quadrilateral,  rough 
surface,  part  of  which  aB'ords  attachment  to  the  Levator  j>ahiti  and  Tensor  tymjiani 
muscles;  extertuil  to  this  surface  the  orifices  of  the  earotid  canal  and  the  aquje- 
ductus  cochieie,  the  former  transmitting  the  intei*nal  earotid  artery  and  the  ascend- 
ing branches  of  the  superior  cervical  ganglion  of  the  sympathetic,  the  latter  serving 
for  the  passage  of  a  small  artery  and  vein  to  the  cochlea.  Behind  the  earotid 
canal  is  a  large  a|>erture,  the  Jutpthir  foma.  formed  in  front  by  the  petrous  portion 
of  the  temporal,  and  behind  by  the  occi]»ital;  it  is  generally  larger  on  the  right 
than  on  the  left  side,  and  is  divided  into  three  compartments  by  processes  of  dura 
mater.  The  anterior  is  for  the  j>asii5age  of  the  inferior  petrosal  sinus  ;  the  posterior, 
for  the  lateral  sinus  and  some  meningeal  branches  from  the  occipital  and  ascending 
pharyugeal  arteries;  the  central  one.  for  the  glosso-pharyngeab  pneumogastric, 
and  Sfiinal  accessory  nerves.  On  the  ridge  of  bone  dividing  the  earotid  canal  from 
the  jugular  fossa  is  the  small  foramen  for  the  transmission  of  Jacobson^s  nen-^e; 
and  on  the  outer  wall  of  the  jugular  foramen,  near  the  root  of  the  styloid  process, 
is  the  small  aperture  for  the  transmission  of  Arnold's  nerve.  Behind  the  ba^^ilar 
surface  of  the  occipital  bone  is  the  foramen  matjHUifi^  bounded  on  each  side  by  the 
condyles,  rough  internally  for  the  attachment  of  the  cheek  or  odontoid  ligaments, 
and  presenting  externally  a  rough  surfiice,  the  jntjuhit  proeem,  which  serves  for 
the  attachment  of  the  Hecttis  capitis  lateralis  muscle  and  the  lateral  occipito-atloid 
ligament.  On  either  side  of  each  condyle  anteriorly  is  the  anterior  eondt/loid  fo»sa^ 
] perforated  by  the  anterior  condyloid  foramen,  for  the  jiassage  of  the  hypoglossal 
nerve  and  a  meningeal  artery.  Behind  each  condyle  is  the  posterior  eondt/ioid 
fofimi^  perforated  on  one  or  both  sides  by  the  jmsterior  condyloid  foramina,  for  the 
transmission  of  a  vein  to  the  lateral  sinus.  Behind  ibe  foramen  magnum  is  the 
external  oeelpHal  rresty  terminating  above  at  the  external  oecipital  protttheranee^ 
whilst  on  each  side  are  seen  the  superior  and  inferior  eureed  lines  ;  these,  as  well 
as  the  surfaces  of  bone  between  them,  are  rough  for  the  attachment  of  the  musclea, 
which  are  enunierated  <»n  page  168. 

The  Lateral  Region  of  the  SkxiU. 

The  Lateral  Eegion  of  the  Skull  is  of  a  srnr»evvhat  triangular  form,  the  base  of 
the  triangle  being  formed  by  a  line  extending  from  the  external  angular  process 
of  the  frontal  bone  along  the  temporal  riflge  backward  to  the  outer  extremity  of 
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the  superior  curved  line  of  the  occiput :  and  the  giden  by  two  lines,  the  one  drawn 
downward  and  backward  from  the  externa!  angular  process  of  the  frontal  bone 
to  the  Angle  of  the  lower  jaw,  the  other  from  the  angle  of  the  jaw  upward  and 
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backward  to  the  outer  extremity  of  the  superior  carved  line.     This  region  is 
dlnsible  into  three  portions — temporal  fossa,  mastoid  portion,  and  zygomatic  fossa. 

The  Temporal  Fossa. 

The  Temporal  Fossa  is  bounded  above  and  bt'Iiind  by  the  temporal  riilge,  which 
extends  from  the  external  an^^ular  proce,-*.^  «*f  the  frontal  ujfward  and  backward 
across  the  frontal  and  pavi^'tal  bones,  curving  downward  behind  to  terminate  in 
the  posterior  root  of  the  zygomatic  process*  This  ridge  is  generally  double — -at  all 
events  in  front,  where  it  is  most  marked.  In  front  it  is  bounded  by  the  frontub 
malar,  and  great  wing  of  the  sphenoid  ;  externally  by  the  zygomatic  areb,  formed 
conjointly  by  the  malar  and  temporal  bones;  below  it  is  gefiarated  from  the 
zygomatic  fossa  by  the  pterygoid  ridge,  seen  on  the  outer  surface  of  the  great 
wing  of  the  sphenoid.  This  fossa  is  formt^<l  l>y  f\\e  bones,  part  of  tlie  frontal, 
great  wing  of  the  sphenoid,  parietal,  stpmmous  portion  of  the  temporal,  and  malar 
bones,  and  is  traversed  by  six  sutures,  part  of  the  transverse  facial,  sjdieno- 
malar,  coronal,  8pheno*parietab  sqnamo-ymrietal,  and  sqnamo-s]djenoiiiaL  The 
point  where  the  coronal  suture  crosses  the  temporal  ridge  is  sometimes  named 
the  nfephanion  :  and  the  region  where  the  four  bones,  the  |mrietab  the  frontab  the 
squamous,  and  the  greater  wing  of  the  sphenoid,  meet,  at  the  anterior  inferior  angle 
01  the  jmrietal  bone*  is  named  the  pterion.     This  point  is  about  on  a  level  with  the 
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external  angolar  process  of  the  frontal  hmw  and  about  oneanfl  a  half  inches  behind 
it.  This  fos8a  is  deejily  concave  in  front,  convex  behiml,  traversed  by  grooves  uhich 
lodge  branches  of  the  deep  temporal  arteries,  and  filled  by  the  Temporal  muscles. 

The  Mastoid  Portion, 

The  Mastoid  Portion  of  the  side  of  the  .^kidl  is  bnnnded  in  front  by  the  tubercle 
of  the  zygoma;  ab<n'e,  by  a  line  which  rnns  fnmi  the  posterior  r«ot  of  the  zygoma 
to  the  end  of  the  masto^parietal  suture;  behind  iind  below  hy  the  masto-occijiital 
suture.  It  is  formed  by  the  mastoid  and  i)art  of  the  aijuauioua  and  petrous  por- 
tions of  the  temporal  bone;  its  surface  is  convex  and  rough  for  the  attachment  of 
muscles,  and  presents,  from  behind  forward,  tlie  mastoid  foramen,  the  mastoid 
process,  the  external  auditory  meatus^  surroimdeil  by  the  auditory  process,  and, 
most  anteriorly,  the  temporo-maxillary  articulation. 

The  Zygomatic  Fossa. 

The  Eygomatic  Fosaa  is  an  irregularly  siiapcd  cavity,  situated  below  and  on  the 
inner  side  of  the  zygoma;  bounrled,  in  front,  by  the  tuberusity  of  the  superior 
maxillary  hone  and  the  ridge  which  descends^  from  its  malar  process;  behind,  by 
the  posterior  border  of  the  pterygoid  process  and  the  eminentia  articularis;  above, 
by  the  pterygoid  ridge  on  the  outer  surface  of  the  great  wing  of  the  sjihenoid  and 
the  under  part  of  the  si|uamous  portion  of  the  temporal;  below,  by  the  alveolar 
border  of  the  superior  maxilla;  internally,  by  the  external  pterygoid  plate;  and 
externally,  by  the  zygomatic  arch  and  ramus  of  the  lower  jaw.  It  contains  the 
lower  part  of  the  Temporal,  the  External  and  Internal  pterygoid  muscles,  the 
internal  maxillary  artery,  and  inferior  maxillary  nerve  and  their  branches.  At  its 
upper  and  inner  part  may  be  observed  two  fissures,  the  spheno-maxillary  and 
p  t  e  ry  go-m  axilla  ry , 

The  Spheno-maiillarr  Fissare,  horizontal  in  direction,  opens  into  the  outer  and 
back  part  of  the  orbit.  It  is  formed  above  by  the  lower  border  of  the  orbital  surface 
of  the  great  wing  of  the  sphenoid ;  helow\  by  the  external  border  of  the  orbital 
stirtace  of  the  superior  maxilla  and  a  suiall  part  of  the  ])alate  bone;  externally,  by 
a  small  part  of  the  malar  bone:'  internally,  it  joins  at  right  angles  with  the 
pterygo-maxillary  fissure.  This  fissure  opens  a  Cf>mmunication  from  the  orbit  into 
three  fossie — the  temporal,  zygomatic,  and  s|dieno-maxillary  ;  it  transmits  the 
superior  maxillary  nerve  and  its  orbital  branch,  the  infraorbital  vessels,  and 
ascending  branches  from   the  spheno-palatine  or  Meckels  ganglion. 

The  Ptery  go -maxillary  Fissure  is  vertical,  and  ^lescends  at  right  angles  from 
the  inner  extremity  of  the  preceding ;  it  is  a  V-^li^ipt'd  interval,  formed  by 
the  divergence  of  the  superior  maxillary  bone  from  the  pterygoid  process  of  the 
sphenoid.  It  serves  to  connect  the  s|jheno-maxillary  fossa  with  the  zygomatic  fossa, 
and  transmits  branches  of  the  internal  maxillary  artery*  It  forms  the  entrance  from 
the  zygomatic  fossa  to  the  sjjheno-maxillary  fossa* 

The  Spheno-maxUlary  Fossa. 
The  Spheno-maKillary  Fossa  is  a  small,  triangidar  space  situated  at  the  angle  of 
junction  of  the  si>heno-uia\lllary  and  pterygo'maxillary  fissures,  and  placed  beneath 
the  apex  of  the  orbit.  It  is  fonned  above  l>y  the  under  surface  of  the  body  of 
the  sjdienoid  and  hy  the  orbital  process  of  the  palate  bone  ;  in  front,  by  the  superior 
maxillary  hone;  behind,  by  the  anterior  surface  of  the  base  of  the  pterygoid 
process  and  lower  part  of  the  anterior  surface  of  the  great  wing  of  the  sphenoid ; 
internally,  by  the  vertical  plate  of  the  palate.  This  fossa  has  three  fissures 
t4?nninating  in  it — the  sphenoidal^  ap/urtto-majfUan/,  and  pteryg€i-ma.YiUary  :  it 
communicates  with  three  fossse,  the  orbital,  nasal,  and  zygomalk^  and  with  the 
cavity  of  the  cranium,  and  has  opening  into  it  five  foramina.     Of  these,  there  are 

^Occasionally  the  tsup^rior  maxillary  b<rtie  and  the  splienoid  articulate  with  en  ch  other  at  the 
anterior  extrtfmity  of  thiH  li«8ure;  the  malar  i»  then  exclutied  from  entering  into  its  formmloii. 
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three  on  the  posterior  wall :  the  foramen  rotundum  above ;  below  aod  internal  to 
tliis,  the  Vklkin  ;  and  still  more  inferiorly  and  internally,  the  pteri/go-palatine.  On 
the  inner  wall  is  the  yphvno-paltttitw  ffiramcfi^  by  which  the  spheno-maxillary 
communicates  with  the  nasal  fossa;  and  below  is  the  i?u|jerior  orifice  of  the 
poiterior  palatine  catt^ii^  besides  occasionally  the  orifice.s  of  the  {tea'»:^onf  posterior 
palatine  canals.  The  foi^su  contains  the  superior  mjixillary  nerve  and  Meckel's 
ganglion,  and  the  termination  of  the  internal  maxillary  artery. 

The  Anterior  Region  of  the  SkuU. 

The  Anterior  Begion  of  the  Skull  which  forms  the  face,  is  of  an  oval  form, 
presents  an  irregular  surface,  and  is  excavated  for  the  reception  of  two  of  the 
organs  of  sense,  the  eye  and  the  nose.  It  is  bounded  "above  by  the  glabella  and 
margins  of  the  orbit ;  below,  by  the  prominence  of  the  chin ;  on  each  side  by  the 
malar  bone  anfl  anterior  margin  of  the  ramus  of  the  jaw.  In  the  median  line  are 
seen  from  above  downward  the  glabella,  and  diverging  from  it  are  the  itupercHiart/ 
ridge%^  which  indicate  the  situation  of  the  frontal  sinuses  and  support  the  eyebrows. 
Beneath  the  gbibella  is  the  fron to-nasal  sutnre,  the  mid-point  of  which  is  termed 
the  namon^  and  below  this  is  the  arch  of  the  nose,  formed  by  the  nasal  bones,  and 
the  nasal  processes  of  the  superior  maxillary.  The  nasal  arch  is  convex  from  side 
to  side,  concave  from  above  downward,  presenting  in  the  median  line  the  inter- 
nasal  suture  formed  between  the  nasal  bones.  laterally  the  naso-maxillary  suture 
formed  between  the  nasal  bone  and  the  nasal  process  of  the  superior  maxillary 
bone.  Below  the  nose  is  seen  the  opening  of  the  anterior  nares,  which  is  heart- 
shaped,  with  the  narrow  end  upward,  and  presents  laterally  the  thin,  sharp 
margins  serving  for  the  attachment  t^f  the  lateral  cartilages  of  the  nose,  and  in  the 
middle  line  bebiw  a  promitient  ]>rocess,  the  anterior  nanal  itpinej  bounded  by  two 
deep  notches.  Below  this  is  the  intermaxiJlan/  suture,  and  *m  each  side  of  it  the 
in^imve  fossa.  Beneath  this  fossa  are  the  alveolar  processes  nf  the  upper  and 
lower  jaws,  containing  the  incisor  teeth*  and  at  the  lower  part  of  the  median  line 
the  symphysis  of  the  chin,  the  menial  process,  with  its  two  mental  tubereles^ 
separated  by  a  median  groove,  and  the  in  ei si  re    fossa  of  the  lower  jaw. 

On  each  side,  |o-ocecding  from  above  downward,  is  the  supraorbital  ridge^ 
terminating  externally  in  the  external  angular  process  at  its  junction  with  the 
malar,  and  internally  in  the  internal  angular  process ;  toward  the  inner  third  i>f 
this  ridge  is  the  supraorbital  notch  or  foramen,  for  the  passage  of  the  supraorbital 
vessels  and  nerve*  and  at  its  inner  side  a  slight  depression,  for  the  attachment  of 
the  pulley  of  the  Superior  obiiipie  muscle.  Beneath  the  supraorbital  ridge  is  the 
opening  of  the  orbit,  bouiuled  externally  by  the  orbitfil  ridge  of  the  malar  bone; 
below,  by  the  orbital  ridge  formed  by  the  malar  and  tmsal  process  of  superior  max- 
illary ;  internally,  by  the  nasal  process  of  the  superior  maxillary  and  the  internal 
angular  process  of  t&e  frontal  bone.  On  the  outer  side  of  the  orbit  is  the  ♦juadri- 
lateral  anterior  surface  of  the  malar  bone,  [lerforated  by  one  or  two  small  malar 
foramina.  Below  the  interior  margin  of  the  orbit  is  the  itffraorl^ita I  foramen^  the 
tennination  of  the  infraorbital  canal,  and  hcneath  this  the  eanine  fffssa,  which  gives 
attachment  to  the  Levator  anguli  oris ;  bounded  below  by  the  alveolar  |>rocesses, 
containing  the  teeth  of  the  upper  and  lower  jaws.  Beneath  the  alveidar  arch  of 
the  lower  jaw  is  the  mental  foramen,  for  the  passage  of  the  mental  vessels  and 
nerve,  the  external  oblique  line,  and  at  the  lower  border  of  the  bone,  at  the  point 
of  junction  of  the  body  with  the  ramus,  a  shallow  groove  for  the  passage  of  the 
facial  artery. 
_  The  Orbits. 

ff        The  Orbits  (Fig.  175)  are  two  quadrilateral  pyramidal  cavities,  situated  at  the 
upper   and   anterior   part   of  the   face,   their   bases   being   directed   forward   and 

I  outward*  and  their  apices  backward  and  inward,  so  that  the  axes  of  the  two.  if 
continued  backward,  would  meet  over  the  body  of  the  sphenoid  bone  Each  orbit 
ifi  fanned  o{  seven  boned,  the  frontal,  sphenoid,  ethmoid,  superior  maxillary,  malar. 


I 


I 
I 
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luehrymal,  anr!  pjilate;  but  three  of  these,  the  frontal,  ethmoid,  and  sphenoid, 
enter  intu  the  formation  of  both  orbits,  so  that  the  two  cavities  are  formed  of 
ehrt'n  bones  only.  Eaeli  cavity  presents  for  exami nation  a  roof,  a  floor,  an  inner 
and  an  outer  walL  four  atiglesi,  a  eirciunference  or  base,  and  an  apex.  The  rtxif 
is  concave,  directed  downward  and  forward,  and  formed  in  front  by  the  orbital 
pkto  of  the  frontal;  behind  by  the  lesser  wing  of  the  sphenoid.  This  surface 
presents  internally  the  de|)re9.sion  for  the  cartilaginous  pulley  of  the  Superior 
oblique  muscle:  externally,  the  depression  for  the  lachrymal  gland;  and 
posteriorly,  the  suture  connecting  the  frontal  and  lesser  wing  of  the  spbeooid. 


Tf  NOO  OOULl 


(JrootV  for 
facial  artery 


Fiti.  175.— Antfrfvliitenil  region  ot  the  »kiaU.    (Cryor ) 


The  floor  is  nearly  flat,  and  of  less  extent  than  the  roof;  it  is  formed  chiefly 
by  the  orbital  surface  of  the  superior  maxillary;  in  fi*ont,  to  a  small  extent,  by  the 
orbital  jjroeess  of  the  malar,  and  behind,  by  the  superior  surface  of  the  orbital 
process  of  the  palate.  This  surface  presents  at  its  anterior  and  internal  part,  just 
external  to  the  lacbrymal  groove,  a  depression  for  the  attachment  of  the  Inferior 
oblitjue  muscle:  externally,  the  suture  between  the  malar  and  superior  luaxillary 
bniit's  ;  near  its  middle,  the  intraorbital  groove  :  iind  posieritirly.  the  suture  between 
the  nxaxillary  and  ]>alate  bones. 

The  inner  wall  is  flattened,  and  formed  from  before  backward  by  the  nasal 
process  of  the  supenor  maxillary,  the  lachrymal,  os  planum  of  the  ethmoid,  and  a 
small  j>art  of  the  body  of  the  sphenoid.  This  surface  presents  the  lachrymal 
groove  and  crest  of  the  lachrymal  b(UK%  and  the  sutures  connecting  the  lachrym&l 
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wilt  the  superior  maxillary,  the  ethmoid  with  the  lachrymal  in  front,  iind  the 
ctlmioid  with  the  sfihonoid  behind. 

The  outer  wall  i^  formed  in  front  bj  the  orbital  process  of  the  malar  bone; 
iK'liind,  by  the  orbital  .^iniaee  of  the  sphenoid.  (Jn  it  are  seen  the  orifices  of  one 
or  \\\n  malar  C4inals,  and  the  suture  connecting  the  s[)heno!d  and  malar  hones. 

Angles* — The  superior  external  angh  is  formed  by  the  junction  of  the  upper 
and  ruiter  walls:  it  presents,  from  before  backward,  the  s^uture  connecting  the 
fnmial  with   the  malar  in  front  and  with  the  great  wing  of  the  sphenoid  behind; 
(|uitc  posteriorly  is  the  foramen   laeerum   anterius,  or  sphenoidal   fissure,   which 
transmits  the  third,  the  fourth,  the  three  branches  of  the  ojtLthulmic  division  of 
the  fifth,  the  sixth  nerye,  some  filaments  from   the  cayernous  plexus  of  the  sym- 
pathetic, the  orbital  branch  of  the  middle  meningeal  artery,  a  rt^current  branch 
from  the  lachrymal  artery  to  the  dura  mater,  and   the  ophthalmic  yein.     The 
tuperior  internal  angle  is  formed  by  the  junction  of  the  upper  and  inner  wall,  suid 
presents  the  suture  connecting  the  frontal  bone  with   the  lachrymal  in  front  and 
with  the  ethmoid  bebind.     The  point  of  junction  of  these  three  sutures  has  been 
named  the  thwnfon.     This  angle  presents  twi>  foramina,  the  anterior  and  posterior 
ethmoidal,  the  former  transmitting  the  anterior  ethmoidal  vessels  and  nasal  nerve, 
the  latter  the  posterior  ethmoidal  vessels.      The  inferior  ertermd  angle,  formed 
by  the  junction  of  the  outer  wall  and  floor,  presents  the  spheno-maxillary  fij^sure, 
which  transmits  the  superior  maxillary  nerve  and  its  orbital  branches,  the  infra- 
orbital  vessels,  and  the  ascending  branches  from  the  spheno-palatine  or  Meckel's 
ganglion.     The  inferior  internal  angle  is   formed  by  the  union  of  the  lachrymal 
and  OS   planum  of  the  ethmoid  with   the   superior  maxillary  and  palate   hones. 
The  tnreumferenee^  or  base,  of  the  orbit,  quadrilateral  in  form,  is  bounded  above 
by  the  supraorbital  ridge ;  below,  by  the  anterior  border  of  the  orbital  plate  of 
the  malar,  superior  maxillary,  and  its  nasa!   process ;  externally,  by  the  external 
_ular  process  of  the  frontal  and  the  malar  bones  ;  internally,  hy  the  internal 
[gular  process  of  the  frontal  and  the  nasal   process  of  the  superior  maxillary. 
The  circumference  is  marked  by  three  sutures,  the  fron to-maxillary  internally, 
the  fronto-malar  externally,  and  the  malo-maxillary  below;  it  contributes  to  the 
formation  of  the  lachrymal  groove,  and  presents,  above,  the  supraorhital  notch 
(or  foramen),  for  the  passage  of  the  supraorbital  vessels  and  nerve.     The  apex^ 
situated  at  the  hack  of  the  orbit,  corresponds  to  the  optic  foramen,  a  short,  circular 
canal,  which  transmits  the  optic  nerve  and  ophlhalmic  artery.     It  will  thus  be 
seen   that  there  are  nine  openings  communicating  with  each  orbit — ^viz.  the  optic 
foramen,  foramen  lacerum  anterius,  spheno-maxillary  fissure,  supi^aorbital  foramen, 
infraorbital  canal,  anterior  and  posterior  ethmoidal  foramina,  malar  foramina,  and 
canal  for  the  nasal  duct. 

The  Nasal  Possse. 

The  Nasal  Fosss  are  two  large,  irregular  cavities  situated  on  either  side  of  the 
middle  line  of  the  face,  extending  from  the  base  of  the  cranium  to  the  roof  of  the 
mouth,  and  separated  from  each  other  by  a  thin  vertical  sei^tum.  They  communi- 
cate by  two  large  apertures,  the  anterior  nares,  witb  the  fnuit  of  the  face,  and  by  the 
tv%o  posterior  nares  with  the  jdrarynx  behind.  These  fossie  are  much  narrower 
above  than  below,  and  in  the  middle  tluin  at  the  anterior  or  posterior  openings; 
their  depth*  which  is  considerable,  is  much  greater  in  the  middle  than  at  either 
extremity.  Each  nasal  fossa  communicates  with  four  sinuses,  the  frontal  above, 
the  sphenoidal  behind,  and  the  maxillary  and  ethmoidal  on  the  outer  wall.  Each 
fossa  also  communicates  witb  four  ciivities:  with  the  orbit  by  the  lachrymal 
groove,  with  the  moutb  by  the  anterior  jialatine  canal,  with  the  cranium  by  the 
olfactory  foramina,  and  with  the  spheno-maxillary  fossa  by  the  spheno-jialatine 
foramen  ;  and  they  occasionally  communicate  with  each  other  by  an  aperture  in 
the  septum.  The  bones  entering  into  their  formation  are  fourteen  in  number: 
of  the  cranium,  the  frontal,  sphenoid,  and  ethmoid,  and  all  the  bones  of  the 
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face,  excepting  tlit*  msthir  \im\  lower  juw.     Each  cavity  is  boiimled  by  a  roof,  & 
floor,  an  inner  and   an  outer  wall. 

The  upper  wall,  or  roof  (Fig.  176),  m  fonnt^fl  in  front  by  the  nasal  lione**  anU 
groove  lateral  to  the  nasal  Hpine  of  the  fronriil :  this  j»art  is  tliret-ted  downward 
and  forward  ;  in  the  middle,  hy  tlie  cribriform  plate  of  the  ethmoid,  which  is  hori- 
zontal ;  and  behind^  by  the  under  surface  of  the  body  of  the  sphenoid,  sphenoidal 
process  of  the  palate  bone,  and  ala  of  the  vomer,  which  are  directed  downward 
and  backward.  This  surface  presents,  from  before  back  ward »  the  internal  aspect 
of  the  nasal  bones;  on  their  outer  side,  the  suture  funned  between  the  nasial  bone 
and  the  nasal  process  of  the  superior  raaxillary ;  un  their  inner  side,  the  elevated 
crest  which  receives  the  nasal  spine  of  the  frontal  and  the  perpendicular  plate  of 
the  ethmoid,  and  articulates  with  its  fellow  of  the  opposite  side;  whilst  the  surface 


RqqJ\ 

Kami  bone. 
Ntual  wpint  of  fr&ntai  hone. 
M&risonial pliti^  of  ethmoid. 
Sphenoid. 


Frobf  pOMfd  ihfough 
naso'lachrifnuit  txinaL 

BfiHile  pfijfjted  fhrmtgh 
iufundibulum. 


Older  WaU. 

^iunl  proc.  of  wp.  wmi. 
Laekrimal. 
EthmM* 
Unciform  promm  0/  a^maid. 
Inferior  turbinated, 
Poitttf. 

Superior  meattts. 
Middle  mrntiLK, 
h^erior  meatuM, 


Floor, 

Anterior  na$ai  ^ne.  % 
Folate  prcc,  of  mtp,  max, —  j 
Ihilate  proiXM  of  palate.— ~  ^ 

Fwnterior  naj^al  gpinr. 
Anterior  palatine  cauat. 


FlO.  176.— Hoy f,  UcM:)r,  iii)d  outer  wall  ui  left  uastil  fossa. 


of  the  bones  ia  perforated  by  a  few  small  vascular  apertnres,  and  presents  the 
longitudinal  groove  for  the  nasal  nerve;  farther  back  is  the  transverse  suture, 
connecting  the  frontal  with  the  nasal  in  front,  and  the  ethnn^id  l>ebind.  the 
olfactory  foramina  and  nasal  slit  on  the  under  surface  of  ihe  cribriforin  plate,  an<l 
the  suture  between  it  and  the  sphemiid  behind:  quite  posteriorly  are  seen  the 
sphenoidal  turbinated  bones,  the  orifices  of  the  sjrhenoidal  sinuses,  and  the 
articulation  of  the  ahe  of  the  vomer  with  the  under  surface  of  the  body  of  the 
sphenoid. 

The  floor  is  flattened  from  before  backward*  concave  from  side  to  side,  and 
wider  in  the  middle  than  at  either  extremity.  It  is  formed  in  frcujl  by  (be  |mlate 
process  of  the  superior  maxillary ;  behind,  by  the  palate  process  of  the  palate  bone. 
This  surface  presents,  from  before  backward,  the  anterior  nasal  spine;  behind 
this,  the  upper  orifices  of  the  anterior  palatine  canal ;  internally,  the  elevated  crest 
which  articulates  with  the  vomer;  and  behind,  the  suture  between  the  palate  and 
superior  maxillary  bones,   and   the  posterior  nasal  spine. 

The  inner  wall,  or  septum  (Fig.  177),  is  a  thin  vertical  partition  which  sepa- 
rates the  nasal  fV>ssie  from  one  another;  it  is  occasionally  perforated,  so  that  the 
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Aommunicate,  and  it  in  often  bent  considerably  to  one  side.*     It  b  formed,  in 

fc»t.  bv  the  crest  of  the  na.^al  bones  and  nansal  spine  of  tbe  frontal ;  in  the  middle, 
by  tk*  perpendietilar  plate  of  the  ethmoid  ;  bebitjd,  l»y  the  vomer,  rostrum  im\\  eth- 
moitkl  crest  of  the  sphenoid:  below*  by  the  crests  of  the  superior  maxillary  and 
palate  bones.  It  presents,  in  front,  a  large,  triangular  notch,  which  receives  the  tri- 
mgular  cartilage  *»f  the  nose;  and  behind,  the  guttural  edge  of  the  vomer.  Its 
surface  is  marked  by  ntioierous  vascular  and  nervous  canals  and  the  groove  for 
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Fi«.  177.— Inner  waU  of  nasal  foesR,  or  septum  otmMO, 

\e  na»o*palatine  nerve,  and  is  travei*sed  by  sutures  connecting  the  bones  of  which 
it  is  formed. 

The  outer  wall  (Fig,  176)  is  formed,  in  front,  by  the  nasal,  the  nasal  process 
of  the  superior  maxillary  and  lachrymal,  hones;  in  the  middle,  by  the  ethmoid 
and  inner  surface  of  the  superior  maxillary  and  inferior  turbinated  bones;  behind, 
by  the  vertical  plate  of  the  palate  bone  and  the  internal  pterygoid  plate  of  the 
sphenoid-  This  surface  presents  thrt'c  irregular  longituilinal  passages,  or  meutusea, 
formed  between  three  plates  of  bone  that  spring  from  it ;  they  are  termed  the 
superior,  middle,  and  inferior  meatuses  of  the  nose.  The  superior  mefitua,  tbe 
smallest  of  the  three,  is  situated  at  the  upper  and  back  part  of  each  nasal  fossa, 
occupying  tbe  posterior  third  of  the  outer  wall  It  is  sittiated  between  the  superior 
and  middle  turbinated  hones,  and  has  opening  into  it  two  tbramina,  tbe  spfteno- 
palative  at  the  back  of  its  outer  wall,  and  the  posterior  Hhmoidal  mlh  at  tbe  front 
]»art  of  the  outer  wall.  Tbe  opening  of  the  sphenoidal  stnus  is  at  the  upper  and 
back  part  of  tbe  nasal  fossa  immediately  behind  the  superior  turhi noted  bone  and 
into  a  groove,  the  a phc no- ethmoidal  reeem.  The  middle  meatus  is  situated  between 
the  midtUe  and  inferior  turbinated  bones,  and  occupies  the  posterior  two-thirds  of 
the  outer  wall  of  the  nasal  fossa.  It  Las  tAvo  apertures:  in  front  that  of  the  itifun- 
dihuhun,  by  which  the  meatus  eommunicates  with  tbe  antt^rior  ethmoidal  cells, 
ancl  through  these  with  the  frontal  sinuses;  near  the  centre  is  the  tfrifh*e  of  the 
antrum  J  which  varies  somewhat  as  to  its  exact  position  in  different  skulls.  The  infe- 
rior meatH4fy  the  largest  of  the  three,  is  the  space  between  the  inferior  turbinated 

*  8ee  footnote,  p.  185. 
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bone  and  the  floor  of  the  nasal  fossa.  It  extends  along  the  entire  length  of  the 
outer  wall  of  the  nose,  is  broader  in  front  than  behintl.  and  prci^ents  anterinrly  the 
luwer  orifice  of  the  canal  for  the  nagal  duct. 

The  anterior  nares  present  a  heart-shajied  or  pyriforin  ojtening  whose  h»ng 
axis  is  vertical  anil  narrow  extremity  upward.  This  opening  in  the  recent  stale 
is  miieh  eontraeted  by  the  cartihiges  of  the  no?ie.  It  is  bounded  above  by  the 
inferior  border  of  the  nasal  bune ;  laterally  by  the  thin,  sharp  margin  which 
separates  the  faeial  from  the  nasal  surface  of  the  superior  maxillary  bone;  and 
behjw  by  the  ssime  border,  where  it  slopes  inward  to  join  its  fellow  of  the  opposite 
side  at  the  anterior  nasal  spine. 

The  posterior  nares  are  the  two  posterior  oval  openings  of  the  nasal  fossa?,  by 
whieh  tliey  cumnmnieate  with  the  upper  |mrt  of  the  (iharynx.  They  are  situated 
immediately  in  front  of  the  basilar  process,  and  are  bounded  above  by  the  under 
surface  of  the  body  of  the  sphenoid  ;  below  by  the  posterior  border  of  the  horizontal 
plate  of  the  palate  bone;  externally,  by  the  internal  surface  of  the  internal  ptervg<»id 
phite ;  and  inteinally,  in  the  middle  line,  they  are  separated  from  each  other  by 
the  guttural  border  of  the  vomer. 

Surface  Form*— The  vmHous  hiuy  praaiiuenccs  or  landmarks  which  are  to  be  easily  felt  and 
rccoginJieil  in  die  head  loid  face,  jiuil  which  aflTord  the  lueiins  of  mappiag  out  the  ]U]|x>rtant 
structures  comprii^ed  in  this  region,  nre  as  tullows: 

L  8u  pmoHii till  lire h.  8.  Parietid  t^miiieni'es, 

2,  Internal  angular  process.  9*  Temporal  ridxe. 

3.  Ex  teniitl  an  ITU  lar  process.  10.  Frt>ntal  eniinenees. 

4.  Z  y  jcrum  a  tie  an  -h .  1 L  Sn  pe  rei  1 1  a  r>'  ri  dgea 

5,  M;u*toid  proecMs.  12,  Nrnni  boue.s. 

6,  External  ocpi pi tid  protuberance.  13.  l^ower  uiargin  of  orbit 

7.  Superior  curved  line  of  oeei pit al  bone.  14.  lAiwerjaw, 

1.  Tlie  ftupfftorhiffd  (trrlif^  rw  to  bo  felt  throughout  their  entire  extent,  eovertHl  by  the  e.ve- 
brows.  They  form  the  upper  boimdar.v  (jf  the  i^ireuniferem-e  or  base  of  the  orbit,  ami  sepi^ratc 
the  i\wv  I'nnu  rbe  rurehead,  Tbey  an^  8lrf>UL'  and  artbed,  and  terminate  internally  on  each  side 
of  tbe  root  nt'  the  nose  in  the  inUntal  tuu/nlar  jirijefas,  wbicb  articulates  with  the  laebrynnil 
bone.  Exterually  tbey  teruiinute  in  the  *j'hrnfH  (ntf/tihrr  nrocfss,  whit-h  artieuluto8  with  the 
malar  Imne.  Tins  art-hed  ritluc  is  .siiarper  and  more  detinea  in  ils  outer  than  in  itj*  inner  haUl 
and  turmrf  an  overlianirinL'  i>rni  ess  wbicli  ]irote«t.s  aUil  tnluekls  the  kehr\  nial  iilund.  It  tbnj<  pru- 
iet^Xa  tbe  e\e  in  its  most  exjxKsed  situation  and  in  ibe  direction  from  whieb  blows  are  niiist  likely 
to  dem'end.  Tho  sttpniorbital  arch  varies  in  prominence  in  different  individuals.  It  is  more 
marked  in  tbe  male  than  in  tbe  female,  and  in  Konie  nices  of  mankind  tbioi  others.  In  the  lesg 
civilized  nu?ei<,  as  tbe  forebcitd  receile?^  btiekward,  tbe  supniorbilal  arelj  bcconies  mure  prominent, 
ikwl  apprtjacbeis  more  to  tbe  ebar^i'teni  oitbe  monkev  tribe,  in  wbit^i  tbe  supraorbital  arches  are 
very  lar«:cly  developed,  anl  aH^uire  additionul  prontineiu-e  IVoui  tbe  oblif^ue  direceion  vC  the 
frontal  l>one.  2.  Ibe  intfrmff  anf/fffar  pnicff^s  h  S4.'amrly  to  be  !elt.  Its  pfisitiun  is  indicated 
by  the  aiitrle  formed  by  tbe  supnio  it^d  arcli  with  the  nasa!  priK*e.ss  of  the  suiverior  niuxillaTy 
bone  and  tbe  lacbrymal  Umc  at  the  imier  ^ide  of  the  orbit.  Hetween  tbe  internal  i^ni^iilar  pro- 
cesses ol"  the  two  sides  isi  a  brcjad  surtace  which  assists  in  Ibrminii  the  itiot  of  the  no!?.e,  and 
immediately  akive  tbis  a  broud,  smooth,  ,somewhat  triungnlur  surface,  tbe  fihdMUn,  j^jtuated 
between  tbe  .superij'iltary  ridi^es.  .1  Tlie  ejttfritai  attf/uhfr  proctsfi  is  much  uiore  stroneiy  nnirked 
tbun  the  internal,  and  is  plainly  to  be  felt.  It  is  formed  liy  tne  jum'tion  or  eonflnence  of  the  Hiprsi- 
orbital  and  tempond  ridi^cs,  and.  articulatinir  with  the  malar  tw*ne,  it  serves  to  a  very  consider- 
able extent  to  support  the  bones  of  tbe  face.  Tti  eurnivonms  animals  the  external  anjrular  pro- 
cess d<-»es  not  articulate  with  tbe  maliir,  and  thererore  tbis  lateral  sujiport  to  tbe  liones  of  the  face 
is  not  nresent.  4.  Tbe  ziiffomaftr  jiR-b  is  plainly  to  be  felt  tbroutibout  its  entire  lenetb,  beinir 
fiitaateu  almost  inunediately  uuiler  the  skin.  It  is  fi>rmed  by  the  nuilar  bone  and  tbe  isy.comatk 
process  of  tbe  tenj|>ond  Lxme.  At  its  anterior  extn^mity.  where  it  is  tbrmed  Ivy  tbe  msdar  bone, 
It  \h  broad  and  forms  the  |«ronunence  of  the  cheek  ;  the  posterior  part  is  narrower,  and  termi- 
nates just  in  frotU  and  a  Httle  above  the  tr^iLMis  of  the  exiernal  ear.  The  lower  Imrdcr  is  inore 
plairdy  to  be  felt  than  the  upper,  in  cou.sequence  of  the  dense  temporal  fascia  beinp  attxiched  to 
the  upper  bonier,  which  somewhat  obscures  its  outline.  Its  shajve  differs  vef}*  much  in  individ- 
nals  aeid  in  difft  rent  races  of  mankind.  In  tbe  most  deirraded  type  of  skull — as,  b«r  instance,  in 
tlie  skidl  of  tbe  neuTo  of  tbe  (niinea  Coasl — tbe  mabr  bnnes  ttrtiject  forward  ami  not  outwanli 
and  the  7.ykrou»a  at  iis  posteri^ir  extremity  extends  tartber  outward  l>efore  it  is  twisted  on  itself  to 
be  prolonired  f<»rvvard.     Tbis  makes  the  zvL-omatie  urch  stand  out  in  bold  relief  and  :ifft>rds 

freijter  space  for  tbe  Temporal  musnle.  In  skulls  vvliich  have  a  more  pyramidal  sIuhjc,  as  iti  the 
ksfjuimaux  or  ( Jreenlander,  the  malar  iKines  do  trot  project  forward  and  drjwnward  under  the 
eyes,  as  in  the  preceding  form,  but  take  a  ilirection  outward,  forming  with  the  zyjioma  a  htree, 
rounded  sweep  or  segment  of  a  circle.     ThuB  it  happens  that  if  two  hues  are  dniwu  fnun  the 
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ly^mjitic  arches,  touching  the  ttmp<jml  ridges,  they  meet  over  the  top  of  the  head,  ii 
mm  pttralJcI.  or  nearly  so,  as  iu  the  European  akulL  iu  which  the  zygomatic  arche 
nearly  nj  promiRerit.     Ihis  irives  to  the  tUee  ii  more  or  leas  oval  tyrte.     5.  Behind  tho  t 


instead  of 

_  hes  are  not 

nearly  nj  promiRerit.  This  j^ives  to  the  face  a  more  or  leas  oval  tyfte.  5.  Behind  tho  ear  L^  the 
moitoul  portnm  of  tht  tftHpontf  fnmt\  pkiitily  to  h^  felt,  iind  teniiiTiiitinL'  beluw  in  a  nipple- 
itmped  pnx*es5.  Its  anterior  Ixjnler  t/ari  be  traced  iimiieiliatoly  t>ekintl  the  enneha,  and  its  apex 
is  on  about  a  level  with  tlie  lobule  uT  the  ear  It  is  rudimentarv  in  infancy,  but  gradually 
develops  in  ehrblhood,  and  is  nioru  marked  in  the  negro  than  in  the  European,  0.  Tlie  ejctenml 
ftteJpihtl  prr/fufM'raftcr  is  always  plaiidy  to  be  felt  just  at  the  level  where  the  skin  of  the  nei^k 
joins  that  of  the  head.  At  this  ]x«int  tbe  ^knll  is  thick  for  the  purjxijses  of  safety,  while 
mdtatinif  from  it  are  numeruus  entrved  aridie,'*  or  buttresaes  of  bone  which  ^'ive  to  this  portion  of 
the  sk all  further  seeurity,  7.  Running'  outward  on  either  side  from  the  external  ocx?ipitul  protti- 
berunee  is  an  arched  ridge  of  botie.  which  eau  W  more  or  letis  plainly  perceived.  This  is  the 
iuperuft  cHtrrti  //«<■  of  the  weipital  l>one,  and  given  at rat^-b merit  to  s<jnie  of  the  museles  which 
keep  the  hea*!  erect  on  the  spine;  aeconJingly,  we  lind  it  more  developed  in  the  negro  tribes,  in 

^whorn  the  laws  are  mwA\  more  miLssive,  and  therefore  require  stronger  mtiscles  to  prevent  their 
extra  weight  tarrying  the  hespl  forward.  Below  this  line  the  surface  of  Ume  at  the  back  td'  the 
hmd  18  obscured  by  the  overlying  muscles.  Above  it,  the  vault  of  tlw?  cranium  is  thinly  covered 
'irith  scdt  stmctures.  si>  that  the  form  of  this  part  of  the  head  is  almost  exactly  that  of  the  upj>er 
portion  of  the  oeeipitah  the  parietal^  and  the  frontal  bones  tliemndves;  and  in  bald  jiersons 
even  the  line»  of  junction  of  the  Ujnes,  esix^ially  the  junction  of  the  <Mvipital  and  jiarietal  at 

I  the  kmbiloid  siiture,  may  he  defined  as  a  slight  depression^  ciiiised  by  the  thickening  of  the 
boideiB  of  the  hones  in  this  situation,  8.  In  tbe  line  of  the  greatest  transverse  diameter  of  the 
head,  on  each  aide  of  the  middle  line,  are  generally  to  be  found  the  pfirirtal  rmiuatees,  though 
soroetitnes  thestf  eminences  are  not  situated  at  the  point  of  the  greatest  tnmsverse  diameter, 
which  is  at  some  other  prominent  part  of  the  parieta!  region.  They  denote  the  |>oint  wbeit: 
twilMiyon  of  tin?  bone  l>egan.  They  are  nitich  niorti  prominent  and  well-m^irkcHl  in  early  life, 
Ifr^BOaKq Hence  of  tbe  abarper  curve  of  tbe  bone  at  tbis  jieriod.  so  that  it  describes  the  segment 
'  of  »  smuUer  circle.  Later  in  life,  as  the  bone  grows,  tlie  curve  spr<?ud8  out  and  ibrnis  the 
ie|:ine4it  of  a  larger  cirele,  so  that  the  eminence  bectmies  less  distinguishaljle.  In  consequence  of 
this  sharp  curve  of  the  bone  in  early  life,  the  whole  of  the  vault  of  the  skidl  has  a  s^iuarer  shai>e 
than  it  has  in  later  life,  anii  this  appearance  may  persist  in  some  rickety  sknlls.     The  eminmce 

I    is  more  apparerit  in  the  negro's  skull  than  in  that  of  the  European.     This  is  due  to  greater  flat 
tenini^  of  the  temporal  fossa  in  the  former  skull  lo  ;ieconnno<late  the  larger  Tern p<>ral  nuiscle 
which  exists  in  these  races.     Tbe  parietal  eminence  is  purticidarly  exposed  to  injury  from  blows 
or  fails  on  the  heatl,  but  fracture  is  to  a  certain  extent  prevented  by  the  shape  of  the  bone, 
which  forms  an  arch,  so  that  tlie  force  of  the  blow  is  diffused  over  the  bone  in  ever>"  direction. 
9,  At  the  side  of  the  head  may  be  felt  the  (nttporal  ridge.     Commencing  at  the  external 
angular  process,  it  may  be  feh  ils  a  curved  ridge,  passing  upwartl  and  then  carving  backward^  on 
B   the  frontal  l^one,  separating  the  forehead  from  tlie  temiioral  tosst*.     It  may  then  be  traced,  jiiiss 
H  ing  backward  in  a  curved  dire«"tion,  over  the  parietal  Ixine,  and,  though  less  marked,  still  gen- 
H  erally  to  he  recognized.     Finally,  the  ridge  curves  downward,  and  terminates  in  llie  posterior 
f  root  of  the  zygoma,  which  scfmrates  the  squamous  from  tJie  subcutaneous  mastoid  portion  of  the 
1      tempond  fc>one.     Mr.  Victor  Horsley  has  recently  shown,  in  an  article  on  the  ''Topography  of 
the  Cerebnil  Cortex,  '  that  the  second  temporal  ridge  (see  paee  ITU)  can  he  made  out  on  the 
Uving  body.      10.  The  fronttti  emumicAs  vary  a  good  deal  in  different  individuals,  being  con* 
giderably  monf^  prominent  in  some  than  in  others,  ami  they  are  often  not  sytnmetrieal  on  the  two 
aides  of  the  lx»dy,  the  one  being  miiih  more  f>ronounced  than  the  other.     This  is  often  especially 
noticeable  in  the  skull  of  the  young  child  or  infant,  and  becomes  less  marked  as  age  advances. 

•  Tlie  prominence  of  the  frontal  eminences  depends  more  upon  the  general  shape  of  the  whole 
bone  than  upon  the  si/e  of  ihe  protubenuiccs  thenjs*dves»  As  the  skull  is  more  highly 
developei.1  in  consequence  of  increased  intellectnal  capa^'ity,  so  the  frontal  bone  bec*.»mes  mure 
iipngbr  and  the  frontal  eminences  stand  out  in  Ujlder  relief  Thus  they  may  be  considered  as 
affuniing.  to  a  certain  extent,  an  indication  of  ibe  development  of  the  hemispheres  of  the  brain 
beneath^  and  of  the  menial  powers  of  the  individual.  They  are  not  m  much  exposed  to  injury 
aa  the  parieUil  eminences.  In  tails  forw^inl  tlie  upper  extremities  are  involunfardy  tlirown  out, 
and  hreak  the  force  of  the  fall  and  thus  shield  tlie  frontal  bone  from  injury.  H.  Below  the 
fnmtal  eminences  on  the  forehead  are  the  itnprrcifitin/  rii(f/fj<^  which  denote  the  juKsition  of  the 
fnjntul  sinuses,  and  vary  according  to  the  sixe  uf  the  sinuses  in  different  individuals,  heingt  as  a 
rule,  small  in  the  female,  absent  in  childiynt  ami  sometimes  unusually  prominent  in  the  male, 
when  the  frontal  sinusi?s  are  larv^ely  develijped.  They  commence  on  cither  side  tpf  the  glabella, 
and  at  first  present  a  rounded  ibrni.  which  gradually  fades  away  at  their  outer  cutis,  lli.  The 
!  iM}itrK  forni  the  prominence  of  the  nose.  They  vary  mnch  in  size  and  shape,  and  to  them 
e  the  varieties  in  the  contour  of  tliis  or^ran  and  much  of  the  character  of  the  face.  Thu.s^ 
E  the  Mongolian  c*r  Ethiopian  they  are  tlat,  broad  and  thick  at  their  base,  giving  to  these  tril>es 
the  tiattened  nose  by  whieh  they  are  characterized,  and  differing  very  deciiledly  Imm  the 
Caucasian,  in  whom  the  nose,  owing  to  tfie  sliapt;  of  the  nasal  bones,  is  narrow,  elevated  at  the 
liridge,  and  eloniratt-'d  downwanL  Below,  the  nas:d  hones  ;ire  thin  and  connected  with  the  ear- 
tilmres  of  the  nos4»,  ami  tlie  anLde  or  an*li  formed  by  their  union  serves  to  throw  out  the  bridge 
of  the  n*yse.  and  is  much  more  markeil  in  some  inelividiials  than  others.  13.  Tlie  foittr  marqin 
i  of  tht  oAiit,  forinCMl  by  the  superior  luaxilliiry  bone  and  the  malar  btme,  is  plainly  to  be  felt 
( toniaghoat  lis  entire  length.     It  is  eontinuuus  intt!rnally  with  the  nasjd  process  of  the  superior 
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niaxillan'  lioiie,  whieh  lomis  the  iniitT  bouinliiry  of  the  orbit.  At  die  jMiint  i>f  junction  of  the 
l<Hver  iiijiririii  of  the  orbit  with  the  Tisisiil  i^roress  it*  to  he  felt  a  httlc  tiibcn-k  of  bune,  which  can 
be  plainly  perceivrd  by  runnin^L:  the  tinner  'dhmii  the  bime  in  this  situation.  This  tubercle  server 
UA  II  ^mide  to  the  position  uf  the  laehrymal  snt\  whti-h  h  situatvcrl  ahove  and  behind  it.  14.  The 
iHJtline  of  tlie  fowrrjnw  is  ti>  \k'  felt  thruughnut  its  entire  length.  Just  in  front  of  the  tra^fU&of 
tlie  external  ear,  and  below  the  zygoiuatic  an -h,  the  condyle  eun  be  made  out.  When  the  mouth 
is  opened  this  jirouiiuenee  of  taone  can  be  pert^eived  advaneinc  out  of  the  glenoid  fossa  on  to  the 
CTiiidentia  articuhiri.s  antl  receding  again  when  the  uioiitli  is  closed.  From  the  condyle  the  j>o«- 
tcrior  Uinier  <)f  the  ramns  <-mi  h»e  felt  extending  dfovyn  tti  the  anjtrle.  A  line  drawn  from  the  con- 
ilyle  to  the  ani-le  would  indieiUe  the  extict  position  of  this  border.  From  the  angle  to  the 
s\ini>hy8irt  of  the  chin  the  lower,  rounded  border  of  the  Ixxiy  td'  tlie  bone  is  plainly  to  be  felt. 
At  tlie  |>oint  of  junetion  of  the  two  halves  of  the  bone  is  a  well-marked  trian^Iar  eminence,  the 
7nt:ntfiJjtroa:s.H,  which  fnnus  the  prominenee  of  the  chin. 

Surgical  Anatomy. — An  arrest  in  the  ossifving  process  mar  give  rise  to  deficiencies  or 
gaps;  or  ttj  fij^surcs.  which  are  <d'  importance  in  a  medico-legal  point  of  view,  as  thev  are  liable 
to  oe  inistaken  for  fractures.  The  tissares  generally  extend  frum  the  margin  towarti  the  centre 
of  the  bone,  but  gn]i»  mny  be  fjiuid  in  the  middle  us  well  as  at  the  edges.  In  eounse  of  time 
they  may  become  covered  with  si  lb  in  laujint*  of  bone. 

Occasionally  a  protrusion  of  the  brain  nr  its  membranes  may  take  place  through  oneof  the<ie 
gaps  tn  an  imperfectly  developed  skull  When  the  pmtrnsion  consists  of  membranes  only,  and 
m  felled  with  cercbro  spinal  fluid,  it  is  called  a  mtnitigntrff ;  when  the  protrusion  eonaistfi  of  brain 
as  well  as  memi>ranei>,  it  is  terme<l  an  ^ticrphtrfocrh  ;  and  when  the  protnidcd  brain  i.sa  prolongii' 
tion  froni  one  of  the  ventricles,  and  is  distended  bv  a  collection  of  tinid  Irom  an  accumulation  in 
tlie  ventricle,  it  is  termed  an  hj/tlirnefphthm'h*.  This  latter  condition  is  frequently  fottnd  at  the 
root  of  the  noae^  where  a  protrusion  of  the  anterior  bom  of  the  lateral  venlricie  takes  pluee 
tlirijuirh  a  deficiency  of  the  frouto-nasal  suture.  These  malformations  are  usnally  fonnd  fn  the 
middle  line,  and  most  frequcnlly  at  the  Itaek  of  the  head,  the  protrusion  taktntr  place  through 
the  fissures  which  separate  the  lour  centres  of  ossification  fnnn  wdiicb  the  tabular  portion 
is  originally  develojwd  tsee  page  1(57).  Tliey  most  irapiently  occur  through  the  upi>er  part  of 
the  vertical  fissure,  which  h  the  bust  to  ossify,  but  not  iincomuionly  tlirougli  the  lower  part,  when 
tlie  foramen  maiz^niim  may  be  inc<*ui|4etej  M«jre  nircly  these  [protrusions  have  been  met  with  in 
other  situuti(ins  than  thosi»  two  above  mentioned,  both  thraugh  normal  fissures,  as  the  sagittal, 
lumiidoid,  and  other  sutures,  and  also  through  abnonnal  gaps  and  deficiencies  at  the  aides,  and 
even  at  tlie  hiu^e  of  the  skull 

FracturciJ  fd'  the  skull  may  he  divided  into  those  of  the  vault  and  tliosc  of  the  base.  Frac- 
tures of  the  vault  are  usually  produced  by  direct  violence.  This  portion  of  the  skull  varies  in 
thickness  and  strength  in  different  indiviilnals,  hut,  as  a  rule,  is  sutTEiciently  strtmg  to  resist  a  very 
considerable  amuunt  of  violence  without  being  fractured.  This  is  due  to  sevenil  causes:  the 
rounded  shape  of  the  head  and  its  conatruetion  of  a  number  of  seixmdary  elastic  arches,  each 
uiside  up  of  a  single  bone ;  the  fact  that  it  consists  oi"  a  number  of  bones,  united,  at  all  events  in 
early  lifi^,  by  asutural  lis:anient,  which  at?ts  as  a  sort  of  bulTerand  internipt^s  the  continuity  of  any 
vioiem*e  applied  to  the  skull ;  the  presence  of  arehes  ur  ridges,  Uith  un  the  inside  and  outside  of 
the  skull,  whicli  materially  strcngtheu  it :  and  the  niohility  of  the  head  vijwjn  tlie  spine  which 
further  enaldcs  it  to  withstand  violence.  The  elasticity  of  the  bones  of  the  hea<l  is  esi>ecial]y 
marked  in  the  sknll  of  the  child,  and  this  fact ^  together  with  the  wide  separation  of  (lie  indi- 
vidual bones  from  each  other,  and  the  interpositiiin  Wtween  them  of  other  softer  structures 
renders  fracture  of  llic  iKmes  of  tlie  hca<l  a  very  uncommon  event  in  infants  and  rpiite  young 
children;  as  age  advances  and  the  bones  l>ecome  ioined,  fnicture  is  more  common,  tiiough  still 
less  liable  to  occur  than  in  the  at  hilt.  Fnietures  of  the  vault  may,  and  generally  do,  involve  the 
vrhole  thickness  of  the  bone  ;  but  sometimes  one  table  may  be  Ihictured  without  any  corresiKind- 
iiig  injury  to  the  other.  Thus,  tlie  outer  table  of  tlie  skull  may  be  splintered  and  driven  into  the 
diploe,  or  in  the  frontal  or  mastoid  regions  into  the  trnntal  or  miL^ttud  cells,  without  any  injury 
to  the  iutcrnid  table.  And  on  the  other  hand,  the  internal  table  has  been  friKHured,  and  j)or- 
tions  of  it  dejiressed  and  driven  inward,  without  any  fracture  of  the  outer  table.  As  a  rule,  in 
fractures  of  the  skull  tlie  inner  table  is  more  sohntered  and  comminuted  than  the  outer, 
and  this  is  due  to  several  causes.  It  is  thinner  ami  more  brittle;  the  force  oi'  tlie  violence  as  it 
pasvses  inward  becomes  liroken  up,  and  is  more  diffused  by  the  time  it  reaches  the  inner  table; 
the  l>one,  being  in  the  form  of  an  andi,  bentls  as  a  whole  and  sjireads  out,  and  thus  presses  the 
particles  together  on  the  cunvex  surllice  of  the  arch — i.  f.  the  outer  table — and  forces  them 
HJiundcr  on  the  c<jncave  surface  or  inner  table ;  ami,  laiitly,  there  is  nothing  firm  under  the  inner 
table  to  support  it  and  oppose  the  force.  Fractures  of  the  vault  may  be  simple  fissures  or  starred 
and  comminuted  fractures,  and  these  may  be  depressed  or  elevated.  These  latter  cases  of 
fracture  witli  elevation  of  tlie  thictured  portion  are  nncomunui.  iiiitl  can  only  l>e  pnxlnced  by 
direct  wound.  In  comminnted  fracture  a  i^Mirtion  of  the  skull  is  broken  into  several  piec^a, 
the  lines  of  fracture  radiating  from  a  centre  where  ihe  chief  im|mct  of  the  blow  was  felt; 
if  depressed,  a  fissure  cinruniscribcs  the  mdiating  line,  enclosing  a  tKjrtion  of  skull  If 
this  area  is  circular,  it  is  termed  a  "pond''  fracture,  and  would  in  all  pn.>bability  havel^een 
cauwd  by  a  round  instrument,  as  a  hfe-preserver  or  hammer;  if  elli|[>tical  in  sh,ii>e,  it  is 
tenned  a  *'  gutter  fnicture/*  and  would  owe  its  shape  to  the  instrument  which  had  proaneed  it, 
as  a  noker. 

Fractures  of  the  base  are  most  fre<pient!y  produced  by  the  extension  of  a  fissure  from  the 
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^fwm^where  in  the  net f^hbf>rhix>(iT>fll7pi^^^^^^^^^Bi>nBS downward  thTonj^h 
lanetal  and  S(]iiaiiioiis  pr>rtii>ii  of  the  tem[>r>rdl^^HH^^^^H6  petrous  ptjrtiuii  oY  this 
frequently  trnversinc  liiiJ  implicating  the  intomar^fTRSry  meskii;.  to  the  middle  brerated 
leu.  Fn>m  this  it  may  ptL'ss  hctoss  the  body  of  the  sphenoid,  itmnjifh  the  pitnitun*  fossa  to 
liddle  laeenited  Ibramen  oft  lie  other  side,  and  may  indeed  trtivel  round  the  whole  cranium^ 
to  eompletcly  s^pnrate  the  anterior  trtim  the  jMJStoHor  part.  The  course  of  the  fntct tire 
d  be  borne  in  mind,  as  it  explains  the  symptoms  to  which  fraeture  in  thi.s  rettion  may  give 
thus,  if  the  fiivsore  pjias  aoroivs  tlie  interniil  atiditory  meatus,  itijury  to  the  faeiai  and 
or)"  nerves  may  rej^u It,  with  wmiietjuent  Ikeial  nanily!?is  and  deafneiss ;  or  the  tubiikr  pro- 
tion  of  the  arachnoid  around  these  nerAt*  in  the  meatus  may  he  toni.  and  thus  iK-nnit  of 
Bcai*e  of  the  eerehro  spimd  fluid  s>hould  there  be  a  conimunieation  between  the  internal  ear 
he  tympanum  and  the  membmna  tympatii  be  rufftured.  a^  k  frequently  the  ease;  again,  if 
,ssure  passes  acniss  the  pitnitary  fetva  and  the  nuico- periosteum  eoveriui!  the  under  surfnee 
?  Ixidy  of  the  sphenuid  is  t**rn.  bluoil  will  tind  its  way  into  the  pharynx  and  be  swallowed, 
itu-ir  a  time  vumitijui  of  bi<Mjsl  will  re.^ult.  Fractures  of  the  anterior  frjasa,  involving  the 
I  forminu  the  roof  of  the  orbit  and  nasal  fossa*  are  generally  the  results  of  blows  on  the  fore- 

but  fracture  <d'the  erihrilbnn  i>liite  of  the  ethmoid  may  he  a  eompliciition  of  fnieture  of 
bone.  When  the  tnicture  imt)ljrates  the  roof  of  the  orbit,  the  blood  finds  its  way 
his  cavity,  and,  travellini?  ibrwanl,  amiears  as  a  sulxonjuiietival  ecchymosis.  If  the  nNjf 
e  nasal  fi>s$ia  be  iraetitred,  the  bloml  escapes  from  t!ie  nose.  In  rare  eases  there  may 
so  escape  of  eerebro-spinal  fluid  from  the  nose  where  the  dura  oiater  and  arachnoid  have 
lorn.  In  firaetures  of  the  posterior  fossa  extravasatiou  of  blood  may  ajipear  at  the  nape  of 
eck. 

The  bones  of  the  skull,  being  subcutaneous,  are  frequently  the  seat  of  nodes,  and  not  un- 
lonly  necrosis  results  from  this  cause,  as  well  as  tn>m  injur>\  Necrosis  may  involve  the  en- 
hieknesg  of  the  skull,  but  is  usually  confined  to  the  external  table.  Necrosis  of  the  internal 
alone  is  rarely  met  with.  The  bones  of  the  skull  are  also  frnjuently  the  seat  of  sarcoma- 
mmor. 

Hie  ,'^kuU  in  rickets  is  necnliar:  the  forehead  is  high,  Sfpiare,  and  projecting,  and  the 
o-posterior  diameter  of  tlie  skull  is  long  in  relation  to  the  tninsverae  diameter.  The  bones 
le  face  arc  small  and  ili-dcvel<q>ed.  and  this  gives  the  appearance  of  a  larger  bead  than 
Hy  exists.  The  bones  of  the  head  are  rd\en  tliick.  especially  in  the  neigblmrhood  <d'  the 
efit  and  the  anterior  fontanel  le  is  late  in  closing,  sometimes  remainii%'  unclosed  till  the  Ibiulh 

The  condition  oY nafiialfthts  has  bj'  some  been  also  believed  to  he  the  rcsnlt  of  n**kets,  by 
B  b  believed  to  Ine  due  to  inherited  syphilis.  In  these  cases  the  Iwne  underL^oes  afropliic 
res  in  patches,  so  that  it  becomes  great ty  tin rmcd  in  places,  getiendly  where  there  is 
lire,  as  from  the  pillow  or  nurse's  arm.  It  is,  therefore,  usually  met  with  in  the  parietid 
and  vertical  platt*  rd'the  oeei[>ital  bone. 

In  congenital  syphilis  deposits  of  porous  iHine  are  often  found  at  the  ankdes  of  the  parietal 
I  nod  two  halves  id'  tbefrttntal  Ivone  which  iHiund  the  anterior  fontaiielle.  These  dei>^  is  its 
^parated  by  the  coronal  and  sagittal  sutures,  and  ^'ive  to  the  skull  an  appearance  like  a  ''  hot 
bun,"  They  are  known  as  Parrot "s  nodes,  and  such  a  sktdl  hiis  received  the  name  of  mtti- 
,  ftTom  its  faticied  resi'mbkuice  to  the  buttocks. 

Id  connection  with  the  Ixaics  of  the  face  a  tiuninun  mallbniTation  is  cfeft  pahtCy  owing  to 
lOn-anion  of  the  palatal  pnH'esses  of  the  maxillary  or  t>re-oral  arch  (see  page  118).  This 
mav  involve  t!u?  whole  or  only  a  ixirtion  of  the  hard  palate*  and  usually  involves  the  soft 
e  also.  The  cleft  is  in  the  middle  line,  except  it  involves  the  alveolus  in  front,  when  it  fob 
tliesutiiie  between  the  main  oortion  of  the  Done  and  the  nre-maxillarv  bone.     tSometimes 
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direct  violence,  as  is  usually  tlie  ca^,  the  fra.tjmeiits  may  be  displaced  inward.  Thi.^  lesion  ii 
ot\eD  attended  with  great  difht'iilty  or  even  inabiht^^  to  open  and  jshiiL  the  niimth,  and  this  luig 
been  staled  to  be  due  to  the  depressed  fragniciits  perforating?  the  tenjfMiral  nin^cle,  but  would 
appear  rather  to  be  can.sed  by  the  in  jury  dune  to  the  btjny  oriirin  of  the  Miisseter  must^le* 
l^nK'tnres  of  the  mjHf'mv  maxHia  may  vary  ni ueh  in  de^rree,  fnmi  theehipping  off  of  a  portion 
of  the  alveolar  an'h,  a  frequent  aeeident  when  the ''old  key"  instninieut  was  used  for  the 
extraction  of  teeth,  to  an  extensive  eumininiition  of  tlie  whole  Ixme  frum  severe  violenee,  110  ibe 
kick  of  a  hur^e.  The  most  wnimon  situation  for  a  frartare  of  the  in/en'or  nuLTillury  Itone  b  in 
the  neighbi)rhtwjd  of  theeanine  tooth,  as  at  tliia  spot  the  jaw  is  weakened  by  the  deep  socket  for 
the  fane  of  this  tooth  ;  it  is  next  most  freoueiitly  fractured  at  the  an^de  ;  then  at  thesynDpliysis, 
and  finally  the  mtek  of  tlie  condyle  or  the  eoronoid  process  maybe  broken.  Occasion  ally  a 
double  fhwitiire  may  occur,  one  in  either  half  of  tht;  hone.  The  fraetures  are  usually  comiKmndt 
ir«jm  laceration  of  the  muroua  membrane  eovciintr  the  ^inns.  The  disjrtlaeement  is  luaiuly  tite 
result  of  the  same  violence  as  prodiK^ed  the  inju^>^  but  may  Ije  further  increased  by  the  action 
of  the  mus(."les  passinsj  from  the  neichlxrrhood  of  the  symphysis  to  the  hyoid  Injne. 

The  superior  and  inferior  maxillar\^  bones  ure  both  id'  them  Irequently  (be  seat  of  necrv»si9» 
though  tlie  dis<^:ise  affeet.s  the  lower  much  more  frequently  than  the  upper  jaw,  probahlv  on 
account  of  I  he  (k^reate^r  supply  of  blood  to  the  latter  It  niay  be  the  result  of  periostitis^  from 
tooth  irritatioti,  injury,  or  the  action  of  some  sj>ecidc  poison,  as  syphilis,  or  from  salivation  by 
raereurj';  it  not  unfrequently  occurs  in  children  afkT  attacks  of  the  exantheuiatous  fevers,  ana 
a  sneeial  form  oetnirs  from  the  action  of  the  fiimes  of  phosphorus  in  pcrst»ns  engaged  in  match- 
malcing. 

Tumors  attack  the  jaw-bones  not  infrequently,  and  these  may  he  either  innocent  or  malig- 
nant: in  the  tipper  jaw  cysts  may  occur  in  the  antnun,  constituting  the  so-called  dropsy  of  the 
anlrnm  ;  or,  again,  cysts  may  form  in  either  jaw  in  connection  with  the  teeth  :  either  cyst*  con- 
nected with  the  rooLH  of  fully-developed  teeth,  the  "dental  eystr'  or  cysts  connected  with 
imperfectly  developed  teeth,  the  "  denturernuscyst^  "  Solid  iniioeenttimiors  in  elude  the  Bbroma, 
the  chondroma,  and  the  osteoma.  Of  malie^nant  tumors  there  are  two  classes,  the  sarcomata 
and  the  epithelioma.  The  san'oma  are  of  various  kinds,  the  stnndle'celled  aiul  round H'ellcHl,  of 
a  very  maliirniiut  chanuvier  and  the  myeloid  sarcoma,  principally  affecting  the  alveolar  mar>nti  of 
the  bone.  Of  the  erjitheliomatu  we  find  the  S(|uanious  variety  spreading  to  the  l>one  trom  the 
palate  or  ixi«m,  and  the  eyiindrical  ejiithehoma  ori^inattnL'  in  the  aninmi  or  nasal  IbssfE. 

Both  superior  and  inferior  maxillary  Umes  occasionally  require  rcmoviil  lor  tnmors  and  in 
some  other  conditions.  The  upper  jaw  is  removed  by  an  incision  Irom  the  inner  canthus  of  t^he 
eye,  along  the  side  of  the  no.se,  ronnd  the  ala^  and  down  the  middle  line  of  the  upper  lip.  A 
second  incision  is  carried  outward  Irom  the  inner  canthus  of  the  eye  alone:  the  lower  margin  of 
the  orliit  a^  far  as  ific  prtimincnce  of  the  malar  Kjna  The  flap  thus  formed  is  reflected  outwaid 
and  the  surface  of  the  bime  exposed.  The  connections  of  the  bone  to  the  other  l)ones  of  the 
face  art-^  then  divided  with  a  narrow  saw.  They  are  (1 )  the  junction  with  the  malar  Ixme,  pass- 
ing into  the  spheno-maxillary  fissure ;  (2|  the  nasal  process;  a  small  portion  of  its  upper 
extremity,  connected  with  the  nxsal  bone  in  fojut,  the  laclirymal  Ixme  hehmd,  mid  tlie  frontal 
bone  aliove.  bein^  left  ;  {?*)  the  connection  with  the  lione  on  the  oi>p(>site  side  and  the  palate  m 
the  n>of  of  the  mimtb.  The  bone  is  n+iw  firmly  ^'rasped  with  lioti-forceps,  and  by  means  of  a 
rix^king  movement  iq>waril  and  downward  the  remainmL'  attachments  of  the  orbital  plate  with 
the  ethmoid,  and  the  haek  of  the  bone  with  the  palate,  broken  throueb.  Thestdt  palate  is  first 
separated  from  the  hard  with  a  scalpel,  and  is  not  removctb  OceasionalK  in  removini>r  the  upper 
iaw  tt  will  be  found  tli;it  the  orhit^d  phite  can  be  spartMl,  and  this  should  always  be  done  if  possi- 
ble. A  ln>rizoiital  saw-cot  is  to  be  miide  just  ijclovv  the  intraorbital  foramen  and  the  bone  cut 
through  with  a  ihisel  and  mallet.  Removal  of  one-half  of  the  lower  jaw  is  .sometimes  required. 
If  possible,  the  section  of  the  bone  shoidd  be  made  to  one  side  of  the  symphysis.  s<i  as  to  save 
the  genial  tuliercles  and  the  origin  of  the  t'eniodi>'o-elossns muscle,  as  otherwise  the  tongue  tends 
to  fall  backwanl  athl  may  produce  sufTiM-iuion.  Havintr  extntcted  the  central  or  prefenibly  the 
lateral  incisiir  tooth,  a  vertie:d  ineision  is  nmde  *lown  to  the  Umv.  conjmencinjL'at  the  fre^  margin 
of  the  H]>,  and  carried  to  the  lower  Lwirder  of  the  bone:  it  is  then  carried  alomr  its  lower  border 
to  the  ariLde  and  up  the  jxisterior  martrin  of  the  ramus  to  a  level  witli  the  loljule  of  the  ear. 
The  flap  thus  formed  is  raised  by  separating  all  tlu*  structures  attached  to  the  outer  surface  of 
the  Ikjim',  Tlie  jaw  is  now  siiwn  through  at  ilie  point  where  the  tt^oth  has  been  extracted,  and 
the  knife  passed  alonir  the  inner  side  of  the  jaw.  sepaniting  the  structures  attached  to  this  sur- 
face. The  jaw  is  now  gnispcd  by  the  surgeon  and  stronidy  depressed,  so  as  to  bring  down  rh« 
coronoid  jnocess  andenahle  the  openitor  to  sever  the  tendon  of  the  temporal  muscle.  The  jaw 
call  lie  now  fnrtlicr  dejirc8.sid.  care  lM?inL^  taken  not  to  evert  it  or  r*jtate  it  outward,  which  would 
enilantrer  tlie  internal  maxillury  arter\%  and  t!ie  external  pter):t[oid  torn  throngh  or  divided.  The 
capsular  lij^amcnt  is  now  opened  in  front  and  the  lateral  ligaments  divided ^  and  the  jawremov^ 
with  a  tew  final  tonches  of  the  knife. 

The  antrum  occiLsiunally  requires  tapping  lor  suppiirati<vn.  This  may  be  done  through  the 
socket  of  a  tixuh,  prelerably  the  first  molar,  tiie  fanes  of  which  are  most  intimately  connected 
with  the  antrum,  or  thrttugh  the  facial  aspect  of'  the  bone  aWve  the  alveolar prcK»ess.  This  latter 
method  does  not  pc^rbaps  aflfonl  such  efficient  dminaee*  but  there  is  le^ss  chance  of  food  finding 
liH  way  into  the  cavity.  The  o(H?ration  may  be  performed  by  incising  the  nincous  membrane 
aWve  the  seeond  molar  toothy  and  driving  a  trocar  or  any  sharp-pointed  instrument  into  the 
cavity. 
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Kio.  na.— Hyoid  bone,    ADterior  surfAce,    (Enlargtiili 


TIE  HYOID  BONE, 

Tie  Hyoid  bone  is  named  from  its  resemblance  to  the  Greek  upsilon ;  it  is 

fled  the  Ungual  fioni\  because  it  supports  the  tongue  and  gives  attachment 
numerous  muscles.  It  is  a  bony  arch,  shaped  like  a  horseshoe,  and 
sliDg  of  five  segments,  a 
f   two   greater   cornua,    and  ^^  Grmttr  Qymu. 

lesser     cornua.        It      is     SUS-  gf  moo^.^  oomnmcrw  t^f  Phtft^HT. 

ed  from  the  tip  of  the  sty- 
processes   of    the    terajjoral 

by  ligamentous  bands,  the 
h^oid  ligaments* 
'he  Body  (hatri-hf/al)  forms 
entral  part  of  the  bone,  anil 
a  quadrilateral  form ;  its 
ior  mirfact'  (Fig,  178),  con- 
iirected  forward  and  upward, 
fided  into  two  parts  by  a 
:al  ridge  which  descends 
;  the  median  line,  and  is 
ed  at  right  angles  by  a  hori- 
hl  ridge,  so  that  this  surface  is  divided  into  four  spaces  or  depressions.  At 
>oint  of  meeting  of  these  two  lines  is  a  prominent  elevation,  the  tuherde. 
portion  above  the  horizontal  ridge  is  directed  upward,  and  is  sometimes 
ibed  as  the  superior  border.  The  anterior  surface  gives  attachment  to  the 
o-hyoid  in  the  greater  part  of  its  extent:  above,  to  the  (jrenio-hyo-glossus ; 
r.  to  the  Mylo-hyoid,  Stylo-hyoid,  and  aponeurosis  of  the  Digastric 
ahyoid    aponeurosis);    and    between    these    to    part  of   the    Hyo-glossus. 

posterior    mrfae*:    is    smooth,   concave,  directed    backward  and  downward, 
separated   from    the    epiglottis     by    the    thyro-hyoid    membrane    and    by 

Etity  of  loose  areolar  tissue.  The  superior  border  is  rounded,  and 
tachment  to  the  thvro-hyoid  membrane,  part  of  the  Oenio-hyo-glossi  and 
>-glossi  muscles.  The  inferior  horder  gives  attachment,  in  front,  to  the 
lo^hyoid ;  behind,  to  the  Omo-hyoid  and  to  part  of  the  Thyro-hyoid  at  its 
tion  with  the  great  cornu.  It  also  gives  attachment  to  the  Levator  glanduhe 
>ideae  when  this  muscle  is  present.  The  lateral  nurfaven  are  8mall,  ovaK  con- 
■ftcets,  covered  with  cartilage  for  articulation  with  the  greater  cornua. 
'he  Greater  Comua  (tlv/ro-hi/al)  project  backward  frrmi  the  hiteral  surfaces  of 
lody ;  they  are  flattened  from  above  downward,  diminiiih  in  size  from  before 
i^rani,  and  terminate  posteriorly  in  a  tubercle  for  the  attachment  of  the  lat- 
thyro-hyoid  ligament.  The  outer  surface  gives  attachment  to  the  Hyo-glos- 
their  upper  border  to  the  Middle  cnnstrictor  of  the  pharynx,  their  lower  bor- 
o  part  of  the  Thyro-hyoid  mu.^cle*  In  youth  the  great  cornua  are  connected 
a  body  by  cartilagintjus  surfaces  and  held  together  by  ligaments ;  in  middle 
:hey  usually  bec(»me  joined, 

'he  Leaser  Comua  {eenito'hi/al»)  are  two  small,  conicid-shaped  eminences 
bed  by  their  bases  to  the  angles  of  junction  between  the  body  and  greater 
la,  and  giving  attachment  by  their  apices  to  the  stylo4jy!_*id  ligaments,^  The 
ler  cornua  are  connected  to  the  body  of  the  bone  by  a  distinct  diarthrodial 
,  which  usually  persists  throughout  life,  but  occasionally  becomes  ankylosed. 
•evclopment, — hy  five  centres:  one  for  the  body,  and  one  for  each  cornu* 
ication  commences  in  the  IkhIv  about  the  eighth  month,  and  in  the  greater 
la  toward  the  end  of  f(^tal  life,  Ussificaiion  of  the  lesser  cornua  commences 
months  after  birth, 
.ttachment  of  Muscles, — Sterno-hyoid,  Thyro*hyoid,  Omo-hyoid,  aponeurosis 

Th&^  Ugsments  in  maay  anioiAlB  arc  distinct  bont^  and  in  man  are  occa&ioiiaJly  ossified  to  a 
s  extent. 
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of  the  Digastric,  StYlo-hvoid,  Mylohyoid,  Geniohyoid,  Genio-hyoglossus.  Chon^ 
dn>gIos3U8,  Hyoglossus,  Middle  constrictor  of  the  pharynx,  and  occainionally  a  few 
fibres  of  the  Lingtialis.  It  also  gives  attachment  to  the  thyro-hyoidean  naembrane 
and  the  stylo-hyoid,  thyro-hyoid,  and  hyo-epiglottic  ligaments. 

Surface  Form.— The  hyoid  hone  can  he  felt  in  the  receding  angle  hiHow  the  chin,  and  the 
finger  can  he  (nirried  along  the  whole  length  of  the  lnuje  to  th«  greater  I'oniu,  which  is  gi tutted 
just  helow  th«  angle  of  the  jaw.  ThixS  i>ntees^  of  luine  \'A  Iwst  pemeived  %  nniking  pressure  on 
otieeornu,  ami  »i  pushing  the  txjne  over  to  the  cmjKi.site  side,  when  the  cornu  of  this  side  will 
be  distiuetly  feh  im  mediately  beneath  the  skin.  This  process  of  bone  is  an  imjiortaat  landmark 
in  liL-^jitin-e  of  the  Un£ruid  arten,^ 

Surgical  Anatomy. — The  hyoid  bone  is  occasionally  Iractured,  genenilly  from  direct  vio- 
lence, aii  in  the  act  of  garrotting  or  throttling.  The  great  eornu  is  the  part  of  the  bone  most  &&- 
quently  broken,  but  sometimes  the  fracture  takes  place  through  the  body  of  the  bcjne.  In  con' 
se<juen(;e  of  the  muj*L'les  of  the  tongue  having  important  conneetions  with  this  bone,  there  is 
great  paiu  upon  any  attempt  being  made  to  move  the  tongue,  as  in  speaking  or  swaUowiiig. 

THE  THORAX. 

The  Thorax,  or  Chest,  is  an  osseocartilaginous  cage  containing  and  protecting 
the  princif)al  organ.s  of  respiration  and  circulation.     It  is  conical  in  ^hape,  beinj 
narrow  ab<n  e  and  brtiad  below,  flattened  from  before  backward,  and  longer  behini 
than  in  front.     It  is  somewhat  cordiform  on  transverse  section. 

Botmdaries* — The  pmicrhr  surface  is  formed  by  the  twelve  dorsal  vertebrae 
and  the  j>osterior  })art  of  the  ribs.  It  is  convex  from  above  downward,  and  pre- 
sents un  each  .side  of  the  middle  line  a  deep  groove  in  conserjuence  of  the  direction 
backward  and  outward  which  the  ribs  take  from  their  vertebral  extremities  to 
their  angles.  The  anterior  surface  is  flattened  or  slightly  convex,  and  inclined 
forward  from  above  downward.  It  is  formed  by  ttie  sternum  and  costal  cartilages. 
The  hiferal  snrfaces  are  convex  ;  they  are  formed  by  the  ribs,  separated  from  each 
othei-  by  spaces,  the  intercostal  spuees.  These  are  eleven  in  number,  and  are 
occupied  by  the  intercostal  muscles. 

The  upprr  upeninfi  of  the  thorax  is  reniform  in  shafie,  being  broader  from  side 
to  side  than  from  before  backward.  It  is  formed  by  the  tirst  dorsal  vertebra 
behind,  the  upper  margin  of  the  sternum  in  front,  and  the  first  rib  on  each  side. 
It  slopes  (bvwnward  and  forward,  so  that  the  anterior  |iart  of  the  ring  is  on  a 
lower  level  than  the  jiosterior.  The  antero-posterior  diameter  is  about  two  inches. 
The  lower  ofiening  is  formed  by  the  tw^elfth  doi^sal  vertebra  behind,  by  the  twelfth 
rib  at  the  sides,  and  in  front  by  the  cartilages  of  the  eleventh,  tenth,  ninth,  eighth, 
and  seventh  ribs,  which  ascend  on  either  side  and  form  an  angle,  the  aulcoittal 
(liiijle,,  fr<un  the  centre  of  which  the  ens i form  cartilage  projects.  It  is  wider  ti-ans* 
versely  than  from  beftu-e  backward.  It  slopes  obliquely  downward  and  backward, 
so  that  the  cavity  of  the  thorax  is  much  deeper  behind  than  in  front*  The  Dia- 
phragm closes  in  the  ojjening  forming  the  floor  of  the  thorax. 

In  the  female  the  thorax  differs  as  follows  from  the  male:  1.  Its  general 
capacity  is  less,  2,  The  sternum  is  shorter.  3.  The  upper  margin  of  the  sternum 
is  on  a  level  with  the  lower  part  of  the  body  of  the  third  di>rsal  vertebra,  whereas 
in  the  male  it  is  i>n  a  level  with  the  lower  part  of  the  body  of  the  second  doi*sal 
vertebra.  4.  The  upper  ribs  are  more  movable,  and  so  allow  a  greater  enlargement 
of  the  ypper  part  of  the  thorax  than  in  the  male. 

The  Sternum* 

The  Sternum  (azippou.  the  chest)  (Figs.  179,  180)  is  a  flat,  narrow^  bone,  sit^ 
uated  in  the  median  line  of  the  front  of  the  chest,  and  consisting,  in  the  adult,  of 
three  portions.  It  has  been  likened  to  an  ancient  swru'd  ;  the  upper  piece,  repre- 
senting the  handle,  is  termed  tlie  mdiiHhrin/n  ;  the  middle  and  largest  piece,  which 
represents  the  chief  part  of  the  Idade,  is  termed  the  i^laJiolu^ ;  and  the  inferior 
piece,  which  is  likened  to  the  point  of  the  swcu'd,  is  termed  the  ensifonti  or  xiphoid 
appt'iidtj'.  In  its  natural  position  its  inclination  is  obliijue  from  above  downward 
and   forward.     It   is   flattened  in   frrin,  concave  behind,  broad  above,  becoming 
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5S  limitiDg  the  attiifliment  of  the.^e  muscles  are  very  distinct.  Its  posterior 
fce^  concave  and  smooth,  aifnrds  attachment  on  each  side  to  the  Sternivhyoid 
Sternothyroid  muscles.  The  mperior  border^  the  thickest,  presents  at  its 
re  the  pre'Stemai  nMrh  ;  and  on  each  side  an  oval  articular  surface,  directed 
trd,  backward,  and  outward,  for  articuhition  with  the  sternal  end  nf  the 
cle.  The  inferior  bffrder  presents  an  oval,  rough  surface,  covered  in  the  recent 
wirh  a  thin  layer  of  cartihige,  for  articulation  with  the  second  portion  of  the 
,  The  lateral  borders  are  marked  above  by  a  depression  for  the  first  costal 
lage.  and  below  by  a  small  facet,  which  ^vith  a  siraihir  fiicet  on  the  upper 
5  of  the  middle  portion  of  the  bone,  forms  a  notch  for  the  reception  of  the 
J  cartilage  of  the  second  rib.  These  articular  surfaces  are  seyjarated  by  a 
3w.  curved  edge,  which  slo|)es  from  above  dr»wnward  and  inward. 
'he  Second  Piece  of  the  sternum,  or  Gladiolus  (meso-skrHum),  considerably 
5r,  narrower,  and  thinner  than  the  hi-st  piece,  is  broader  below  than  above, 
nterior  surface  is  nearly  ilat,  directed  ufpward  and  forward^  and  marked  by 
>  transverse  lines  which  cross  the  htme  ojiposite  the  third,  fourth,  and  fifth 
alar  depressions.  These  lines  are  [produced  by  the  imion  of  the  four  separate 
ss  of  which  this  part  of  the  bone  consists  at  an  early  i>eriod  of  life.  At  the 
tion  of  the  third  and  fourrh  pieces  is  occasionally  seen  an  orifice,  the  stvrnal 
men:  it  varies  in  size  and  fonn  in  different  individuals,  and  pierces  the  bone 
^^ore  backward.  This  sinface  aflTords  attachment  on  each  side  to  the 
■origin  of  the  Pectoral  is  major.  The  posterior  sttrfacfy  slightly  concave,  is 
^Brked  by  three  transverse  lines,  but  they  are  less  distinct  than  those  in 
Bthis  surface  affords  attachment  he  low »  on  each  side,  to  the  Triangularis 
i  muscle,  and  occasionally  presents  the  posterior  opening  of  the  sternal 
len*  The  superior  border  presents  an  oval  surface  for  articulation  with  the 
Lbritim.  The  inferior  border  is  narrow,  and  articulates  with  the  ensiform 
adix.  Each  lateral  border  presents,  at  each  superior  angle,  a  small  facet, 
b,  with  a  similar  facet  on  the  manubrium,  forms  a  cavity  for  the  cartilage  of 
econd  rib ;  the  four  succeeding  angular  depressions  receive  the  cartilages  n{ 
bird,  fourth,  fifth,  and  sixth  ribs;  whilst  each  inferior  angle  presents  a  small 
.  which,  with  a  corresponding  one  on  the  ensiform  appendix,  forms  a  notch 
ie  cartilage  of  the  seventh  rib.  These  articular  depressions  are  se(iarated  by 
ies  of  curved  inteiiirticular  intervals,  which  diminish  in  length  from  above 
iwardt  and  correspond   to  the  intercostal    spaces.     Most    of  the    cartilages 

Eg  to  the  trne  ribs,  as  will  be  seen  frimi  the  foregoing  description,  articulate 
sternum  at  the  line  of  junction  of  two  of  its  primitive  component  seg- 
This  is  well  seen  in  manv  of  the  lower  animals,  where  the  separate  parts 
i_     : I     1    '  .1  r_     ^i_*_    -^  - 
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Flo.  179.— >^t^mQtn  and  ro«tal  cArtiUffes. 


Fly.  ISO.— Posterior  iurfhce  of itemuni. 
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its  pointed  extremity  it  gives  attachment  to  the  linea  alba.  This  portion  of  the 
sternum  is  very  various  in  appearance,  being  sometimes  pointed,  broad,  and  thin, 
sometimes  bifid  or  perforated  by  a  round  hole,  occasionally  curved  or  deflected 
considerably  to  one  or  the  other  side. 

Structure. — The  bone  is  composed  of  delicate  cancellous  structure,  covered  by 
a  thin  layer  of  compact  tissue,  which  is  thickest  in  the  manubrium  between  the 
articular  facets  for  the  clavicles. 

Development. — The  sternum,  including  the  ensiform  appendix,  is  developed  by 
nr  centres :  one  for  the  first  piece  or  manubrium,  four  for  the  second  piece  or 


for  first  piece,  two  or  more  cenirei. 

for  second  piece,  utually  one. 
for  third    ] 

for  fourth  [  f,  placed  later aUy, 
for  fifth     J 


Fig.  181.— Development  of  the  sternum  by  six 
centres.    Time  of  appearance. 


Arrest  of  development 
of  lateral  pieces,  producing 


Sternal  fissure,  and 
foramen, 

Pio.  182.— Time  of  union  of  sternum. 


gladiolus,  and  one  for  the  ensiform  appendix.     Up  to  the  middle  of  foetal  life  the 
sternum  is  entirely  cartilaginous,  and  when  ossification  takes  place  the  ossific 
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4  for  tnd  piece 
or  gladiolus 
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7th  month. 


4  9ih  month. 

5  1st  year  after 

hirth. 


'^"^;sS™H"'^«»  *«•••• 


Fio.  183.— PecuUarities  in  number  of  centres  of 
gtemum. 


)  Rardy  unite, 

)    except  in  old  age. 


\  Between  puberty 
)  and  the  gSth  yemr. 

Soon  after  puberty. 


Parity  cartilaginous  to 
advanced  Itfe, 


Fio.  184.— PecuUarities  in  mode 
of  union  of  sternum. 


granules  are  deposited  in  the  middle  of  the  intervals  between  the  articular  depres- 
sions for  the  costal  cartilages,  in  the  following  order  (Fig.  181):  In  the  first 
piece,  between  the  fifth  and  sixth  months ;  in  the  second  and  third,  between  the 
sixth  and  seventh  months ;  in  the  fourth  piece,  at  the  ninth  month ;  in  the  fifth, 
within  the  first  year  or  between  the  first  and  second  years  after  birth ;  and  in  the 
ensiform  appendix,  between  the  second  and  the  seventeenth  or  eighteenth  years,  by  a 
single  centre  which  makes  its  appearance  at  the  upper  part  and  proceeds  gradually 
downward.  To  these  may  be  added  the  occasional  existence,  as  described  by 
Breschet,  of  two  small  episternal  centres,  which  make  their  appearance  one  on  each 
side  of  the  interclavicular  notch.  They  are  probably  vestiges  of  the  episternal  bone 
of  the  monotremata  and  lizards.  It  occasionally  happens  that  some  of  the  segments 
are  formed  from  more  than  one  centre,  the  number  and  position  of  which  vary 
(Fig.  183).     Thus,  the  first  piece  may  have  two,  three,  or  even  six  centres.     When 
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two  are  present,  they  are  generally  situated  onej 
above  the  other,  the  upper  <>ne  being  the  larger; 
the  seeoiid  piece  hns  sehb>m  more  than  one:  the 
third,  fourth,  and  fifth  pieces  are  often  furmed 
from  two  centres  placed  laterally,  the  irregular 
union  of  which  will  serve  to  explain  the  oceasioniil 
oeeurrence  of  the  sternal  foramen  (Fig.  1H4)^  or 
of  the  vertical  fissure  which  oecasi^inally  intersects 
this  part  of  the  bone,  and  which  is  further  ex- 
plained by  the  manner  in  which  the  cartilaginous 
matrix,  in  which  os.sifi cation  takes  place,  is  formed 
(see  page  115).  Uniun  of  the  various  centres  of  the 
gladiolns  commences  about  puberty,  from  bebiw, 
and  proceeds  upward,  so  that  by  the  age  of  twenty- 
five  they  are  all  united,  and  this  portion  of  hone 
consist!*  of  one  piece  (Fig,  182).  The  ensiform  car- 
tilage becomes  joined  to  the  gladiolus  about  forty. 
The  niannbrium  is  rtccasionally,  but  not  invariably, 
jiHued  to  the  gladiolus  in  atlvanced  life  by  bone.  ' 
When  this  union  takes  place,  however,  it  is  gen- 
rally  only  su|)erfieiaL  a  portion  of  the  centre  of  the 
sutural  cartilage  remaining  un ossified. 

Articulations. — With    the  clavicles    and   seven 
costal  cartilages   cui   each  side. 

Attachment  of  Muscles. — To  nine  jmirs  atid 
one  single  niiiscle:  the  Pectoralis  major,  Sterno- 
cleido-mastoid.  Stern o-hyoid,  Sterno-thyroid,  Tri 
angularis  sterni,  aponeuroses  of  the  Ublii^uus  ex- 
ternus,  Obliquus  internus.  Transversal  is,  Rectus^ 
muscles,  and  Diaphiagm. 
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The  Ribs. 

The   EibB    are   elastic    arches   of  bone,   which 
form   the  chief  |iart   of  the  thoracic  walls.     They 
are    twelve    in    number    on    each    side;    but    thiSj 
number    may   be    increased   by    the   develo|iment| 
of  a  cervical   or   lumbar  rib,   or  may   be  dimin- 
ished  to  eleven.     The   first  seven  are  connected^ 
behind    with    the    spine    and    in     front    with    the 
sterntnn,   through    the   intervention   of  the   costal 
cartilages ;     they     are    called     (rue     ribs.       Th^H 
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remaining  five  are  fahe  ribs;  of  these,  the  first 
three  have  their  cartilages  attached  to  the 
cartilage  of  the  rib  above:  the  last  two  are 
free  at  their  anterior  extremities;  they  are 
termed  Jhatfm/  rihs.  The  ribs  vary  in  their 
diiTction,  the  upper  ones  being  less  obi i( pie 
than  those  lower  down  and  occupying  the  middle 
of  the  series.  The  extent  of  oblitjuity  reaches  its 
maximum  at  the  ninth  rib,  and  gradually  de- 
creases frnm  that  rib  to  the  twelfth.  The  ribs  are- 
situated  one  below  the  other  in  such  a  manne: 
that  spaces  are  left  between  them,  which  are  called 
mterrt^ttttd  spaces.  The  length  of  these  spaces 
con^esponds  to  the  length  of  the  ribs ;  their 
breadth  is  more  considerable  in  front  thati  liebind,  ami  between  the  upper  than 
*  Sir  George  Humphry  states  tlml  this  is  •*  |Jioliul>ly  ttie  ii>ore  complete  cf edition." 


Fig.  186,— a  central  rib  of  right  sid« 
Inner  aurfkce. 
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between  the  lower  nh^.  The  ribs  increase  in  length  from  the  first  to  the  seventh, 
when  thev  a^aiu  diminish  to  the  twelfth.  In  breadth  they  decrease  from  above 
downward:   in  the  upper  ten  the  greatest  breadth   is  at  the  sternal  extremity. 

Common  Characters  of  the  Eihs  (Fig,  18o).— A  rib  from  the  middle  of  the 
ncries  should  be  taken  in  order  to  study   the  common  characters  of  the  ribs. 

Each  rib  presents  two  extremities,  a  posterior  or  vertebral,  an  anterior  or  ster- 
nal, and  an  intervening  portion— the  body  or  shaft. 

The  posterior  or  vertebral  extremity  presents  for  examination  a  head,  neck, 
and  tuberosity.  The  head  (Fig.  iStj)  is  marked  by  a  kidney-shaped  articular  sur- 
face, divided  bv  a  horizontal  ridge  into  two  facets  for  articulation  with  the  costal 
cavity  formed  by  the  junction  of  the  bodies  of  two  contiguous  dorsal  vertehrie ; 
the  upper  facet  is  small,  the  inferior  one  of  larger  size ;  the  ridge  separating  tliem 
serves  for  the  attachment  of  the  interarticular  ligament.  The  neck  is  tbat  Hai- 
tened  portion  of  the  rib  which  extends  outward  from  the  head;  it  is  about  an 
inch  long,  and  is  placed  in  front  of  the  transverse  process  of  the  lower  of  the  tw^o 
rertehne  with  which  the  head  articulates.  Its  anterior  surface  is  Hat  and  smooth, 
im  pogterior  rough  for  the  attachment  of  the  middle  costo-transverse  ligament, 
and  perforated  by  numerous  foramina,  the  direction  of  which  is  less  constant  than 
those  found  on  the  inner  surface  of  the  shaft.  (.)f  its  two  borders  tlie  atuferior 
presents  a  rough  crest  for  the  attachment  of  the  anterior  cost o- transverse  ligament; 
its  inferior  border  is  rounded.     On  the  posterior  surface  of  the  neck,  jnst  where  it 

For  anterior  CMto-tranwnne  ligamenr 

^..^-— /       - — ^Fiff  posierwr  eoato-irattgvtrse  liffammt 
Wkeeifor  bod^f  of  upper  dormi  wrUbra.^  ^— — ^^ 

Sid^efcir  ifUcrarticHlar  ItgameniA 
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Fio.  186.— Vertebral  extremity  of  a  rib,    ExUtuaI  surftice. 

joins  the  shaft,  and  nearer  the  lower  than  the  upper  border,  is  an  eminence — the 
tuberosity,  or  tubercle;  it  consists  of  an  articular  and  a  non-articular  portion. 
The  artieular  poftfoii,  the  more  internal  and  inferior  of  the  two,  presents  a  small, 
oval  surface  for  articulation  with  the  extremity  of  the  transverse  jjrocess  of  the 
lower  of  the  two  vertebne  to  which  the  head  is  connected.  The  non-art teidar 
portion  is  a  rough  elevation,  which  affords  attachment  to  the  posterior  costo- 
transverse ligament.  The  tubercle  is  much  more  prominent  in  the  upjjer  than  in 
the  lower  ribs. 

The  shaft  is  thin  and  flat,  so  as  to  present  two  surfaces,  an  external  and  an 
internal,  and  two  borders,  a  suf>ei-ior  and  an  inferior.  The  external  surf  ace  is 
convex,  smooth  and  marked  at  its  hack  part,  a  little  in  front  of  the  tuberosity,  by 
a  prominent  line,  directed  obliquely  from  above  downward  and  outward;  this 
gives  attachment  to  a  tendon  of  the  Ilio-costalis  muscle  or  of  one  of  its  accessory 
portions,  and  is  called  the  amjU.  At  this  point  the  rih  is  bent  in  two  directions. 
If  the  rib  is  laid  upon  its  lower  border,  it  will  be  seen  that  the  portion  (d*tbc  shaft 
in  front  of  the  angle  rests  upon  this  border,  while  the  portion  of  the  shaft  behind 
the  angle  is  bent  inward  and  at  the  same  time  tilted  upward.  The  interval 
between  the  angle  and  the  tuberosity  increases  gradually  from  the  second  to  the 
tenth  rib.  The  portion  of  bone  between  these  two  parts  is  rounded,  rough,  and 
irregular,  and  serves  for  the  attachment  of  the  Longissimus  dorsi  muscle*  The 
portion  of  bone  between  the  tobercle  and  sternal  extremity  is  also  slightly  twisted 
npon  its  »»wn  axis,  the  external  surface  looking  downward  behiml  the  angle,  a  little 
upward  in  front  of  it.  This  surfstce  presents,  toward  its  sternal  extremity,  an 
obliniie  line,  the  anterior  angle.  The  inter nai  surfaee  is  concave,  smooth,  directed 
a  little  upward  behind  the  angle,  a  little  downward  in  front  of  it.  This  surface 
*   marked  bv  a  ridge  which  commences  at  the  lower  extremity  of  the  head ;  it  is 
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strongly  marked  as  far  as  the  ioner  side  of  the  angle,  and  gradoally  becomes  lost 
at  tlie  j unction  of  the  anterior  with  the  middle  third  of  the  bone.  The  interval 
between  it  and  the  inferior  border  is  deepl}^  grooved,  to  lodge  the  intercostal 
vessels  and  nerve.  At  the  back  part  of  the  bone  this  groove  belongs  to  the 
inferior  border,  but  just  in  fmnt  of  the  angle,  where  it  is  deejiest  and  broadest,  it 
corresponds  to  the  internal  surface.  The  sufierior  edge  of  the  groove  is  roundeil ;  it 
serves  for  the  attach  men  t  of  the  Internal  intercostal  muscle.  The  inferior  edge 
corresponds  to  the  lower  margin  of  the  rib  and  gives  attachment  to  the  External 
intercostal.  Within  the  groove  are  seen  the  orilices  of  numerous  small  foramina 
which  traverse  the  wall  of  the  shaft  obliquely  from  before  backward.  The 
mipennr  border,  thick  and  rounded,  is  marked  by  an  external  and  an  internal  lip, 
more  distinct  behind  than  in  fn*nt ;  they  serve  for  the  attachment  of  the  External 
and  Internal  intercostal  muscles.  The  inferior  border,  thin  and  sharp,  has  attached 
to  it  the  External  intercostal  muscle.  The  anterior  or  sternal  extremity  is  flat- 
tened, and  presents  a  porous,  oval,  concave  depression,  into  which  the  costal 
cartilage  is  received* 

Feciiliar  Bibs. 

The  ribs  which  require  especial  consideration  are  five  in  number — viz,  the  first, 
second,  tenth,  eleventh  and  twelfth. 

The  first  rib  (Fig,  187)  is  one  of  the  shortest  and  the  most  curved  of  all  the  ribs ; 
it  is  broad  anil  flat,  its  surf^ices  looking  upward  and  downward,  and  its  borders 
inward  and  outward.  The  head  is  of  small  size,  rounded,  and  presents  only  a 
single  articular  facet  for  articulation  with  the  body  of  the  first  dorsal  vertebra. 
The  mck  is  narrow  and  rounded.  The  tuberositf/^  thick  and  prominent,  rests  on 
the  outer  border.  There  is  no  angle,  but  in  this  situation  the  rib  is  slightly  bent, 
with  the  convexity  of  the  bend  upward,  so  that  the  head  of  the  bone  is  directed 
downward.  The  upper  aurfaee  of  the  shaft  is  marked  by  two  shallow  depressions, 
separated  from  one  another  by  a  small  rough  surface  for  the  attachment  of  the 
Scalenus  anticus  muscle — the  groove  in  front  of  it  transmitting  the  subclavian 
vein,  that  behind  it  the  subclavian  artery.  Between  the  groove  for  the  subclaviaji 
artery  and  the  tuberosity  is  a  rough  surface,  for  the  attachment  of  the  Scalenus 
medius  muscle.  The  under  mrface  is  smooth,  and  destitute  of  the  groove  observed 
on  the  other  ribs.  The  outer  border  is  convex,  thick,  and  rounded,  and  at  its 
posterior  part  gives  attachment  to  the  first  serration  of  the  Serraius  magnus ;  the 
inner  is  concave,  thin,  and  sharp,  and  marked  about  its  centre  by  the  commence- 
ment of  the  rough  surface  for  the  Scalenus  anticus.  The  anterior  extrernity  is 
larger  and  thicker  than  any  of  the  other  ribs. 

The  second  rib  {F'ig.  188)  is  much  longer  than  the  first,  but  bears  a  very  con- 
siderable resemblance  to  it  in  the  direction  of  its  curvature.  The  non-articular 
portion  of  the  tnberosity  is  occasionally  only  slightly  marked.  Tha  angle  is  slight 
and  situated  close  to  the  tuberosity,  and  the  shaft  is  not  twisted,  so  that  both  ends 
touch  any  plane  surfiicc  upon  which  it  may  be  laid ;  but  there  is  a  similar  though 
slighter  bend,  with  its  convexity  upward,  to  that  found  in  the  first  rib.  The  shaft 
is  not  horizimtal,  like  that  of  the  first  rib,  its  outer  surface,  which  is  convex,  look- 
ing upward  and  a  little  outward.  It  presents,  near  the  middle,  a  rough  eminence 
for  the  attachment  of  the  second  and  third  digital  ions  of  the  Serratus  magnus; 
beliind  and  above  which  is  attached  the  Scalenus  posticus.  The  imicr  iturfiee^ 
smooth  and  concave,  is  directed  downward  and  a  little  inward;  it  presents  a  short 
groove  toward  its  posterior  [tart. 

The  tenth  rib  (Fig.  180)  has  only  a  single  articular  facet  on  its  bead. 

The  eleventh  and  twelfth  ribs  (Figs.  IW  and  191)  have  each  a  single  articular 
facet  on  the  head,  which  is  of  rather  large  size  ;  they  have  no  neck  or  tuberosity, 
and  are  pointe<l  at  the  extremity.  The  eleventh  has  a  slight  angle  and  a  shallow 
groove  on  the  l^wcr  border.  The  twelfth  has  neither,  and  is  much  shorter  than 
the  rleventh,  and  the  head  has  a  slight  inclinatiim  downward. 

Structure. — The  ribs  consist  of  cancellous  tissue  enclosed  in  a  thin,  ctmipact  layer. 
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teenth  and  twentieth  years,  and  are  imt  united  to  the  rest  of  the  bone  until  about 
the  twenty-fifth  year. 

Attacliment  of  Muscles. — ^The  Internal  and  External  iiitercostals,  SealeniiB 
anticus.  Scalenus  me<lius,  Sealenus  posticus,  Pecturalis  minor,  Serratus  magnus, 
Obliquus  ex  tern  us,  Obliquus  internus,  Trans  versalis,  Quadratus  himborum.  Dia- 
phragm, Latissimus  dorsi,  Serratus  posticus  superior,  Serratus  posticus  inferior, 
Ilio-coBtalis,  Muscuhis  accessor i us  ad  ilio-costalem,  Longissimus  dorsi,  Cervicalis 
aacendens,  Levatores  costarum,  and  Infracostales. 
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The  Costal  Cartilages, 

Thf  Costal  Cartilages  (Fig.  171),  p.  230)  ure  white,  elastic  structures,  wlik-li  serve! 
to  [)ri>l<iu<i  the  rihs  foivvanj  to  the  front  of  the  chest,  and  eontrihute  very  mjiteriallyl 
to  the  elasticity  uf  its  walls.  The  firat  seven  are  connecteil  with  the  sternum,  the 
next  three  with  the  hjwer  horder  of  the  cartilage  of  the  |*recedmg  rib.  The  car- 
tihiges  of  the  last  two  ribs,  which  have  pointed  extremities,  float  freely  in  rhc 
walls  of  the  abdoiuen.  Like  the  ribs,  the  costal  cartilages  vary  in  their  length^l 
breadth,  and  direction.  They  increa.se  in  length  from  the  first  to  the  seventh,  theDi 
gradually  diminish  to  the  hist.  They  diminish  in  breadth,  as  well  as  the  iiitervalsl 
between  them,  from  the  first  to  the  last.  They  are  broad  at  ihcir  attachment  ta 
the  ribs,  and  taper  toward  their  sternal  extremities,  excepting  the  first  two,  whici 
are  of  the  same  breadth  tliroiighout,  and  the  sixth,  seventh  and  eighth,  which  ar 
enlarged  where  their  margins  are  in  contact.  In  direction  they  also  vary  :  the  first^ 
descends  a  little,  the  secmnl  is  horizontal,  the  third  ascends  slightly,  whilst  all  the 
rest  follow  the  course  of  the  ribs  f  n-  a  short  extent,  and  then  ascend  to  the  sternum 
or  preceding  cartilage.  Each  costal  cartilage  presents  two  surfaces,  two  borders, 
and  two  extremities.  The  miterhr  surface  is  convex,  and  looks  forward  and 
upward :  that  of  the  first  gives  attachment  to  the  costo-clavicular  ligament  and  the 
Subclavius  muscle  ;  that  of  the  second,  third,  fourth,  fifth,  and  sixth,  at  their  sternal 
ends,  to  the  Pec toral is  major. ^  The  others  are  covered  by,  and  give  partial  attach- 
ment to,  some  of  the  great  flat  muscles  of  the  abdomen.  The  posterior  gnrfttce 
is  concave,  and  directed  backward  and  downward,  the  first  giving  attachment  to 
the  Stei^no-thyroid,  and  the  six  or  seven  inferior  ones  affording  attachment  to  the 
Transversalis  muscle  and  the  Diaphragm.  Of  the  two  borders,  the  superior  is 
concave,  tliQ  htferior  convex  :  they  afford  attachment  to  the  Intercostal  muscles, 
the  upper  border  of  the  sixth  giving  attacliiuent  to  the  Pcctoralis  major  muscle. 
The  contiguous  bottlers  of  the  sixth,  seventh,  and  eighth,  and  Siunctimes  the  ninth 
and  tentli,  costal  cartilages  present  small,  smooth,  td>lcing-shaped  facets  at  the 
points  where  they  ariicjilate.  Of  the  two  extremities,  the  outer  one  is  continuous 
with  the  osseons  tissue  of  the  rib  to  which  it  belongs.  The  mwer  extremity  of  the 
first  is  continuous  with  the  sternum  ;  the  six  succeeding  ones  have  rounded 
extremities,  which  are  received  into  shallow  concavities  on  the  lateral  margins  of 
the  sternum.  The  inner  extremities  of  the  eighth,  ninth,  and  tenth  costal  cartilnges 
are  pointed,  and  are  connected  with  the  cartilage  above.  Those  of  the  eleventh  and 
twelfth  are  free  and  pointed. 

The  costal  cartilages  ai^e  most  elastic  in  youth,  those  of  the  false  ribs  being 
more  so  than  the  true.  In  old  age  they  become  of  a  dce|>  yellow  color,  and  are 
1 1  roue  to  calcify. 

Attachmeiit  of  Muscles. — ^To  nine:  the  Subclavius,  Sterno-thyroid,  Pectoralis 
major.  Internal  oldiipie,  Transversalis,  Rectus,  Diaphragm,  Triangularis  sterni,  and 
Internal  iutercostals. 

Surface  Foim. — The  bones  of  the  cheiit  arc  to  a  ver>^  considerable  extent  ctwered  by 
muscles,  m  thsit  in  the  strongly -de  velujied  riiuseiilar  subjwt  they  arc  fur  the  ui»>8t  purt  con- 
cesdcd.  In  the  euiaciated  subject,  on  thi^  other  hand,  the  ribs,  espeeiidly  in  the  lower  and 
lattral  region,  stand  out  as  proniiueut  ridges  with   the  sunken,   intercostal  spacer   between 
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In  the  middle  line,  in  front,  the  su|>erficial  surface  of  the  sternum  is  to  be  felt  throughout 
its  entire  length,  iit  the  buttoni  of  a  deep  median  furmw  situated  ln^tween  the  two  irreat  pectoral 
muscles  and  ealled  the  sfrntftt  fttnoir.     Tliese  niuseles  overliii>  the  itnterior  surtace  sninewhat,  soj 
that  the  whole  of  the  sternum  in  its  entire  width  is  not  subeiitaneous  ;  and  this  overlapping  ]§] 
jrreiiter  opposite  the  centre  i^f  the  Ixjue  tluui  above  and  below,  so  that  the  furrow  is  wider  at  its] 
iit>|>er  and  lower  paiis,  but  narrower  in  the  midtlle.     The  centre  of  the  upper  bonier  of  the  ster-  j 
num  is  visible,  wmstitutine  the  prc-stcnial  notch,  but  the  latend  piirtj^  of  this  iNtrder  areobflcure4| 
by  the  tendinous  ori^Mns  of  tiie  Sternonjastoid  mus4^^4es,  which  present  theaistdves  as  obliquti 
tendinous  cordis,  whieh  narrow  and  (Jeetxn  the  noteli.     Liwcr  down  on  thcsulxaitaneoussurlaoa 
a  well-defined  transverse  ridire  is  always  to  he  felt.     This  denotes  the  line  of  jnnetion  of  the 
mannbriuni  and  body  of  the  bofK%  and  is  a  useful  ^nude  to  the  second  costal  mrtil age,  and  thus 
to  the  identity  of  any  given  rib.     The  second  rib  being  found  through  it«  eoBtal  cartilage, 

*  The  first  and  seventli  ako,  (>ccasitmaliy,ifive  origin  to  the  same  muscle. 
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ty  to  count  diiwnwiinl  and  tiud  any  other  Below  this  point  die  furrow  spreads  out, 
posini?  more  of  the  surtUee  of  the  kidy  of  the  sternmii,  teruiiniites  l>elow  in  a  sudden 

fft^ssiou.  the  ift/r(t9fprnal  JeprrJii^tton  or  pit  of  the  gtonutch  {sen^fjiculits  an  din)  ^  which  wrre- 
»nds  to  the  ensiform  eartihiife.  This  depression  lies  hetween  the  eartila^jres  of  tlie  seventh  rih, 
'  in  it  the  ensitonu  earttlajze  may  l>e  teU.     The  sternunj  in  its  verfieiil  diameter  |>rt5tientt:;  a 

Ts*l  convexity  forward,  the  most  |irominent  point  of  whieh  is  at  the  joint  between  the  manu' 
utii  and  ^dudiolti±$. 

Un  each  side  of  the  stenium  t!ie  eostid  cartihiges  and  rihs  on  the  front  of  the  chest  are  par- 
liilly  ohscured  by  the  ^^reat  peetnml  muscle;  through  whieh^  however,  they  are  to  be  felt  us 
ridge&,  with  depressed  intervals  hetween  tliem,  corresponding  to  the  intercostal  spaces.  Of  these 
spaces^  the  one  between  the  second  an<l  thini  ribs  is  the  widest,  ihc  next  two  somewhat  nar- 
lower,  and  the  remaitider,  with  the  cKception  of  tlie  last  two.  comnaratively  narrow. 

The  lower  iHjrder  of  the  Pector.dis  major  muscle  e«jrre.spoiias  to  the  fifth  rib,  and  below 
this,  on  tlie  front  of  the  chest,  the  broad,  tlat  outUne  of  the  ribs,  as  thev  begin  to  ascend, 
and  t!ie  more  rounded  outline  of  the  costal  cartilagt^s,  are  otten  vistbJe.  7'he  lower  boundarj^ 
of  the  front  of  tlie  tlionix,  the  ftMnntftO'thmacif  anh^  which  is  most  plainly  seen  by 
an^himj  the  body  backwani,  is  formed  by  the  ensitorm  cartilage  and  the  citrtilaica  of  the 
seventh,  eighth,  ninth,  and  tenth  ribs,  and  the  extremities  of  the  eleventh  and  tweltlh  ribs  or 
their  c^rlilaKPs. 

On  each  side  of  the  chest,  from  the  axilla  downward,  the  flattened  external  surfaces  of  the 
libs  may  be  defined  in  the  form  of  oblique  ridges,  separated  by  depressions  corresponding  to  the 
intercostal  spacers.  They  are,  however,  covered  by  muscle-^,  which  obscure  tlicir  outline  t«»  a 
certain  extent  in  the  strongly  developed.  Nevertheless,  the  ril^,  with  the  exception  of  the  first, 
4)ia  generally  Ije  followed  over  the  front  and  sides  of  the  chest  without  difhcully.  The  first  rib, 
liiin^  almost  C'jmplctcly  covered  by  the  clavicle  and  sca[>u!a,  c*an  only  be  distinguished  in  a  small 
parti  oil  of  ita  extent.  At  the  back  the  angles  of  the  nt>s  form  a  slightly-marked  oblique  line  on 
each  side  of  and  some  distance  trnm  the  vertebral  spines.  This  line  diverges  somewhat  as  it 
dcaoanilsT  ii'id  external  U\  it  is  a  broad,  convex  surface  causecl  by  the  proje(*ti<jn  of  the  ribs 
beyond  their  angles.  Over  this  surface,  except  where  covered  by  the  scapula^  the  individual 
libs  can  be  distint'uished. 

Surgical  Anatomy. — Mallormations  of  the  sternum  present  nothing  of  surgical  importance 
beyund  the  fin*t  tliut  absi*es8<\*4  of  the  mediaustinum  may  sometimes  escape  through  the  sternal 
foramen.  F'racturcs  of  the  sternum  are  by  no  means  common,  owing,  mi  doubt,  to  the  elasticity 
of  the  riljs  and  their  cartilai^^es,  which  support  it  hke  s*>  many  springs.  It  is  frequently  asso- 
ciated with  tVactum  of  the  spine,  and  may  l>e  caused  by  forcibly  beurling  the  body  either  back- 
ward or  forward  until  the  dim  becomes  impacted  against  the  top  of  I  he  sternum.  It  may  also 
be  fratnureii  by  direct  violt^nce  or  liy  muscular  actituj.  l^hc  fhicture  usually  occurs  in  the  u|)|>er 
half  of  tbe  biwiy  of  the  hone,  Dlsl-x-alion  of  the  gladiolus  from  the  manubrium  alsii  takes  \nwii^^ 
and  is  sometimci*  described  ils  a  fracture. 

The  b(:»net  being  sulxiutaneous,  is  frcf|uently  the  seat  of  gummatous  tumtirs,  and  not  uncom- 
monly is  affected  with  caries,  i  jrcasionally  the  lK>ne,  and  especially  its  ensifijnn  appenihxT  becomes 
altered  in  shaj>e  and  driven  iiiwar^l  by  the  pressure.  In  workmen,  of  Imds  against  their  cliest. 

The  ril^  are  frcfpiently  broken,  thnugh  from  their  connections  and  shape  they  are  able  to 
withstand  great  fonH\  yicMing  under  the  injury  and  recoverinL"^  themselves  like  a  spring.  The 
aiiddle  of  the  series  are  the  ones  m(»j^t  liable  to  fVaeture.  The  first,  and  to  a  les*^  extent  the 
^^  nd,  being  protected  by  the  clavicle,  are  rarely  fruLiured  ;  and  the  Lleventh  and  twelfth,  nn 
account  of  their  loose  and  floating  cnndition,  enjoy  a  like  immunity.  The  fracture  generally 
oecui's  from  indirect  violence,  from  fumble  rompressinn  of  tbe  chest-wall,  and  the  bone  tluin 

five^  way  tit  its  weakest  j*art — i  e.  Just  in  front  ot"  tlie  an^de.  But  the  rilfs  may  also  \h'  broken 
y  direct  violence,  when  the  Wuie  gives  way  and  is  driven  inwanJ  at  the  ^wiint  striick,  or  by  mus- 
eular  action.  It  seems  j»nd)able,  however,  that  in  these  latter  cases  the  bone  has  undergone 
a&me  atrtjphic  changes.  Friicture  of  the  ribs  is  freouently  complirated  with  si>me  injury  to  tlje 
fincera  contained  within  the  thorax  or  upi>er  part  of  trie  abdominal  cavity,  and  this  is  njo.it  likely 
to  occur  in  firaetm^s  fmm  direct  violence. 

Fracture  of  the  costal  cartilages  may  als*:*  lake  place,  though  it  is  a  comparatively  rare  injury. 
The  thorax  is  iTcquently  found  to  lie  altere<l  in  shape  in  certain  diseases. 
The  rjrkf'tfi  thorax  is  eaused  cliicfly  by  atmospheric  pressure.  The  balance  between  the  air 
on  the  itLside  of  the  chest  and  the  oulsiile  during  some  stage  of  respiration  is  not  eipial,  the  pre- 
f>ondcrance  being  in  favor  of  the  air  outside;  and  this,  acting  on  tlie  softened  ribs,  causes  them 
lo  \hi  force<l  in  at  the  juni-tion  of  the  cartilages  with  the  liones,  which  is  the  weakest  part.  In 
conse<|UeiJc«-»  of  tins  the  sternum  jirojects  forward,  with  a  deei*  depression  on  either  side  caused 
hy  I  he  sinking  in  of  the  stjftcned  ril>s.  The  (h:^pression  is  less  on  the  left  side,  on  account  of 
the  riljs  being  supporled  by  the  lomrt.  The  couflition  is  known  iis  ''pigeon -breast,"  Ttie 
lower  ribs,  however,  are  not  involved  in  this  dellirniity,  sis  thev  are  prevented  from  faJhng  in  by 
the  presence  of  the  stomach,  liver,  and  spleen.  And  when  tlie  liver  and  snleen  are  enlarged, 
as  they  si>metime8  are  in  rickets,  the  Inwer  ribs  maybe  pushed  outward:  tliis  eauses  a  trans- 
verse constriction  just  alnjve  the  coital  anlL  The  anterior  extremities  of  the  rilis  are  usually 
enlarged  in  rickets,  givintr  rise  to  what  has  Wen  tenncil  the  ''rickety  rosary."  The  phthmad 
che^t  is  often  long  an<l  narrow,  flatteticd  from  befure  backwartl,  and  with  great  oblicpnty  of  the 
ribs  and  projection  of  thy  scapulie.  In  jmimotnrrj^  emph/ttenKt  the  chest  is  enlarged  in  all  it« 
diameters,  and  presents  on  sociion  an  almost  circular  outline.     It  has  received  the  name  of  tite 
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"  barrel-shaped  chest/*  In  severe  cases  of  htU^mlcHrratuveofihe  mitw  the  thorax  beoomea 
much  distorted.  In  eonsequent'e  of  the  rotiition  of  the  Iwdies  of  the  vertebne  which  takes 
place  in  this  disease  the  ribs  ojipuKite  the  convexity  of  the  dorsiil  curve  becouje  extretiiely  coa- 
vex  behind,  hAuii  tlirown  out  aiiil  finl^'in^%  and  at  the  saiiie  tinje  flattened  in  front,  so  that  the 
two  ends  of  the  same  rib  are  aliiKisi  |>arallel  Coinrident  with  this,  the  ribs  oti  the  opposite 
side,  on  the  concavity  of  tlie  curve,  are  fc^ntik  and  depressed  behind  and  bulgintc  and  convex  in 
front.     In  addition  to  this  the  ribs  bee<>nje  oecasionally  welded  together  by  bony  material. 

The  ribs  are  fre^iiiently  the  seat  of  nei-rosis  leading  to  abscesses  and  sinust'S,  whieh  may 
burrow  to  a  considerable  extent  over  the  wall  of  the  rhest.  The  only  s|>ecial  iinatumit*al  point 
in  connection  with  these  is  that  care  must  be  taken  in  dealing  with  them  that  the  intercostal 
space  is  not  punetured  and  the  pleural  cavity  operand  or  the  intercostal  vessels  wounded. 

In  cases  of  empyema  the  chest  requires  opening  to  evaeuate  the  pus.  Then*  is  consider- 
able  difference  of  opinion  ns  to  the  best  position  tii  do  this.  Probably  the  best  place  in  most 
cases  will  Vkj  found  tn  be  between  the  linh  and  sixth  ribs,  in  or  a  little  in  front  of  the  mid- 
axitlarj'  line.  This  is  the  hist  part  of  the  cavity  to  be  closed  by  the  expansion  of  the  lung ;  it 
ifl  not  thickly  covered  by  soft  partj^;  the  space  between  t!ie  two  ribs  is  sufficiently  great  to  allow 
of  the  introdurtion  of  a  fair-sized  drainage-tube,  and  the  opening  is  in  a  dependent  position^ 
when  the  patient  is  confined  to  bed,  as  he  usually  inclines  towjird  the  a  farted  side,  so  as  U> 
allow  the  sound  lung  the  freest  po.ssible  play,  and  so  permits  of  effieient  drainage* 

OF   THE   EXTREMITrES. 

The  extremities,  or  limbs,  are  those  long,  jointed  appendages  of  the  body 
which  are  cooDecfed  in  the  trunk  by  one  end  and  free  in  the  rest  of  their  extent. 
They  are  four  in  number:  an  upper  or  tit  or  arte  pair,  connected  with  the  thorax 
through  the  intervention  of  the  shoulder,  and  subservient  mainly  to  prehension; 
and  a  hwer  pah\  connected  with  the  pelvis,  intended  for  support  and  locomotion. 
Both  pairs  of  limbs  are  constructed  after  one  common  type,  so  that  they  present 
numerous  analogies,  while  at  the  same  time  certain  differences  are  observed  in  each, 
dependent  on  the  peculiar  ofRees  they  have  to  perform. 

The  bones  by  which  the  tipper  and  lower  limbs  are  attached  to  the  trunk  are 
named  respectively  the  skouhh'r  and  pelvie  fprdles.  and  they  are  constructed  on  the 
same  general  type,  though  preseuting  certain  modificationB  relating  to  the  different 
use.s  to  which  the  wpper  and  lower  limbs  are  rcs]3ectively  applied.  The  ^hmddrr 
girdle  is  formed  by  the  scapula  and  clavicle*  and  is  imperfect  in  front  and  behind. 
In  fixmt,  however,  the  girdle  is  crmifdeted  by  the  upjier  end  of  the  sternum,  with 
which  the  inner  extretnities  of  the  clavicle  articulate.  Behind,  the  girdle  is  widely 
imperfect  and  the  scapula  is  cimnected  to  the  trunk  by  muscles  only,  ^he  pelvic 
girdle  is  formed  by  the  innominate  bones,  and  is  conifdcted  in  front  through  the 
symphysis  pubis,  at  which  the  two  innominate  bones  articulate  with  each  other* 
It  is  imperfect  behind,  but  the  intervening  gap  is  filled  m  by  the  upper  part  of 
the  sacrnm.  The  pelvic  girdle,  therefore,  presents,  with  the  sacrum,  a  complete 
ring,  com|>aratively  fixed,  and  presenting  an  arfdjed  fiu'm  which  confers  upon  it  a 
solidity  manifestly  intended  for  the  siipjmrt  of  the  trunk,  and  in  marked  contrast 
to  the  lightness  and  mobility  of  the'  shoulder  girdle. 

With  regard  to  the  morphology  i»f  these  girdles,  the  blade  of  the  scapula  is 
generally  believed  to  correspond  to  the  ilium  ;  but  ^Nith  regard  to  the  clavicles 
there  is  some  difference  of  opinion  :  formerly  it  was  believed  that  they  corre- 
sponded to  the  ossa  pubis,  meeting  at  the  symphysis,  but  it  is  now  generally  taught 
that  the  clavicle  has  n  )  bomologue  in  the  pelvic  girdle,  and  that  the  os  pubis  and 
ischium  aix^  represented  by  the  small  ctiracoid  [irocess  in  man  and  most  mammals, 

THE  UPPEE  EXTREMITY. 

The  bones  of  the  upper  extremity  cimsist  of  those  of  the  shoulder  girdle,  of 
the  arm,  the  forearm,  and  the  hand.  The  shoulder  girdle  consists  of  two  bonee, 
the  clavicle  and  the  scapula. 

TSE   SHOITLDEE. 

The  Clavicle. 

The  Clavicle  {elnvig^  a  key),  or  collar-bone,  forms  the  anterior  portion  of  the 
shoulder  girdle.     It  is  a  long  bone,  curved  somewhat  like  the  italic  letter  /,  and 
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placed  Dearly  horizontally  at  the  upper  and  anterior  part  of  the  thorax,  immediately 
above  the  fir§t  rib.  It  articulates  by  its  inner  extreniity  with  the  upper  border  of 
the  sternum,  and  by  its  outer  extremity  with  the  acromion  process  of  the  scapula, 
serving  to  sustain  the  upper  extremity  in  the  various  positions  which  it  assumes^ 
whili^t  at  the  same  time  it  aMows  of  frreat  latitude  of  motion  in  the  arm.*  It 
presents  a  double  curvature  when  looked  at  in  front,  the  convexity  being  forward 
at  the  sternal  end  and  the  concavity  at  the  scapular  end,  Its  outer  third  is  tlat- 
tened  from  above  down\sard.  and  extends,  in  the  natural  position  of  the  bone,  from 
a  point  opposite  the  coracoid  |*rocess  to  the  acromion.  Its  inner  two-thirds  are  of 
a  cylindrical  form,  and  extend  from  the  sternum  to  a  point  opposite  the  coracoid 
process  of  the  scapula. 

Bxtemal  or  Flattened  Portion. — The  outer  third  is  flattened  from  above  down- 
ward, so  as  to  present  two  surfaces,  an  upper  and  a  lower;  and  two  borders, 
ao  aDtfrjor  and  a  posterior.  The  upper  Hurfact'  is  flattened,  rough,  marked  by 
ns  for  the  attachment  of  the  Deltoid  in  front  and  the  Trapezius  behind; 
:hese  two  impressions,  externally,  a  small  (iorti(»n  of  the  bone  is  sub- 
The  under  surface  is  flattened.  At  its  posterior  border,  a  little 
#  the  point  where  the  prismatic  joins  with  the  flattened  portion,  is  a  rough 
the  conoid  tuberde  ;  this,  in  the  natural  position  of  the  bone,  surmounts 
Id  process  of  the  scapula  and  gives  attachment  to  the  conoid  li^rsiment, 
tubercle  an  obli<pie  line,  occasionally  a  dejuession,  passes  forward  and 
>  near  the  outer  end  of  the  anterior  border;  it  is  called  the  ubUque  line, 
attachment  to  the  trapezoid  ligiiment.  The  anterior  border  is  concave, 
'iiL'^u  and  gives  attachment  to  the  Deltoid;  it  occasionally  presents,  at 
at  the  commencement  of  the  deltoid  impression,  a  tubercle*  the 
-  which  is  sometimes  to  be  felt  in  the  living  subject,  ^the  poster i* ft 
r.    ;\\  roogh,  broader  than   the   anterior,  and  gives  attachment  to  the 

1  or  Cylindrical  Portion* — The  cylindrical  portion  forms  the  ima  r  two- 
be  hone.  It  is  curved  so  as  to  be  convex  in  front,  concave  behind,  and 
by  three  borders,  separating  three  surfaces.  The  anterior  border  is 
\s  n  h  the  anterior  margin  of  the  flat  yiorlion.  At  its  commencement  it 
tmtl  corresjionds  to  the  interval  between  the  attachment  of  the  Pectoralis 
Deltoid  muscles:  at  the  'mnvv  lialf  of  the  clavicle  it  forms  ihe  lower 
')f  an  elliptical  space  for  the  attachment  of  the  clavicular  portion  of  the 
major^  and  approaches  the  jiosterior  border  of  the  bone.  The  mpcriur 
uitinuous  with  the  posterior  margin  of  the  flat  portion,  and  separates 
r  from  the  posterior  surface.  At  its  commencement  it  is  ssmooth  and 
icomes  rough  toward  the  inner  third  for  the  attachment  of  the  Steruo- 
8ck%  and  terminates  at  the  upper  angle  of  the  sternal  extremity.  The 
iinhrhivian  border  sej^arates  the  posterior  from  the  inferior  surface*  and 
-om  the  conoid  tubercle  to  the  rhomboid  impression.  It  forms  the  pos- 
terior boundary  of  the  groov^e  for  the  Stihclavius  muscle.,  and  gives  attachment  to  a 
layer  of  cervical  fascia  covering  the  Omo-hyoid  muscle.  The  anferivr  surftire  is 
included  between  the  su[terior  and  anterior  borders.  It  is  directed  forward  and  a 
little  upward  at  the  sternal  end,  outward  and  still  more  upward  at  the  acroiuiitl 
extremity,  where  it  becomes  continuous  with  the  upper  surface  of  the  fiat  portion. 
Externally,  it  is  smooth,  convex,  nearly  subcutaneous,  being  covered  only  by  the 
Platysma;  but,  corresponding  to  the  inner  half  of  tbe  bone,  it  is  divided  by  a  more 
or  less  prominent  line  into  two  parts:  a  lower  portion,  elliptical  in  form,  rough, 
and  slightly  convex,  for  the  attachment  of  the  Pectoralis  major ;  nnd  an  upper 
part,  which  is  rough,  for  the  attachment  of  the  Sterno-cleido*mastoid.     Between 

*  The  clavicle  nets  especially  as  a  fulcrmn  ia  enable  the  miiBcles  to  give  lalera!  motion  to  the  arm. 
It  is  arcc»rdiugly  nbsent  in  tho^  animals  whose  fore  liiiil>sarf  iibtd  only  for  prfi^re^^ion,  bni  is  prei^ent 
for  the  moel  part  in  lhcit«?  unimats  who«?€  anterior  extremities  are  clawed  and  n«ed  for  prehension^ 
Lboagh  in  some  of  them— a-s  for  instance,  in  a  large  number  of  the  C5irnivt>ni— it  is  nierely  »  rudi- 
mecitarT  bone  suspended  among  the  musclesj  and  not  artkiilating  eillier  with  the  scapula  or 
■ternum. 
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the  two  muscular  impressions  is  a  small  subcutaDeoiis  interval.  The  posterior  or 
cervicnl  surface  is  smooth,  flat,  and  looks  backward  toward  the  root  of  the  neck. 
It  is  limited,  above,  by  the  superior  bonier;  helovv,  by  the  subclavian  border; 
internally,  by  the  margin  of  the  sternal  extremity;  externally,  it  is  coQtinuous 
witli  the  posterior  border  of  the  Hat  portion.  It  is  concave  from  within  outward, 
and  is  in  relation,  by  its  lower  part,  with  the  suprascapular  vessels.  This  surface, 
at  about  the  junction  of  the  inner  and  outer  curves,  is  also  in  close  relation  with 
the  brachial  plexus  and  subclavian  vessels.  It  gives  attachment,  near  the  sternal 
extremity,  to  part  of  the  Sterno-hyoid  muscle;  and  presents,  at  or  near  the  middle, 
a  foramen,  directed  obliE|Ucly  outward,  which  transmits  the  chief  nutrient  artery 
of  the  bone.  Sometimes  there  are  two  foramina  on  the  posterior  earface,  or  one 
on  the  posterior,  the  other  on  the  inferior  sorface.     The  mfermr  or  subclavian 
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Fia.  192.— Left  cliivicle.    Superior  Horfftcc. 

surface  is  hounded,  in  front,  by  the  anterior  border;  behind,  by  the  subclavian 
border.     It  is  narrow  internally,  but  gradually  increases  in  width  externally,  and 
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Fra.  198.— Left  elftVtcle.    Inferior  surface. 


IB  continuous  with  the  under  surface  of  the  flat  j)ortion.  Commencing  at  the 
sternal  extremilv  may  be  seen  a  small  facet  fur  articulation  with  the  cartilage  of 
tbe  first  rib.  This  is  continuous  with  the  articular  surface  at  the  sternal  end  of 
the  bone.  External  to  this  is  a  broads  rough  impression,  the  rliomlw/d,  rather 
more  than  an  inch  in  length,  for  the  attachment  of  the  costo-clavicular  (rhomboid) 
ligament.  The  remaining  part  of  this  surface  is  occupied  by  a  longitudinal  gmove, 
the  8iibf*inviau  ffrotjn\  broad  and  smooth  externally,  narrow  wnd  more  uneven 
internally ;  it  gives  attachment  to  the  Subclavius  muscle,  and  by  its  anterior 
margin  to  the  costo-coracoid  membrane.  Not  unfrequently  this  groove  is  sub- 
divided into  two  parts  by  a  longitudinal  line, which  gives  attachment  to  the  inter- 
muscular septum  of  the  Subclavius  muscle. 

Tbe  internal  or  sternal  extremity  of  rhe  clavicle  is  triangular  in  form,  directed 
inward  and  a  little  downward  and  forward;  and  presents  an  articular  facet* 
concave  from  before  backward,  convex  from  above  downward,  which  articulates 
with  tbe  sternum  through  the  intervention  of  an  interarticular  hbro-cartilage ;  the 
circumference  of  the  articular  surface  is  rough,  for  the  attachment  of  numerous 
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lijeaments.     The  posterior  border  of  this  surface  is  prolonged  backward,  so  as  to 

increase  the  size  of  the  articolar  facet;  the  upper  border  gives  attachment  to  the 
interarticular  fibro-cartila<^t%  and  the  lower  border  is  coDtiruious  wirh  the  costal 
facet  on  the  inner  eud  of  rhe  inferior  or  subclavian  surface,  which  articulates  with 
the  cartilajje  of  the  tirst  rib. 

The  outer  or  acromial  extremity,  directed  outward  and  forward,  presents  a 
smalU  flattened,  oval  facet,  which  looks  obliquely  downward,  for  articulation  with 
the  acromion  process  of  the  scapula.  The  circumference  of  the  artictdar  facet  is 
rowgh,  es[)ecially  above,  for  the  attachment  of  the  aeromin-clavicular  lig?iioents, 

PeculiaritifH  of  thf"  Bone  in  the  St-jres  and  m  Imfiinihfah. — ^In  the  female  the 
clavicle  is  generally  shorter,  thinner,  less  curved,  and  smoother  than  in  the  male. 
In  those  persons  who  perf»:)rm  considerable  nianiia!  labor,  which  brings^  into  con- 
stant action  the  muscles  connected  with  this  bone,  it  becotnes  thicker  and  more 
curved,  its  ridges  for  muscular  attachment  become  prominently  marked,  and  its 
sternal  end  of  a  prismatic  form.  The  ri^^bt  clavicle  is  generally  longer,  thicker, 
and  rougher  than  the  left. 

Structure.' — The  shaft,  as  well  as  the  extremities,  consists  of  cancellous  tissije, 
invested  in  a  compact  layer  much  thicker  in  the  middle  than  at  either  end.  The 
clavicle  is  highly  elastic,  by  reason  of  its  curves.  From  the  exjiorimcnts  of  Mr. 
Ward  it  has  been  shown  that  it  possesses  sufficient  b>ngitydiniil  elastic  force  to 
project  its  own  weight  nearly  two  feet  on  a  level  surface  when  a  smart  blow  is 
struck  on  it;  and  sufficient  transverse  elastic  force,  opposite  the  centime  of  its 
anterior  convexity,  to  throw  its  own  weight  about  a  foot.  This  extent  of  elastic 
power  must  .serve  to  moderate  very  considerably  the  effect  of  concussions  received 
up')n  the  point  of  the  shoulder. 

Develcpment^^By  two  centres:  one  for  the  shaft  and  one  for  the  sternal 
exireniity.  The  centre  for  the  shaft  appears  very  early,  before  any  other  bone — 
according  to  Beclard,  as  early  as  the  thirtieth  day.  The  centre  for  the  sternal  end 
.makes  its  appearance  about  the  eigliteenth  or  twentieth  year,  and  unites  with  the 
St  of  the  bone  about  the  twenty-fifth  vear. 

ArticnlatioES.^ — With  the  sterniim,  scapnla,  and  cartilage  of  the  first  rib* 

Attachment  of  Muscles, — To  six  :  the  Sterno-cleido-mastoid,  Trapezius,  Pecto- 
rails  major.  Deltoid,  Subclavius,  and  Sterno-hyoid. 

Surface  Form. — The  rlavide  can  he  felt  tlirouphnut  its  entire  leagthf  even  in  perstms  who 
are  ver>'  fit,  (Njmm<?neiii!f  iit  the  iiuj*'r  erxb  the  t  alartroil  8t*>rnal  extremity,  wliem  tlie  hone 
projects  above  the  apper  nitirifin  oi'  the  sternum,  esm  lie  It-It,  tormiui^  with  the  stenniin  iintl  the 
rounded  tendon  of  the  Sternoniastold  ti  V-shapHil  noivh,  \hc  inr-fitpnut!  nffteh,  FaKHJng  out* 
waril,  the  shaft  of  the  Ixme  i-aii  Ix'  felt  imnjedrntely  under  the  skin,  with  itjs  convexity  forward 
in  the  inner  two-thirJs,  ihe  MirfUee  parti Jilly  ohsfure<i  above  and  lielow  hy  the  attaelonenis  of 
the  Sterno-niiistoiil  and  Pet'toralis  major  ituiseles.  lit  the  out^^r  third  it  iitrniH  it  L'entle  etirve 
backward,  and  tenuinates  at  the  (tnterentl  in  a  wanewhiit  enlarged  extremity  whidi  articulates 
with  the  aenmjial  pnK'ess  of  the  is<*apula.  The  direction  of  tlie  elaride  ih  alnu>st.  it'  not  rjiiite, 
horizontal  when  the  arm  is  lyin.ir  quietly  by  the  side.  th«mLd)  in  well-developed  suhjeets  it  may 
incline  ii  little  upwiird  at  its  outer  erid.  Its  direetion  is.  however,  very  chanireable  uith  the 
Tarj'intr  niovenjents  uf  tho  shonlrltT- joint, 

Smrgical  Anatomy.^The  rlavifle  in  the  most  frt?rpientlv  broken  of  any  siuLde  hone  in  the 
body.  ThiB  is  dne  lo  the  fa^-t  that  it  is  uoieh  exposerl  to  violenee*  and  is  the  only  hony  eonnee- 
lion  between  the  upper  limh  find  the  trunk.  The  hone*  inon'over,  in  t^lLiifler  smd  is  verv  .^oper- 
fieijil.  The  Ixjne  may  he  hroken  by  direct  or  indinn-t  vi*>lenre  or  by  mus<*nlar  aefion,  Tlir  most 
ctimmon  eause  is*  however,  from  indirLi't  violetH'e.  aad  the  l>one  then  ^ives  way  at  die  junction 
of  the  outer  with  the  hmer  two-thinis  of  the  iMine  ;  that  is  to  say  at  the  itjnction  of  the*  two 
curves,  for  this  is  the  weakest  part  of  the  hone.  The  fra<turt^  is  «renerally  nblirpie.  iiufl  the  dis* 
placement  of  the  frairtneuts  h  inwarib  away  from  the  siu'fuee  of  the  fwjdy ;  lienee  e<anponntl  trae- 
tare  of  the  cJaviele  is  of  rare  oeenn-enoe,  Beneatii  the  bone  the  mtiiu  vessels  of  the  ujiiier  limb 
and  the  jifreat  nerve-eonls  rd' the  hraehial  |>1exns  lie  no  the  first  ril>,  iind  are  liahle  tr>  be  wounded 
in  fracture,  eHpci'ially  in  fraeture  from  dt reel  violence,  when  the  turcr  of  rhe  hlow  drives  the 
broken  ends  inward.  Fortunately,  the  Sulxlavius  nuLSile  is  interposed  between  these  strueturea 
und  the  elaviek.  nod  this*  olb?n  proteels  tliem  from  injury. 

The  daviele  is  not  uncomuionly  the  «eat  of  sare<»nuitous  tumors,  reuderiufr  the  operation 
of  excision  of  the  entire  hnne  neee.ssary.  T!n>  is  an  oiK^nition  of  eonsidenible  diffienlty  and 
dan^^er.  It  is  liest  fierfonued  by  exposijitr  tlie  btme  freely,  disartieulating  at  the  aernmial  end. 
tnd  ttuning  it  inward.  The  removal  of  the  outer  part  is  comparatively  easy,  but  resection  of 
Id 
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tlic  iiJotT  part  is  fraught  with  difficulty,  the  njain  danger  being  the  risk  of  wouDding  the  p«at 
veins  which  iire  in  relation  with  it«  under  surface. 

The  Scapula. 

The  Scapula  {axandvr^,  a  8imde)  forms  the  back  part  of  the  shoulder  girdle.     It 
is  a  large,  fiat  bone,  triangular  in  shape,  situated  at  the  ]tosteri(>r  aspect  and  side  of 


Fro.  101.— Left  iciipolar  auitrior  surface,  or  venter. 

the  thorax*  between  the  second  and  seventh,  or  sometimes  the  eighth,  ribs»  its  poste- 
rior border  or  base  being  about  an  inch  from,  and  nearly,  hut  not  quite  parallel 
with  the  spinous  processes  of  the  vertehnx?,  so  that  it  is  rather  closer  to  them 
above  than  below.  It  presents  for  examination  two  surfaces,  three  borders,  and 
three  ani;^les* 

The  anterior  surface,  or  venter  (Fig.  194),  presents  a  broad  concavity,  the  9ub- 
xeapulnr  foma.  It  is  marked,  in  the  posterior  two-thirds,  by  several  oblique 
ridges,  which  pass  from  l»fdiind  oblii|uely  outward  and  rqiward ;  the  anterior  third 
18  smooth.  The  olilifpie  ridges  give  attacliment  to  the  tendinous  iutersections,  and 
the  8urfaces  between  them  to  the  fleshy  tibres,  of  the  Subscapularis  muscle.     The 
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anterior  third  of  the  fossa,  which  is  smooth,  is  covered  by,  but  does  not  afford 
attuchment  to.  the  fibres  of  this  muscle.  The  venter  is  separated  from  the 
posterior  border  by  a  smooth,  trijingolar  margin  nt  the  superior  and  inferior 
angles,  and  in  the  interviU  lietween  tlieseby  a  narrow  edge  which  is  often  deficient. 
This  marginal  surface  affords  attacbment  throughout  its  entire  extent  to  the 
Serratus  magnus  muscle.  The  subscajRilar  fossa  presents  a  transverse  depression 
at  its  upper  part,  where  the  bone  appears  to  be  bent  on  ilself  fonning  a  consider- 
able angle.  calle<i  the  Hufi^ftt/nifar  ani^h\  thus  giving  greater  strength  to  the  budy 
of  the  bane  from  its  arched  form,  while  the  sjunmit  «tf  the  arch  serves  to  support 
the  spine  and  acromion  process.  It  is  in  this  situation  that  the  fossa  is  deepest, 
m  that  the  thickest  part  of  the  Subscapularis  muscle  lies  in  a  line  perpeodicular 


9to.  lfi&.— Left  Kcttpulii.    Posterior  lurfbce,  or  dorsum. 


to  the  plane  of  the  glenoid  cavity,  and  must  consequently  operate  most  effectively 
on  the  head  of  the  humerus,  which  is  contained  in  that  cavity. 

The  posterior  surface,  or  dorsum  {Fig.  li*~)).  is  arched  from  above  downward, 
alternately  concave  and  convex  from  side  to  side.     It  is  subdivided  unequally  into 


two  parts  by  the  spine:  the  portion  above  the  spine  h  called  the  fiqirafptViou^ 
fossa  ^  and  that  below  it  the  infra  spinous  fossa. 

The  supraspinous  fossa,  the  smaller  of  the  two,  is  concave,  smooth,  and  broader 
at  the  vertebral  than  at  the  humeral  extremity.  It  affords  attachment  by  its  iuner 
two- thirds  to  the  Supra^pinatiis  muscle. 

The  initaspiiious  fossa  is  much  hirger  than  the  preceding ;  toward  its  vertebral 
margin  a  shallow  concavity  is  seen  at  it.^  upper  part;  its  centre  presents  a  promi- 
nent convexity,  whikt  toward  the  axillary  border  is  a  deep  groove  which  runs 
from  the  U[)fier  toward  the  lower  part.  The  inner  two-thirds  of  this  surface 
affonig  attacliment  ro  the  Infraspinatus  muscle;  the  outer  third  is  only  covered  by 
it,  without  giving  firigin  to  its  fibres.  This  surface  is  separated  from  the  axillary 
border  by  an  elevated  ridge,  wliieh  runs  from  llie  lower  part  of  ihe  glenoid  cavity 
downward  and  backward  to  the  posterior  border,  about  an  inch  above  the  inferior 
angle.  Tlie  ridge  serves  for  the  attachment  of  a  strong  aponeurosis  which  sepa- 
rates  the  Infraspinatus  from  the  two  Teres  muscles*  The  surface  of  bone  between 
this  line  and  tlie  axillary  border  is  narrow  in  the  upper  two-i birds  of  hs  extent, 
and  traversed  near  its  centre  by  a  groove  for  the  passage  of  the  dorsalis  scapulae 
vessels ;  it  affords  attacliment  to  the  Teres  minru%  Its  lower  third  presents  a 
broader,  somewhat  triangular  surface,  which  gives  origin  to  the  Teres  major,  and 
over  which  the  Latissimiis  dorsi  glides ;  sometimes  the  latter  muscle  takes  origin 
by  a  few  fibres  from  this  part.  The  broad  and  narrow  portions  of  bruie  above 
alluded  to  are  se|>arated  l>y  an  oblitjue  line  which  runs  from  the  axillary  border, 
downward  and  backward,  to  meet  the  elevated  ridge:  to  it  is  attached  the 
aponeurosis  separating  the  two  Teres   muscles  from  each  other. 

The  Spine  is  a  jjrominent  plate  of  bone  which  crosses  obliquely  the  inner 
four-fiftlis  of  tbe  dorsum  of  the  scapula  at  its  upper  part,  a'nd  separates  the  supra- 
from  the  infraspinous  fossa:  it  commences  at  the  vertebral  border  by  a  smooth, 
trianguhir  surface,  over  which  the  Trapezius  glides,  separated  from  the  bone  by  a 
bursa,  and,  ^raduallv  becoming  more  elevated  as  it  passes  forward,  terminates  in 
the  acromion  process,  which  overhangs  the  shoulder-joint.  Tlic  spine  is  triangular 
and  flattened  from  above  downward,  its  apex  corresponding  to  the  posterior 
border,  its  base  (which  is  directed  outward)  to  the  neck  of  the  scapula.  It 
presents  two  surfaces  and  three  borders.  Its  Hupenor  surface  is  concave,  assists 
in  forming  the  sup  rasp  in<ois  fossa,  and  affords  attachment  to  part  of  the  Supra- 
spinal us  muscle.  Its  ittf'rinr  surf  ace  forms  part  of  the  infraS]>inous  ffjssa,  gives 
origin  to  part  of  the  Infrasjiinatus  muscle,  fvnd  presents  near  its  centre  the  orifice 
of  a  nutrient  canaL  Of  the  three  borders,  the  anterior  is  attached  to  the  dorsum 
of  the  bone ;  the  ptfsferior^  or  crest  of  the  spine,  is  broa*!,  and  i>resents  two  lips 
and  an  intervening  rough  interval*  To  the  superior  lip  is  attached  the  Trapezius 
to  the  extent  sloiwn  in  the  figure.  A  rough  tubercle  is  generally  seen  occupying 
that  portirui  of  the  s[iine  which  receives  the  insertion  of  the  miiidle  and  inferior 
fibres  of  this  muscle.  To  the  inferior  lii*,  thrmighout  its  wlude  length,  is  attached 
the  Deltoid.  The  interval  between  the  lips  is  also  partly  ccnered  by  the  fibres  of 
these  muscles.  The  external  border,  or  bascy  the  shortest  of  the  three,  is  slightly 
concave,  its  edge  thick  and  round,  contintious  above  with  the  under  surface  of  the 
acromitm  process,  beh>w  with  the  neck  of  the  scapuia.  The  narrow  portiun  uf  bone 
external  to  this  border,  and  separating  it  from  the  glenoiil  cavity,  is  called  the 
great  scapular  aotch,   and  serves   to  connect  the  supra-  and  infraspinous   fossie. 

The  Acromion  Process,  so  called  fnun  forming  the  summit  of  the  shoidder 
(axpoif,  a  summit ;  ci/it>c.  the  shoulder),  is  a  large  antl  somewhat  triangnlar  process, 
flattened  from  behind  forward*  directed  at  first  a  little  outward,  and  then  curving 
forward  and  upward,  so  as  to  overhang  the  glenoid  cavity.  Its  upper  mitface^ 
directed  upward,  backward,  and  outward  is  convex,  rough,  and  gives  attachment 
to  some  fibres  of  tlie  Deltoid,  and  in  the  rest  of  its  extent  it  is  subcutaneous.  Its 
under  surfaee  is  smooth  andc<*ncave.      Irs  oufcr  border  is  thick  and  irregular,  and 

f  resents  three  or  four  tubercles  for  the  tendinous  origins  of  the  Deltoid  muscle, 
ts  inner  marf/in,  shorter  tban  the  outer,  is  ctuicave,  gives  attachment  to  a  portion 
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of  the  Trapezius  muscle,  and  presents  about  its  centre  a  small  oval  surface  for 
articulation  with  the  acromial  end  of  the  clavicle-  Its  apex,  which  corresponds 
to  the  point  of  meeting  of  these  two  borders  in  front,  is  thin,  and  has  attaclied  to 
it  the  coraco-acroraial  ligament. 

Uf  the  three  borders  or  cos  tie  of  the  scapula,  the  superior  is  the  shortest  and 
thinnest:  it  is  concave,  terminating  at  its  inner  extremity  at  the  superior  angle,  at 
ltd  outer  extremity  at  the  coracoid  process.  At  its  outer  part  is  a  deep,  semicircular 
notch,  the  gnprascaptihir,  formed  partly  hy  the  base  of  the  coracoid  pixicess,  This 
notch  is  converted  into  a  foramen  by  the  transverse  ligament,  and  serves  f<*r  the 
passage  of  the  suprascapular  nerve.  The  adjacent  margin  oi'  the  sujierior  border 
affords  attachment  to  the  (hno-byoid  muscle.  The  erternaly  or  ajrilhtfy.  honivr  is 
the  thickest  of  the  three.  It  cnmmences  above  at  the  lower  margin  of  the  glenoid 
cavity,  and  inclines  obliijuely  downward  and  backward  to  the  inferior  angle. 
Immediately  hebnv  the  glenoid  cavity  is  a  rough  impressi(Pn  (the  mfhtf/h'noid 
tuberelf),  about  an  incli  in  length,  which  aft'ords  atturlioient  to  the  long  head  of 
ibe  Triceps  muscle;  to  this  succeeds  a  huigitudinsil  groove,  which  extends  as  far 
18  its  lower  third  and  affords  ru'igin  to  part  of  the  Subscapulavis  muscle.  The 
inferior  third  of  this  border,  which  is  thin  and  sharp,  serves  for  the  attachment  of 
a  few  fibres  of  the  Teres  major  behind  and  of  the  Subscapuhiris  in  front.  The 
internal,  or  verh'hr<ii,  border^  also  named  the  ha8i\  is  the  lf>ngcst  of  the  three, 
and  extends  from  the  superior  to  the  itjferior  angle  of  the  hone.  It  is  arched, 
intermediate  in  thickness  between  the  su]>ei  it>r  and  the  external  borders,  and  the 
portion  nf  it  above  tbe  spine  is  bent  considerably  outward,  so  as  to  form  an 
obtuse  angle  with  the  lower  part.  The  vertebral  border  presents  an  anterior  lip, 
a  posterior  lip,  and  an  intermediate  space.  The  anterior  Up  affords  attachment 
to  the  Serratus  magnus;  the  posterior  h'p^  to  the  8uprasf>inatus  above  the  spine, 
the  Infraspinatus  below  ;  the  interval  between  tbe  two  lips,  to  lire  Levator  anguli 
puhe  above  the  triangular  surface  at  the  cnmuicncetneni  <»f  the  spine,  the 
Xhomboideus  minor  to  the  edge  of  that  surface  ;  the  Hhomboideus  major  being 
attached  by  means  of  a  fibrous  arch  connected  above  to  the  lower  part  of  the 
triangular  surface  at  the  base  of  the  spine,  and  below  to  the  lower  part  of  the 
posterior  border. 

Of  the  three  angles,  the  nuperinr,  formed  by  tbe  junction  of  tbe  su|terior  and 
internal  borders,  is  lhin>  smorvtb,  rounded,  somewhat  iiicliued  outward,  and  gives 
attachment  to  a  few^  fibres  of  the  Levator  anguli  scapuhi?  muscle.  The  inferior 
angle,  thick  and  rough,  is  formed  by  the  union  of  the  vertebral  antl  axillary 
borders,  its  outer  surface  affording  attachment  to  the  Teres  major  and  occasionally 
a  few  fibres  of  the  Latissimiis  doi'si-  The  anterior  angle  is  the  thickest  jiart  of 
the  bone,  and  forms  what  is  called  the  heatl  of  the  scapula.  The  head  ]>resent8  a 
shaUow,  pyriform,  articular  surface,  the  glenvid  eavitt/  ()^.j^Vij,  a  socket),  whose 
longest  diameter  is  f nun  above  downward,  and  its  direction  luitward  and  fiu'ward. 
It  is  broader  below  than  above;  at  its  apex  is  a  slight  impression  {tinprtfr^hnoid 
tubervl*')  to  which  is  attached  the  long  tendon  of  the  Biccj>s  muscle.  It  is  covered 
with  cartilage  in  the  recent  state;  and  its  margins,  slightly  raised,  give  attachment 
to  a  fibro-cartihiginous  structure,  the  t/ie?i**id  iff/awent,  by  which  its  cavity  is 
deepened.  The  neck  of  the  scapula  is  the  slightly  depressed  surface  vvhicli  sur- 
rounds the  beatl ;  it  is  more  distinct  on  the  yiosterior  than  on  the  anterior  surface^ 
and  beb>w  than  above.  In  the  latter  situation  it  has  arising  from  it  a  thick  prom- 
inence, the  coracoid  process. 

The  Ooracoid  Process,  so  called  from  its  fancied  resemblance  to  a  crow's  beak 
(xopa^^  a  crow),  is  a  thick,  curved  ]>rocess  of  boue  wliich  arisfs  by  a  broad  base  from 
the  upper  part  nf  the  neck  of  the  scapuhi ;  it  is  directed  at  first  ujjward  and 
inward,  then,  becoming  suialler,  it  changes  its  direction  and  passes  forward  and 
outward.  The  ascending  portion,  fiattened  from  before  backward,  presents  in 
front  a  smooth,  concave  surface  over  which  passes  the  Subscapularis  muscle.  The 
horizontal  portion  is  flattened  from  above  downward,  its  upper  surface  is  convex 
and  irregular,  and  gives  attachment  to  the  Pectoralis  minor;  its  under  surface  ift 
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Binooth;  its  inner  border  is  rough,  and  gives  attaclinient  to  the  Pectomlis  minor; 
its  outer  border  is  also  rough  for  the  eoraco-aeroiiiiiil  li^anient*  while  the  apex  is 
enibraeed  by  the  conjoined  tendon  of  origin  of  the  short  head  of  the  Biceps  and 
of  the  Coraco-hraehitilis.  At  the  inner  side  of  the  root  of  the  coracoid  process  is 
a  rough  impression  for  the  attachment  of  the  conoid  ligament ;  and  running  from 
it  ohli([*iely  forward  and  outward  on  the  upper  surface  of  the  horizontal  portion, 
an  elevated  ridge  for  the  attachment  of  the  tra[iezoid  ligament. 

Structure, — In  the  bead,  processes,  and  all  the  thickened  parts  of  the  bone 
the  scapula  is  composed  of  cancellous  tissue,  while  in  the  rest  of  its  extent  it  is 
composed  of  a  thin  layer  (»f  dense,  comj>act  tissue.  The  centre  and  upper  part  of 
the  dorsum,  but  especially  the  formerj  are  usually  so  thin  as  to  be  semitransparent; 
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Fig.  lOS.— Pkn  of  the  development  of  the  scaptilft.  By  acven  centres.  The  uplpliyse*  {except  one  for  thi 
coracoid  ppoeess)  appear  from  CifU^eu  to  seveivteeti  ye*in»,  mid  utiite  Ixrtween  twenty-two  and  twenty*live  years 
of  age. 

occasionally  the  hone  is  found  wanting  in  this  situation,  and  the  adjacent  muscles 
come  into  contact. 

Development  (Fig.  19G). — By  seven  centres:  one  for  the  body,  two  for  the 
coracoid  process,  two  for  the  acromion,  one  for  the  vertebral  border,  and  one  for 
the  inferior  an^le, 

()ssitit*atii)n  of  the  body  of  the  scapula  commences  about  the  second  month  of 
fietal  life  by  the  formation  of  an  irre^tilar  ipuidrilMtenil  jdate  of  bone  immediately 
behiinl  the  glenoid  cavity.  This  plate  ex  tends  itself  so  as  t<»  form  the  chief  part  of 
the  bone,  the  spine  growing  uj)  from  its  posterior  surface  about  the  third  month. 
At  birth  the  chief  ]iart  of  the  scapula  is  osseous,  only  the  coracoi^l  and  acromion 
processes,  the  posterior  border,  ond  inferior  angle  being  cartilaginous.  About 
the  first  year  after  birth  ossification  takt^s  place  in  the  middle  of  the  coracoid 
process,  which  usually  becomes  joined  with  the  rest  of  the  bone  at  the  time  when 
the  other  centres  make  their  ap|iearauce.  Between  tlie  tifteenth  and  vseventeenth 
years  ossification  of  tho  remaining  centimes  takes  place  in  quick  succession,  and 
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in  the  following  order:  fii*st,  near  the  base  of  the  acromion  antl  in  the  root  of  the 
comcoid  process,  the  latter  appearing  in  the  form  of  a  broad  sctile ;  secondly,  in 
the  inferior  angle  and  contiguous  part  of  the  posterior  border;  thirdly,  near  the 
extremity  of  the  acromion ;  founlily,  in  the  posterior  bL»rder.  The  acromion 
process,  besides  being  formed  of  two  .sejiarate  nuclei,  has  it.s  base  farmed  by  an 
extension  into  it  of  the  centre  of  ossification  which  belongs  to  the  S[*ine,  tiie 
extent  of  which  varies  in  different  causes.  The  two  separate  nuclei  unite,  and 
then  join  with  the  extension  carried  in  from  the  8i)ine.  These  various  epiphyses 
become  joined  to  the  bone  between  the  ages  of  twenty-two  and  twenty-five  years. 
Sometimes  failure  of  uni^>n  between  the  acromion  process  and  spine  occurs,  the 
junction  being  eff'ected  by  fibrous  tissue  or  by  an  imperfect  articulation  ;  in  some 
cases  of  supposed  fracture  of  the  acromion  with  ligamentous  union  it  is  probable 
that  the  detached  segment  was  never  united  to  the  rest  of  the  bone.  Very  often, 
in  additi(m  to  these,  a  minute  epiphysis  appears  at  the  margin  of  the  glenoid 
cavity. 

Articiilations. — With  the  humerus  and  clavicle. 

Attachment  of  Muscles.^To  seventeen  :  to  the  anterior  surface,  the  Subscapu- 
laris;  |iosterior  surface,  Soprnspinatus,  Infraspinatus;  spine.  Trapezius,  Deltf>id  ; 
superior  border,  Omo-hyoid;  vertebral  border,  Serratus  magnus,  Levator  anguli 
acapahe,  Rhomboideus  minor  and  major ;  axillary  border.  Triceps,  Teres  minor. 
Teres  major;  glenoid  cavity,  b>ng  head  of  the  Biceps;  coraeoid  process,  short 
head  of  the  Biceps,  Coraco-brachialis,  Pectoralis  minor;  and  to  tlie  inferior  angle 
occasionally  a  few  fibres  of  the  Laiissimus  dorsi. 

Surface  Form, — The  only  purts  of  the  stjipula  which  are  truly  sulicutaneous  are  the  spine 
Mid  Hcnaiiion  priR-ess,  hut,  in  addition  to  these,  the  eorucoifi  procesfi,  the  intirDal  or  vtTtidtnil 
OOnler  and  inferior  nntde,  and.  to  a  less  extent,  the  nxilbrj'  border,  may  be  defined.  The  iuto> 
mion  pn]K!esa  and  spine  of  the  seaf)nla  are  easily  full  tliroujL'hout  their  entire  length,  forming, 
with  tne  clavicle,  the  arch  of  the  shoulder.  The  iwrumum  can  be  ascertained  to  be  eonnt-cted 
to  the  clavicle  at  the  acrQmioK?hivieular  joint  by  runninif  the  fintrer  alonjj  it,  its  position  beiag 
oHen  indicate*!  bv  an  irregularity  or  Wny  uutirruwili  fnun  the  i  laviele  elo.se  to  the  joint.  The 
arrumion  can  be  felt  fororinsJ  the  point  id*  the  shoulder,  and  from  this  can  he  tniecd  backward 
to  Join  the  sipine  of  the  R-aptda,  The  plare  of  junction  it^  us^tially  denoted  by  a  pruminenee^ 
which  is  sometimes  called^  tlic  an^de.  From  here  the  s|>iHe  can  lie  felt  as  a  pronun(*nt  rid|!e  of 
bi»tie,  markeil  on  the  siirfat-e  as  an  obhfpie  depressioti.  wliirli  beenmes  le?*«  and  less  distinct,  and 
terminates  a  little  external  to  the  spiiions  priH-t's^es  of  the  vertebne.  Its  termination  is  iL^uallv 
indurated  by  a  sh^ht  dimple  in  the  skin  on  a  level  wirli  the  interval  between  the  third  and  loiirth 
dor*jjl  spine.s.  Below  this  point  the  vertebRil  border  of  the  s<ajnila  may  In*  tniml,  rumnng 
downward  and  outward,  and  thui*  divert'inir  lironi  the  vertebral  j^j tines,  to  the  inferi(.>r  an^de  of 
the  ijoiie,  which  can  be  recognized,  altlionLrh  eovered  by  tlie  Latissinjus  dorsi  iiiasele.  Froui 
this  angle  ihe  axillary  fnirder  can  nsnally  he  traced  thmtiL«'h  this  thick  laascular  covering',  form- 
jnj£«  with  the  mnsiLdes,  the  posterior  fold  of  the  axilla.  The  conicoid  process  may  W  felt  about 
an  inch  tielow  the  junetinn  of  the  middle  and  otiter  thin!  of  the  davicle.  Its  position  is  indi- 
cated on  the  sijrni4_*e  of  the  body  by  a  slight  dt"pr<^%'<^i«»n  which  corresponds  to  the  intenal 
between  the  Pectoralis  major  and  Deltuid  nmsfles.  When  the  arms  are  hantrinjir  by  the  side, 
the  upf>er  anirle  of  the  s^'apiila  rorruHfHJnds  to  the  ojtp^'r  border  of  the  secoTjd  rib  or  the  interval 
between  the  first  and  seeund  ilursai  spines,  the  inferior  an.^^le  to  the  upper  border  id'  the  eighth 
rib  or  the  interval  between  the  seventh  and  ei^'hth  rhrrsal  spini^s. 

Surgical  Anatomy. — Fractnres  of  the  body  of  the  scapula  are  rare,  owinix  to  the  mobility 
of  the  liiine.  the  thick  layer  of  miLs  l(%s  by  which  it  is  encased  on  both  snrfu^'es,  ami  the  Am- 
ticity  vd'  the  rih?^  un  which  it  rests.  Fraetnre  of  the  neck  of  the  hone  is  alsu  unconimon.  The 
UHJSt  tre^nent  course  of  the  thtetare  is  from  the  suprascapular  notch  to  the  infraidenoid 
Tub<:rcle.  and  it  derives  its  prineipal  interest  from  it.s  simiibiiHU  to  a  stih^lenoid  dislocation  uf 
the  humerus.  The  dia^mosis  can  l>e  made  by  iM»tinir  the  alteration  in  the  po,sition  of  the 
aoracoid  pro</ess.  A  fnietiire  of  the  neek  extenuil  to,  and  not  including;,  the  eorac<jid  process  is 
"  1  to  ix-curt  but  it  is  exceedinjrly  doiihtfiil  whether  such  im  accidetit  ever  take?*  place.  The 
[>itiion  process  is  more  frefiuently  broken  than  any  other  part  of  the  Ijone,  and  there  is  some' 
times,  in  yoimj;?  subjects,  a  separation  of  the  epiphysis.  It  is  Ixdieved  that  niany  of  the  cases 
of  supposed  fracture  of  the  acromion,  with  Hhroa.^  union,  which  have  lieen  fynnd  oti  post-mor- 
lera  examination  are  really  cases  of  itnrK*rfectly  united  epiphysis.  Sir  Aslley  ( Vioper  believed 
I  hat  mty^t  fraetnres  of  this  bone  united  by  fihroiis  tissnc,  ant  J  the  cause  of  this  uiode  of  imion 
wt&sthe  difficulty  there  was  in  keepimi  the  fractured  ends  Ln  constant  apposition.  ^The  coraeoid 
process  Is  occasionally  broken  off^  either  from  diret^t  violence  or  perhaps*  rarely,  from  muscidar 
iu*tion. 

Tumors  of  variouB  kinds  grow  fmni  the  si^apula.     Of  the  innocent  form  of  tumors  prob* 
-ably  the  osteoraata  are  the  most  common,     Wfien  it  grows  from  the  venter  of  the  scapula,  as  it 
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sometimes  does,  it  is  of  the  rnmpaet  variety,  such  as  ustially  jnrtws  from  membninefbniie^ 
lx>ii«s,  as  rlie  hones  of  tlie  sknll.  fliis  would  Mjipcar  to  afford  evidern'ti  tliut  liiis  iKirtiori  of  the 
Ikitic  is  tbrriied  from  meuiljrane,  and  not,  like  tlie  resit  of  tlie  bone,  from  i^artib^e.  t^arcMmiatous 
tumors  soinetiuies  ^tovv  from  Hie  scapuhu  awl  miiy  uet;essitate  removal  fd'  tbe  bone,  with  or 
without  aui]>ut!itioii  of  the  vipper  limb.  The  bone  may  he  exeised  hy  a  T  iiieiHMm,  and,  the  flaps 
hein.if  ret^ecteiK  the  reuioval  ts  eommeneed  from  the  posterior  or  vertebral  htjrder,  &>  that  tne 
8ut»M>ipular  vessels  whieh  lie  aloiia:  the  axillary  border  are  among  the  last  structures  divided,  aofJ 
can  he  at  onee  seeured, 

THE    ARM. 

The  Humerus. 

The  Hiimerus  is  the  hmgest  and  largest  booe  of  the  upper  extremity  ;  it  pre- 
sents for  examination  a  shaft  and  two  extremities. 

The  Upper  Extremity  is  the  htrgest  part  of  the  bone;  it  presents  a  rounded 
head^  joined  to  the  ^huft  by  a  eonstricted  portion,  ejilled  the  m'i'k,  and  two  other 
eminences,  the  greater  and  lesser  titfterostftrs  (Fig.  11*7). 

The  head,  nearly  hemispherical  iu  fonn/  h  directed  upward,  inward,  and  a 
little  backward,  and  articulates  with  the  glenoid  cavitj''  of  the  scapula;  its  surface 
is  smooth  and  coated  with  cartilage  in  the  recent  state.  The  circumference  of  its 
articular  surface  is  slightly  constricted,  and  is  termed  the  amitoifiira!  twrk,  in  con- 
tradistinction to  the  ctmstriction  which  exists  below  the  tuberosities.  The  hitter 
is  called  the  i<Hrt/k'al  Hefk,  from  its  id\en  being  the  seat  of  fracture.  It  sboulil  be 
remembered^  however,  that  fracture  of  the  anatomical  neck  does  sometimes,  though 
rarely,  oeciii". 

The  anatomical  neck  is  obliquely  directed,  forming  an  obtuse  angle  with  the 
shaft.  It  is  more  distinctly  marked  in  the  lower  half  of  its  circumference  than  in 
the  upper  half,  where  it  presents  a  narrow  groove,  separating  the  head  from  the 
tuberosities.  Its  circutuferenee  afiVu'ds  Httachmeut  to  the  capsular  ligament  and 
is  perforated  by  nuuierous  vascular  foramina. 

The  greater  tuberosity  is  situated  on  the  outer  side  of  the  head  and  lesser 
tuberosity.  Its  upper  surface  is  rounded  and  marked  by  three  flat  facets,  sep- 
arated by  two  slight  ridges:  the  highest  facet  gives  attachment  to  the  tendon 
of  the  Supraspinatus ;  tiie  middle  otie,  to  the  Infraspinatus;  the  lowest  facet  and 
the  shaft  of  the  bone  below  it,  to  the  Teres  minor.  The  outer  surface  of  the 
great  tuberosity  is  convex,  rough,  ancl  continuums  with  the  outer  side  of  the  shaft. 

The  lesser  tuberosity  is  more  prominent,  alrhough  snudler  than  the  greater:  it 
is  situated  in  front  of  the  head,  and  is  directed  inward  antl  forward.  Its  summit 
presents  a  promitient  facet  for  the  insertion  of  the  tendon  of  the  Subscapularis 
muscle.  The  tuberiisifics  are  se[iaralcd  from  one  another  by  a  deep  groove,  the 
bff*iffittff  tpytttrc,  so  callecl  from  its  lodging  the  long  lend<»n  of  the  Biceps  muscle 
Mith  wdiich  runs  a  branch  of  the  anterior  circumflex  artery.  It  cojutnences 
above  between  I  he  two  tuberosities,  parses  obliquely  downward  and  a  little 
inward,  and  tei^minates  at  the  junction  of  tlie  up|ier  with  the  middle  third  of 
the  bone.  It  is  deep  and  narrow  at  the  ci»mniencement,  and  becomes  .shallow  and 
a  little  broader  as  it  descends.  Its  borders  are  called,  respectively,  the  external 
and  internal  htfipittd  rkhfes  ;  to  the  former  of  which  tlie  name  pecttinti  riiht*'  is, 
also,  often  applied.  In  the  recent  state  this  groove  contains  a  probnigation  of 
the  synovial  metnbranc  of  the  shoulder -joint,  nnd  its  floor  receives  tliat  [lortion 
of  the  tendon  of  insertion  of  the  Latissimus  dorsi  muscle  which  is  reflectetl  into 
it  from  the  intenml  bicipital  ridge. 

The  Shaft  of  the  humerus  is  almost  cylindrical  in  the  upper  half  of  its  extent^ 
|irismatic  and  flattened  below,  and  [iresenis  three  borders  and  three  surfaces  for 
exami  nation. 

The  anterior  border  runs  from  the  fi'ont  of  the  great  tuberosity  above  to  the 

'  Thoiigh  the  head  is  nearly  hemit^pherical  in  fornn  its  111.1  rjfitij  as  Sir  G.  Humphry  has  shown* 
is  by  no  means  a  true  eirele.  Itftgre:itcst  meaKurement  ik  from  the  top  of  the  hit-ipital  j^roove  in  a 
dirt-'ction  dnwnwunb  iiiwimb  nnd  bnckwanh  Henei^  it  iVdlows  that  the  prrealest  elevation  of  the  arm 
can  1>e  obUiinod  hv  r<dliiig  the  articular  surface  in  tbiu  direction — that  is  to  say,  oblii^aelj  upward, 
outward,  nnd  forward. 


Common  oririin  <jf — ^^ 

n.i;40H   C*B»»l    flAOiAL»t  '^ 


•  —-Cbmmim  origin  of 
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Fio.  IST,— Left  humeniB.    Anterior  view. 

bronoid  depression  below,  separating  the  mternal  from  the  external  surface.     Ita 
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upper  part  is  very  prominent  iintl  rough,  and  forms  the  outer  lip  of  the  bicipital 
groove.  It  ia  here  often  c-jilled  the  external  lfH'ij:*if(t!  ridi^e^  and  serves  for  tbe 
attachment  of  the  tendon  of  the  Pectoralis  major*  Aljont  its  eentre  it  forms  the 
anterior  boundary  of  the  routrh  deltoid  imjiresslon  ;  bel*>w,  it  is  smooth  and  rounded, 
aflording  attachment  to  the  ErachiaH.s  anticus. 

The  external  border  runs  from  the  back  part  of  tbe  greater  tubenisitj  to  the 
external  eondyle,  and  ^^eparate8  tbe  external  from  tbe  posterior  surface.  It  is 
rounded  and  iiidistiuetly  marked  in  its  upper  half,  serving  Ww  the  attaebment  of 
the  lower  part  of  the  insertion  of  the  Teres  minor,  and  below  this  of  the  external 
head  of  the  Triceps  muscle ;  its  centre  is  traversed  by  a  broad  hut  shallow,  oblique 
depression,  tbe  mimvulo-mplral  groove  ;  its  lower  ]>art  is  marked  bj  a  prtuninent, 
rough  niargin,  a  little  curved  fnun  behind  forward,  tlie  erte^'naJ  supraconflt/hr 
rifhfe^  which  presents  an  anterior  lip  for  t\w  attadnuent  of  the  Supinator  longua 
above  und  Extensor  carpi  radial  is  longior  below,  a  posterior  lip  for  the  Triceps, 
and  an  interstice  for  the  attaebment  of  the  external  intermuscular  septum. 

The  mtemal  border  extends  from  tbe  lesser  tuberosity  to  tbe  internal  condyle. 
Its  tipper  third  is  marked  by  a  proinincnt  ridge,  fonnitig  the  infernal  lip  of  the 
bicipital  groove,  and  gives  attach  me  tit  to  tbe  tendon  of  the  1  eres  major.  About 
its  centre  is  a  rough  ridge  for  the  uttaehment  of  the  Coi^aco-hrachialis,  and  just 
below  this  is  seen  the  entrance  of  the  nutrient  canal,  directed  downward.  Some- 
times there  is  a  second  canal  higher  up,  which  takes  a  similar  direction.  The  infe- 
rior third  of  this  border  is  raised  into  a  slight  ridge,  tbe  internal  supraeondt/lar 
7'l(hj*\  which  becomes  very  prominent  below ;  it  presents  an  anterior  lip  for  the 
attaebment  itf  tbe  Brachialis  anticus,  a  posterior  lip  fur  tbe  internal  head  of  the 
Tricejjs,  and  an  intermediate  space  for  the  intermil  intermuscular  septum. 

The  external  surface  is  directed  outward  above,  where  it  is  smooth,  rounded, 
and  covered  by  the  Deltoid  muscle ;  forw ard  and  outward  below,  where  it  is 
slightly  concave  from  above  downward,  sind  gives  origin  to  j>art  of  the  Brachialis 
aniiciis  miiscle.  About  the  middle  of  this  surface  is  seen  a  rough,  triangular 
impressi(ui  fur  tiie  insertion  of  the  Deltoid  tiinsclc  ;  anil  below  it  the  musculo-spiral 
groove,  directed  obli(piely  from  behind,  fruward  and  downward,  ond  transmitting 
tbe  muscuh>-s]^iral  nerve  and  sup^erior  ])rofunda  artery. 

The  internal  surface p  less  extensive  than  tho  externah  is  directed  inward  above, 
forward  and  inward  below;  at  its  upper  part  it  is  narrow  and  forms  tbe  tloor  of 
the  bicijjital  groove:  to  it  is  attacbed  the  Latissimus  dorsi.  The  middle  part  of 
this  surface  is  slightly  rough  for  the  attaclnnent  of  some  of  the  fibres  of  the  tendon 
of  insert itm  of  the  Coraco-brachialis  ;  its  lower  part  is  smooth,  concave,  and  gives 
attachment  to  the  Brachialis  anticus  muscle.* 

The  posterior  surface  (Fig.  198)  appears  somewhat  twisted,  so  that  its  upper 
part  is  directed  a  little  inward,  its  lower  part  backward  and  a  little  outward. 
Nearly  tbe  whfde  of  this  surface  is  covered  by  the  external  and  internal  heads  of 
the  Triceps,  the  fortner  nf  which  is  attached  to  its  upper  and  <uiter  part,  tbe  latter 
to  its  inner  and  hack  [»art,  the  two  being  separated  by  the  musculo-spiral  groove. 

The  Lower  Extremity  is  tiattened  from  befme  backward,  and  curved  slightly 
forward ;  it  terminates  below  in  a  broad,  articular  surface  which  is  divided  into 
two  parts  by  a  slight  ridge.     Projecting  on  either  side  are  the  external  and  inter 

^  A  smatl^  hook-stiape^i  pitxi^ss  of  b^ne,  ViirvinjET  from  ^^t;  to  J  nf  an  iiH'ti  in  lengthy  is  not  iiufre* 
(piently  fimnU  pnijeetini?  from  Uii*  inner  surface  of  ttu^  Hiiaft  of  the  huinerus  two  iiiehes  ahtjvt'  the 
intcrnril  LWidyk^  It  in  cnrvett  downwanJ,  forwanl,  imkI  inwan!,  and  ibijiointed  extremity  i^  ctmnected 
to  the  intemaHHirdtTt  jtiKt  alwtve  the  iiiiior  i'ondylt%  hy  a  li>^iiiei>t  or  IjhmiiR  hand,  eornjdelinK  »n 
iirch  through  whicti  the  median  nerve  nm\  hraehial  artery  jmss  wlien  llit^e  slruetiires  deviate  fn>m 
their  uaiinl  eonrse.  SouietimeH  the  nerve  alone  is  tra^nj^nnlled  thnnj^h  it,  or  the  nerve  may  lie 
ae^oinpanied  hy  the  idn:^r  artery  in  east^j^  of  lii^li  division  of  the  linichitd.  A  wellmarked 
groove  IS  UKiudly  found  behind  ttie  fircwess  in  wtjich  the  nerve  and  artery  are  lodged.  This 
space  i«  aiialitgoiia  to  the  siipmeondylnld  ft^ninien  in  many  nniiiniLs  »nd  probably  serves 
in  them  to  protect  the  nerve  and  artery  from  eoropression  ^iurin^  llie  conLraotion  of  the 
muivele.s  in  this  region.  A  det^dled  account  of  this  proceiw  la  piven  by  Dr  8tnithere,  in 
his  Anraftmieal  and  Ph}fsu}lo(/md  Ob»ermtioH^^  p.  202,  An  iiocesisory  pimion  of  the  Comco- 
bnteliitdis  musele  h  freqneotly  eouneeted  with  this  proceas,  aocording  to  Mr>  J.  Wood,  [Join'nat  of  AnaL 
OMu  Phya.t  No,  1,  Nov.,  J  86{»,  "p.  47), 
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D&l  condyles.  The  articular  suiface  extends  a 
littJt?  lower  than  the  condyles,  smd  h  curved 
fli^htly  forward,  so  as  to  occupy  the  mnre  ante- 
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s  greatest 
the  transverse  diameter,  and  it  iyi  obliquely  di- 
recteil,  so  that  its  inner  extremity  occupies  a 
lower  level  than  the  outer.  The  outer  portion  of 
llie  articular  surface  presents  a  suioorh,  rounded 
eminence,  which  has  received  the  name  of  the 
capitellum,  or  radial  head  of  the  humerus;  it 
articulated  with  the  cu|Hsha|ied  depression  on 
the  hea.d  of  the  radius,  and  is  limited  to  the 
front  and  lower  part  of  the  bime,  not  extending 
as  far  back  as  the  other  portion  of  ihe  articular 
surface.  On  the  inner  side  of  this  eminence  is 
a  shallow^  groove,  in  which  is  received  the  inner 
margin  of  the  head  of  the  mdius*  Above  the 
fnmt  part  of  the  capitellum  i.si  seen  a  slight  de- 
pres.sion  whiclj  receives  the  anterior  border  of  the 
head  of  the  radius  when  the  forearm  iS  flexed. 
The  inner  |>ortiiin  of  tlie  articular  surface,  the 
traehlea^  presents  a  tlee|i  clepressinn  between 
two  well-marked  borders.  Tbis  surface  is  con- 
vex from  before  backward,  cuneave  from  side  to 
side,  and  occupies  the  anterior,  lower,  and  pos- 
terior parts  f)f  the  bone.  The  external  border, 
less  [>rominent  than  the  internab  c(U'resj>onds  to 
the  interval  between  the  radius  and  the  ulna. 
The  internal  border  is  thicker,  more  prominent, 
and  conscijuently  of  greater  length,  than  the 
external.  The  grooved  ptirtion  of  the  articular 
surface  fits  accurately  within  the  greater  sigmoid 
cavity  of  the  ulna:  it  is  broader  ami  dee[ier  on 
the  posterior  than  on  tlie  anterior  uspert  of  the 
bone,  and  is  inclined  obli^picly  fmm  behind  for- 
ward and  from  without  inward.  Above  the  front 
part  of  the  trochlear  surface  is  seen  a  smaller 
depression,  the  eoromndft^nHti,  which  receives  the 
coronoid  process  of  the  ulna  during  flexion  r«f  tiie 
forearm.  Above  the  back  part  of  the  troeldear 
siirfiice  is  a  deep,  triangular  depression,  the  olee- 
ration  fm%a^  in  which  is  received  the  summit  of 
the  olecranon  process  in  extension  of  the  forearm. 
These  fossse  are  separated  from  one  another  by  a 
thin,  transparent  lamina  of  bone,  which  is  some- 
liniea  perforated,  forniing  the  i^a prat roMear  for- 
anitH  ;  their  upper  margins  afl'ord  attachment  to 
the  anterior  and  posterior  ligaments  of  the  elbow- 
joint,  and  they  are  lined,  in  the  recent  state,  by 
the  synovial  metnlirune  of  this  articulation.  The 
articular  surfaces,  in  the  recent  state,  are  covered 
with  a  thin  layer  of  cartilage.  The  external  con- 
dyle is  a  small,  tubercular  euiinetice,  less  jiromi- 
Dent  than  the  internal,  curved  a  little  forward, 
and  giving  attachment  to  the  external  lateral  lig- 
ament of  the  elbow-joint,  and  to  a  tendon  common 
to  the  origin  of  some  of  the  extensor  and  supi- 
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Fio.  li)6.— Lea  humerus.    Posterior  saff^ce. 
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nator  muscles.  The  internal  condyle,  larger  and  more  prominent  than  the  exter- 
nal is  direelcd  a  liule  backward:  it  gives  Httachnient  to  the  internal  lateral  liga- 
ment, to  the  Pronator  radii  teres,  and  to  & 
tendon  common  to  the  origin  of  some  of  the 
flexor  miiBcles  of  the  forearm.  The  nlnar 
nerve  runs  in  a  groove  at  the  baek  of  the 
internal  contlyle,  or  between  it  and  the 
olecranon  jn'ocess.  These  eminences  are 
directly  continuous  above  with  the  external 
and  internal  borders — /,  c.  the  external  and 
internal  condyloid  ridges.  The  great 
prominenee  of  the  inner  one  renders  it 
more  liable  to  fracture. 

Stmcture. — The  extremities  consist  of 
ranccllous  tisstie,  covered  with  a  thin,  com- 
pact layer ;  the  shaft  is  composed  of  a 
cylin<ter  of  compact  tissue,  thicker  at  the 
centre  than  at  the  extremities,  and  hollowed 
out  by  a  large  raednllai^y  eanab  which  ex- 
tends along  its  whole  length. 

Development.^By  ^(^ww,  or  occasionally 
dght,  centres  (Fig.  llKi),  one  for  the  shaft, 
one  for  the  head,  one  for  the  tuberosities^ 
one  for  the  radial  bead,  one  for  the  troch- 
lear portion  of  the  articular  surface,  and 
one  for  each  condyle.  The  nucleus  for  the 
shaft  appeat\"^  near  tlie  centre  of  the  bone 
in  the  eighth  week,  and  soon  extends  toward 
the  extremities.  At  birth  the  humerus  is 
ossified  nearly  in  its  whole  length,  the  ex- 
tremities i^emaining  cartihiginous.  At  the 
beginning  of  the  second  year  ossification 
commences  in  the  head  of  the  bone,  and  during  the  third  year  tht-  centre  for  the 
tuberosities  makes  its  ai(]>earance,  usually  by  a  single  ossific  point,  iiut  sotuetimes. 
according  to  Beclard,  by  one  for  each  tuberosity,  that  for  the  lesser  being  small 
and  not  appearing  until  the  fifth  year.  By  the  sixth  year  the  centres  for  the 
head  and  tyberosities  have  enlai*ged  and  become  joined,  so  as  to  form  a  single 
large  e]»i[»hysis. 

The  bnver  end  of  the  humerus  is  developed  in  the  following  manner:  At 
the  end  of  the  secoml  year  ossification  commences  in  the  rarlifd  portion  of  the 
articular  sjirface,  and  fnun  this  jioint  extends  inward*  so  as  to  form  the  chief  part 
of  the  articular  end  of  the  bone,  the  centre  for  the  inner  part  of  the  articular  surface 
not  appearing  until  about  the  age  of  twelve.  Ossification  commences  in  the  internal 
con«lyle  about  the  fiftli  year,  and  in  the  external  one  not  until  about  the  thirteenth 
or  fourteenth  year.  About  sixteen  or  seventeen  years  the  outer  condyle  and  both 
portions  of  the  articulating  surface  (having  already  joined)  unite  with  the  shaft; 
at  eighteen  years  ihe  inner  condyle  becomes  joined;  whilst,  the  up])er  epiphysia, 
sltboiigh  the  first  formed,  is  not  uniteil  tmtil  about  the  twentieth  year. 

Artictilations* — With  the  glenoid  cavity  of  the  scapula  and  with  the  olna  and 
radius. 

Attachment  of  Muscles. — To  twenty-four:  to  the  greater  tiiberoBity,  the 
Supraspinatus,  Infraspinatus,  and  Tere?<  minor:  to  the  lesser  tuberosity,  the 
Subscapuiaris;  to  the  external  bici|*ital  ridge,  the  Pectoralis  major  ;  to  the  internal 
hici|>ital  ridge,  the  Teres  major;  to  the  bicipital  gi^oove,  the  Latissimus  dorsi ;  to 
the  shaft,  the  Deltoid,  Coraco-hrachialis,  Brachialis  anticus,  external  and  internal 
heads  id'  the  Triceps ;  to  the  ititernal  condyle,  the  Pronator  radii  teres,  and  common 
tendon  of  the  Flexor  carpi  radialis,  Falmaris  longua,  Flexor  sublimis  digitorum. 
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Fig.  19©.— Plan   of  the  dcvoli>pi(iitMU  of  tlie 
humerus.    By  neven  centres. 
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aod  Flexor  carpi  mlnaris ;  to  the  external  condyloid  ridge,  the  Supinator  longus 
and  Extensor  carpi  radialis  longior;  to  the  external  condyle,  the  common  tendon 
of  the  Extensor  carpi  radialis  brevior,  Extensor  communis  digitorum.  Extensor 
minimi  digiti,  Extensor  carpi  ulnaris,  and  Supinator  brevis;  to  the  back  of  the 
external  condyle,  the  Anconeus. 

Surface  Form.^ — ^The  humerus  is  almost  entirely  clothed  hy  the  muscles  which  surround  it, 
iod  the  only   parts  of  thi.s  bone  which  are  ittrit'tly  siil^icutaiieous  are  small  portions  of  the 
internal  and  external  condyles.     In  addition  to  these,  the  tuijerosities  and  a  part  of  the  head 
of  the  bune  can  be  felt  under  the  skin  and  muscles  by  which  they  are  CMvereo,     Of  the^e  the 
freater  tubenifiity  forms  the  most  prominent  bony  jwint  of  the  shoidtJer,  extending  l»ev(md  the 
iCTOttiion  prvx!e.ss  and  covered  by  the  Deltoid  muscle.     It  inHiiences  iiiatertally  the  surface  form 
of  the  shoulder.     It  is  hest  fc!t  while  the  arm  is  lyin^  loosely  by  the  side  ;  if  tfie  ani»  be  mised, 
it  a*ce<ies  fpjm  under  the  fin-zer     The  lesser  tuberosity,  directed  lurwanl  and  inward,  is  to  be 
felt  to  the  inner  sside  of  the  irreater  tuben^sity,  just  below  the  aeromio-davicular  joint,    Between 
(he  two  lnf>erosit.tes  lies  the  bicipital  tnnoove.     This  can   lie  defined  by  plaein^L^  the  finger  and 
making  firm  prt*ssure  just  intermi!  to  the  ^Tcater  tuberosity  ;  then,  by  rotating  the  humerus,  the 
groove  will  be  felt  to  pass  under  die  fini^er  iis  the  btme  is  r«>tated.     With  the  ami  abducted  from 
the  side,  by  pressing  deeply  in  the  axtlla  the  hwer  i>art  of  the  head  of  the  fxnie  is  tn  fw  telL 
Oti  each  side  of  the  elliow-joint,  and  juj^t  :d3<ive  it.  the  iiiterniil  and  external  condif"les  of  the 
hi>oc  are  to  \m  felt.     Of  these  the  internal  Is  the  more  prominent,  but  the  ridge  passing  u|)ward 
lTr»tii  it.  the  internal  condvh>id  ridge,  is  much  less  marlted  than  the  external,  and,  iis  a  nile,  is 
not  to  be  felt.     Oi?cajsionally,  however,  we  find  along  this  fxirder  the  book -shaped  process  men- 
tioned aWve.     The  external  condyle  is  most  plainly  to  be  seen  during  seniiHexiun  uf*  the  fore- 
amit  and  its  poaitton  is  indicated  by  a  depression   between  the  attachment  of  the  adjacent 
muscles.     From  it  is  to  be  felt  a  strong  bony  ridge  running  up  the  outer  border  of  the  shaft  of 
the  bone.     This  is  the  external  condyloid  ridi^^e ;   it  is  concave  forwartb  and  corresponds  with 
the  curved  direi^tion  of  the  lower  extremity  id'  the  humerus. 

Surgical  Anatomy. — There  are  sevend  ooints  of  surgical  inten^st  connected  with  the 
humenis.  First,  as  n^ards  its  tlevelopmcnt.  The  ujjper  cmb  though  the  first  to  oasify,  is  the 
last  U)  ^ioin  the  shaft,  and  tlie  length  of  the  bme  is  mainly  due  to  growth  from  this  upper 
epijjhysis.  Hence,  in  cases  of  anipntation  of  ll^e  arm  in  young  subjeets  the  humerus  continues 
to  CTOW  i'*>nsidenibly;  and  the  end  of  the  bone  which  immediately  afler  the  operation  was  cov- 
ered with  a  thick  ciL*?hion  of  soft  t issuer  begins  to  projt:vt,  diinning  ilje  soft  parts  ami  Hindering 
the  stump  c<inieal.  This  ma\^  necessitate  the  removid  of  a  couple  of  inches  or  so  of  the  bone^ 
Kid  even  after  this  operation  a  recurrence  iA'  the  conical  stump  iiniy  t^ike  place. 

There  are  several  points  of  surLOi^jd  interest  in  connection  with  fractures.  First,  as  regard 
tieir  causiition  :  the  bono  may  be  bmken  by  direct  or  indirect  violence  like  the  other  long  bt»nes^ 
bat,  in  nddition  to  this,  it  is  prolmljly  more  fre<tuently  fractured  by  museular  aetion  than  any 
other  of  this  class  of  Ixjtie  in  the  l>ody.  It  is  usually  the  shaft,  just  below  tlie  insi/rtion  of  the 
Deltoid,  which  is  thus  broken.  I  have  seen  the  accident  bapjien  frimi  tbrnwing  a  stone,  and  in 
an  appai?ently  healthy  a<lult  frotn  cutting  a  piece  of  hard  *'cake  tohacro  "  on  a  table.  In  this 
IftUer  ease  there  was  no  disi^ase  of  the  bone  that  could  be  disi'overed.  Fractures  of  the  upper 
end  may  take  place  tlirougii  the  analoiuicid  neck*  tbroiigh  the  surgicnl  neck,  or  sej>aration  of  the 
jEreater  tuberosity  may  oi^-ur.  Fractuiv  of  tlie  anatomical  neck  is  a  very  rare  act*ident ;  in  faet^ 
It  is  doubted  by  s(nne  whether  it  ever  occurs.  These  fractures  are  usually  considered  to  be 
intra<u\i>sular,  but  they  are  probidily  partly  wilbin  and  jmrtly  witliout  the  capsule,  as  tlie  lower 
part  of  the  capsule  ts  inserted  s<>me  little  distance  below  the  anatnmicid  neck,  while  the  ui>t>er 
pmrt  Ls  attached  to  it  They  inuy  lye  impaeied  or  non-impartcfl  In  most  cases  there  is  bttlc  or 
no  displacement  on  account  of  the  capsule,  in  whole  or  in  part,  remaining  attached  to  the  lower 
ftafment.  But  otvasionally  a  very  remarkable  aktTalion  in  iwjsition  takes  plat?e;  the  upi)er 
feurment  turns  on  its  own  lixis,  so  that  tfie  cartilaginous  surface  <d  the  head  rests  against  the 
up|)er  en«l  of  the  lower  frugment.  When  the  IhicturtNi  end  is  cntinly  separated  from  all  its 
[jmmiutidings,  its  vascular  supply  must  Ih?  eiitirrdy  cut  off,  and  one  would  expect  it,  rbenretically, 
But  tbismtisr  Ih*  exceediuirly  mre.  for  liurlt  was  unable  tt>  find  a  single  authcnti- 

^       ^     *  ret*onled.     Seiiaralioii  of  the  upper  epiphysis  of  the  liunierus  Houietimes  oceurs  in  the 

jCMmg"  snlnect,  and  in  marked  hy  a  eharatrt eristic  delbrmity  by  wbicli  the  lesion  may  be  at  once 
reoo^niseoL  This  consist.s  in  the  |jresence  «if  an  aliruhi  j»micetion  at  the  front  of  the  joint  sc^me 
«hoTt  distance  tielow  the  eonieoid  prm^ess,  caused  by  the  up[>er  end  fif  the  lower  thigtiicnt.  In 
fnwtiirei?  of  the  shaf^  of  the  humerus  the  lc!«ion  may  take  place  at  ufiy  point,  but  ap[>eai^  to  be 
more  cfimuion  in  the  lower  than  in  the  upper  ]>art  of  the  Ixme.  The  ]jiants  of  interest  in  eou- 
neetion  with  these  fhictiircs  art^^i  1 1  that  the  ruiisi'uti>-spir:il  ner^T  may  be  injured  as  it  lies  in  the 
4mw>ve  on  the  bme,  or  may  here  mi  e  involved  in  (be  eallus  which  is  snbseejuently  thrown  out; 
,  and  t2)  the  frequency  of  nonunion.  This  is  bebcvcd  to  Ih^  marc  eonunon  In  the  humerus  than 
I  Any  i>t  her  bone,  and  various  caus<.*s  have  l>een  assitnied  fV»r  it.  It  wtudd  seem  most  jirohably 
>c due  to  the  difltciilty  that  there  is  in  fixing  the  sbmddcr-joint  and  the  upper  fragment,  and 
iSbly  also  the  elbow-joint  and  lower  thiL'^ineiit  also.  Other  causes  wfiich  nave  been  sissigned 
the  non-union  are:  (!)  that  in  Htrcniptiny:  f>assivc  motion  of  the  elbow-joitit  to  oven^nne 
any  rigidity  which  may  exist,  the  nrnvement  ibjes  not  take  place  at  the  articulation,  but  at  the 
aeat  of  frabture ;  or  that  the  patient,  in  conso<tuence  of  the  rigidity  of  the  elbow,  in  attempting 
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to  flex  or  extend  (lie  foroFirni  moves  the  fcijL'rnent  .inil  nut  the  joint,  12)  The  yireseni^e  uf  smuU 
portioni!  of  musi'iilar  tihi>ue  Ijetweeii  the  bmkcn  tmis.  (3}  Want  of  minpurt  to  the  elVnjw,  so 
that  the  wei^^ht  tjf  the  arm  teruls  to  drae  the  luwer  frairment  away  frtiin  ilie  ni»f>er.  An  impuit- 
ant  distmetifiri  to  make  in  fractures  of  the  l(KVer  end  of  the  humerus  is  t>etween  thoi?^*  thai 
involve  the  joint  and  those  which  do  not ;  the  former  alwiivs  t^erious,  its  they  niay  lead  to 
impatrmeni  uf  the  ntihty  of  the  limb.  Thuy  inehidc  the  T-shiiped  fnictnre  and  oblique  fruc- 
tures  whieh  involve  the  articular  surface-  Tlie  Ihietiires  whiidi  di«  not  involve  the  joint  are  the 
transverse  iib<:)ve  the  condyles  and  detaehuient  i*f  tine  or  ot  lier  eun<iyle. 

Under  the  head  of  separation  of  tlie  epiphysis  two  sejiarate  injuries  have  been  described. 
One  whore  the  whole  of  the  tour  ossifie  rent  res  which  Ifimi  the  lower  extremity  (*f  the  bi»ne  are 
separated  from  the  shaft;  iind  secondly,  wlicre  the  artienlar  i>orti<vn  is  alone  separated,  the  two 
condyles  remaining  atUieheil  t4>  the  shaft  id'  the  bone.  The  ei>iphysifd  iine  l>etween  the  shaft 
and  lower  end  rnns  across  tlie  bone  \\.mi  above  the  lips  of  the  condyles,  a  point  to  be  home  in 
mind  in  pertbrniint,^  the  operation  of  excision. 

Tumors  ori>i;inatinjt;  from  the  liiimerus  are  of  ireqiient  occurrence.  A  not  unt^iiumon  |)lace 
for  a  chondroma  to  grow  from  is  the  shafl  of  the  bone  somewhere;  in  the  neigh bijrhof^d  of  the 
insertion  of  the  deltoid.     Sarcomata  fre<|ucntly  grow  from  this  bone. 

THE  FOREAEM. 

The  Forearm  is  that  portion  of  the  u|iper  extri^mity  which  is  situated  between 
the  elbow  aud  the  wrist.     It  is  composed  of  two  bones,  the  ulna  and  mdius. 

The  Ulna. 

The  nina  (Figa,  200,  201),  so  called  from  its  formintr  the  elbow  (loXiyr^).  is  a 
lonf^  bone,  prismatic  in  form,  pbieed  at  the  inner  side  of  the  forearm,  (»arallel  with 
the  radius.  It  is  the  larger  and  loii<;er  of  the  two  bones.  Its  upper  extremity,  of 
great  thickness  and  strength,  forms  a  large  part  of  the  articulation  of  the  elbow- 
joint  ;  it  diminishes  in  size  from  above  downward,  its  lower  extremity  being  very 
small,  and  excluded  from  the  wrist-joint  by  the  interposition  of  an  interartiealar 
fihro-carrilage.      It  is  divisible  into  a  shaft  and  two  extremities. 

The  Upper  Extremity,  the  strongest  }mrt  of  the  hone,  pi^esents  for  examination 
tw^o  large,  curved  processes,  the  Olecranon  process  and  the  Coronoid  ]irocess ;  and 
two  concave,  artienlar  cavities,  the  greater  and  lesser  sigmoid  cavities. 

The  Olecranon  Process  {thkivf]^  elbow ;  xfmuiou,  head)  is  a  large,  thick,  curved 
eminence  situated  at  the  upper  and  back  part  of  the  idna.  It  is  curved  forward 
at  the  summit  so  as  to  present  a  [H'oininont  tip,  its  base  being  contracted  where 
it  joins  the  shaft.  This  is  the  narrowest  part  of  the  upper  end  of  tbe  ulna, 
and,  con.sequently.  the  most  usual  seat  {>f  fracture.  Tbe  posterior  surface  of  the 
olecranon^  directed  backward,  is  triangular,  smooth,  subeutaneous,  and  covered 
by  a  bursa.  Its  upper  surface,  directed  upward,  is  of  a  (|nadrilateral  form,  marked 
behind  by  a  rough  im[iression  for  the  attachment  of  the  Tricejis  muscle;  and  in 
front,  near  the  margin,  by  a  yliglit  transverse  groove  for  the  attachment  of  part  of 
the  posterior  ligament  of  the  elbow-joint.  Its  anterior  surface  is  smooth,  concave., 
covered  with  cartilage  in  the  recent  state,  and  forms  the  Uf>|)er  and  back  part  of 
the  great  sigmoid  cavity.  Tbe  lateral  borders  present  a  continuation  of  the  same 
groove  that  was  seen  on  the  margin  of  tbe  superior  surface ;  they  serve  for  the 
attachment  of  ligaments ;  viz.  the  back  |iart  of  the  internal  lateral  ligament 
internally,  the  posterior  ligament  externally.  To  the  inner  border  is  also  attached 
a  jmrt  of  the  Flexor  carpi  ulnaris,  while  to  the  outer  border  is  attached  the 
Anconeus. 

The  Coronoid  Pr(M;ess  {xofmvrj,  anything  booked  like  a  crow  s  beak)  is  a  rough, 
triangular  eminence  of  bone  which  projects  horizontally  forward  from  the  upper 
and  front  part  of  the  ulna,  forming  the  lower  part  of  die  great  sigmoid  cavity. 
Its  base  is  continuous  with  the  shaft,  and  of  considerable  strength ;  so  much  so 
that  fracture  of  it  is  an  accident  of  rare  occurrence.  Its  a]>cx  is  pointed,  slightly 
curved  upward,  and  received  into  the  coronoid  depression  of  the  humerus  ia 
flexion  of  the  forearm.  Its  upper  surface  is  smooth,  concave,  and  forms  tbe 
lower  part  of  the  greater  sigmoid  cavity.  The  under  suHaee  is  concave,  and 
marked  internally  by  a  rough  impression  for  ihe  insertion  id*  the  Brachialis  anticns. 
At  the  junction  of  this  surtace  with  the  shaft  is  a  rough  emiiicnce,  the  tubercle  of 


Sttfloid  proi'fn$. 
Fig.  3(».-'Bone«  of  the  left  forenrai.    Anterior  aurfiice. 
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the  ubiGj  for  the  attachment  of  the  oblique  ligiiment.  Its  outer  surface  presents  a 
narrow,  oWong,  articular  ilef>ression,  the  it'^sir  sujmotd cskvhy.  The  inner  surface, 
by  its  proDiinent,  free  margin,  i^erves  for  the  attachment  of  part  of  the  internal 
lateral  ligament.  At  the  front  |part  of  this  surface  is  a  small,  rounded  eminence 
for  the  attachment  rif  one  head  of  the  Flexor  .suhlimis  digitorum  ;  behind  tbe 
eminence,  a  depression  for  part  of  the  origin  of  the  Flexor  profundus  digitorum; 
and,  descending  from  the  eminence,  a  ridge  which  gives  atl-achment  to  one  head 
of  the  Pronator  radii  teres.  (.Tenerally,  the  Flexor  longiis  ymllicis  has  an  origin 
from  the  lower  part  of  the  coronoid  process  bj  a  rounded  bundle  of  muscular  fibres. 

The  Greater  Sigmoid  Cavity,  si»  called  from  its  resembhinee  to  the  old  shape  of 
the  Greek  letter  1\  is  a  semilunar  de[iression  of  large  size,  formed  by  tbe  olecranon 
and  coronoid  proeesses,  and  serving  for  articulation  with  the  trochlear  surface  of 
the  humerus.  About  the  middle  of  either  lateral  border  of  this  cavity  is  a  notch 
which  c«*ntracts  it  somewhat,  and  serves  to  indicate  the  junction  of  the  two 
processes  of  which  it  is  formed.  The  cavity  i^s  c<*ncave  fi'om  above  downward, 
and  divided  into  two  lateral  [larts  by  a  smooth,  elevated  ridge  wbich  runs  from  the 
Bummit  of  the  olecranon  to  the  tip  of  the  coronoid  process.  Of  these  two  portions, 
the  internal  is  the  larger,  and  is  slightly  concave  transversely;  the  external  por- 
tion is  convex  above,  slightly  concave  below.  The  articular  surface,  in  the  recent 
state,  is  covered  with  a  thin  layer  of  cartilage. 

The  Lesser  Sigmoid  Cavity  is  a  narrow,  oblong,  articular  depre88ion,  placed  on 
the  outer  side  of  the  coronoid  proccsis,  and  serving  for  articulation  with  tbe  head 
of  the  radius.  It  is  concave  from  before  backward,  and  its  extremities,  wLich 
are  prominent,  serve  for  the  attachment  of  the  orbicular  ligament.  In  the  recent 
state  it  is  covered  with  a  thin  layer  of  cartilage. 

The  Shaft,  at  its  upper  part,  is  prismatic  in  form,  and  curved  from  behind 
forward  and  from  without  inward,  so  as  to  be  convex  behin<l  and  externally;  its 
central  [lart  is  quite  straight;  its  lower  part  rounded,  smooth,  and  bent  a  little 
outward  ;  it  tapers  gradually  from  above  downward,  and  presents  for  examination 
three  borders  and  three  surfaces. 

The  anterior  border  commences  above  at  the  prominent  inner  angle  of  the  coro- 
noid process,  and  ternrinates  below  in  front  of  the  styloid  process.  It  is  well  marked 
above,  smooth  and  rounded  in  the  mi^hlle  of  its  extent,  and  affords  attacbment  to 
the  Flexor  jirofundus  digitorum :  its  lower  fourth,  marked  off  from  tbe  rest  of  the 
border  by  the  commencement  of  an  obli<jue  ridge  on  the  anterior  surface,  serves 
for  the  attachment  of  the  Pronator  quadratus.  It  sejtarates  the  anterior  from  the 
internal  surface. 

The  posterior  border  commences  ab<*ve  at  the  apex  of  tbe  triangular  subcuta- 
neous surfice  at  the  back  |fart  of  the  olecranon,  and  terminates  below  at  the  back 
part  of  the  styloid  process;  it  is  well  maikcd  in  the  upper  three- fourths,  and 
gives  attachment  to  an  aponeurosis  common  to  the  Flexor  carpi  ulnaris,  the 
Extensor  carpi  ulnaris,  and  the  Flexor  profundus  digitorum  muscles;  its  lower 
fourth  is  smooth  and  rounded.  This  border  separates  the  internal  from  the 
posterior  surface. 

The  external  or  interosseous  border  commences  above  by  two  lines,  whicli  con- 
verge on*^  from  each  extremity  of  the  lesser  sigmriid  cavity,  enchasing  between  tbem 
a  triangular  si>ace  for  the  attachment  of  part  (»f  the  Supinator  brevis,  and  terminates 
below  at  the  middlL?  of  the  head  of  the  ulna.  Its  two  middle  fourths  are  very  pro- 
minent, its  lower  fourth  is  smooth  and  rounded*  This  border  gives  attachment  to 
the  interosseous  membrane,  except  along  its  ujiper  fourth,  and  separates  the  anterior 
from  tlie  posterior  surtace. 

The  anterior  surface,  much  broader  above  tlian  below,  is  concave  in  the  upper 
three-fourths  of  its  extent,  and  afibr<3s  attachuicnt  to  tlie  Flexor  profundus  digi* 
torum ;  its  low^er  fourth,  also  concave,  to  the  IVonator  quadratus.  The  lower 
fourth  is  separated  from  the  remaining  portion  of  the  bone  by  a  prominent  ridge, 
directed  obliquely  from  above  downward  and  inward;  this  ridge  (the  ohliqur  or 
Pronator  ridfff)  marks  the  extent  rd' attachment  of  the  Pnmator  quadratus  above* 
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At  rhe  junction  of  the  upper  witL  the  mi<l(lle  third  of  ihe  bone  is  the  nutrient 
ciinMl  directed  oblii|uely   upward  and  inward. 

The  posterior  surface,  direetetl  backwurd  and  outward,  is  broad  and  concave 
above,  souiewliat  narrower  and  convex  in  the  middle  of  its  course,  narrow,  smooth, 
and  rounded  bebiw.  It  presents,  above,  an  obliijue  ricige,  whieh  runs  from  the 
posterior  extremity  of  the  lesser  sigmoid  cavity,  downward  to  the  posterior  border  ; 
the  triangular  surface  above  this  ridge  receives  the  insertion  of  the  Anconeus j 
muscle,  whilst  the  ridge  itself  aft'ords  attaehuient  to  the  Supinator  b  re  vis.  The 
surface  of  bone  below  ibis  is  subdivi<led  by  a  luugitudinal  ridge,  sometimes  called 
the  pi'TpendtcuIar  Uni\  int<i  two  parts;  the  internal  part  is  suiootb,  concave,  and 
gives  origin  to  (occasionally  is  merely  covered  by)  the  Extensor  carpi  idnarjs :  the 
external  portion,  wider  and  rougher,  gives  attachtnent  from  al»ove  downward  to 
part  of  the  Supinator  b  rev  is,  the  Extensor  ossis  metacarpi  jH>llieis,  the  Extensor 
longiis  pollicis.   and  the  Extensor  indicis  muscles, 

Tiie  internal  surface  is  broad  an<l  concave  above,  narrow  and  convex  below* 
It  gives  attacbmetit  by  its  upi>er  three-fourths  to  the  Flexor  profundus  digitonim 
muscle  :  its  b>wer  fourth  is  subcutaneous. 

The  Lower  Extremity  of  the  ulna  is  of  small  size,  and  excluded  from  the  artic- 
ulation of  the  wrist- joint.  It  prei^ents  for  examination  two  eminences,  the  outer 
and  larger  of  which  is  a  rounded^  articular  eminence,  termed  ihe  Ac/i^/  of  the  ulna, 
the  inner,  narrower  and  more  projecting,  is  a  n<*n-artieubir  euitnence,  the  tfft/hiil 
proveHii,  The  hefid  presents  an  arriciilar  facet,  part  of  which,  of  an  f>val  form,  is 
directed  downward,  and  articuhites  with  the  upper  surface  of  the  interarticnlar 
fibro-cartilage  which  separates  it  from  the  wrist-joint ;  the  remaining  portion, 
directed  outward,  is  narrow,  convex,  and  received  into  the  signnud  cavity  of  the 
raditis.  The  ^////(//W  prfirem  iirojects  from  the  inner  and  back  part  of  the  bone,  and 
descends  a  little  bnver  than  the  head,  terminating  in  a  rounded  summit,  which 
aflTords  attachment  to  the  internal  lateral  liganjent  of  the  wrist.  The  head  is 
separated  from   the  styloid   process,  by  a  depression   for   the  attachment  of  the 

triangular  interarticnlar  fibro-cartihige ;  and  behind, 
hy  a  shallow  groove  f<ir  the  passage  of  the  tcndfm  of 
the  Extensor  carpi  ulmiris. 

Structure. — ^Sinular  to  tijat  of  the  other  long  bunes. 
Development.— By  f/t/vc  centres  ;  one  for  the  shaft,  ^ 
one  for  the  inferior  extremity,  and  one  for  the  olec- 
ranon (Fig.  20-),  Ossification  commences  near  the 
middle  of  the  shaft  about  the  eighth  week,  and  soon 
extends  through  the  greater  part  of  the  bone.  At 
birtb  the  ends  are  cartilaginous.  About  the  f«»urtb 
vear  a  separate  osseous  nucleus  ajipears  in  the  middle 
of  the  head,  which  soon  extends  into  the  styloid  pn> 
cess.  Abont  the  tenth  year  ossific  matter  appears  in 
the  olecranon  near  its  extremity,  the  chief  pun  of 
this  process  being  formed  from  an  extension  of  the 
shaft  of  the  bone  into  it.  At  about  the  sixteenth 
year  the  u]>per  epijihysis  becomes  joined,  and  at 
about  the  twentieth   year  the  lower  one. 

Articulations.— With  the  humerus  and  radius. 
Attachment  of  Muscles. — To  sixteen:  to  the 
olecranon,  the  Triceps,  AncfUieus,  and  one  head  of 
the  Flexor  carpi  ulnaris.  To  the  eoronoid  process, 
the 'Brachialis  amicus.  Pronator  radii  teres.  Flexor 
sublimis  digitonnu,  and  Flexor  profundus  digitorum; 
genei^ally  also  the  Flexor  longiis  pollicis.  To  the 
shaft,  the 'Flexor  pri>fundus  digitorum,  Pronator  quad* 
ratus,  Flexor  carpi  ulnaris,  Extensor  carpi  ulnaris,  Anconeus,' Supinator  brevis. 
Extensor  ossis  metacarpi  pollicis,  Extensor  iongus  pollicis,  and  Extensor  indicis. 
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RADIUS. 

Surfi&ce  Form,— The  most  prominent  part  of  the  ulna  on  the  surface  of  the  Ixnly  i&  the 
olcv'r.irn»n  jjrocesSr  which  am  always;  be  tt^k  at  the  back  of  the  elbow-joint.  When  the  fotx'- 
arni  is  flexed  the  uppor  trianirular  surfiit-e  can  be  feh,  directed  backward;  diinnj;  extension  it 
nxxjilt'S  into  the  olfcraiHin  f(>ivHxi,  and  the  wmtnietinL'  filirein  of  the  irirep.s  prevent  its  being 
pei\*eived.  At  the  back  of  the  olecranon  is  the  .smooth,  trianirulEir.  subcutaneous  surface, 
whi<*li  below  is  continuous  with  the  po^^terior  Ixirdcr  K^f  t!ie  nhaft  of  the  bone;  this  is  to 
be  felt  in  every  position  of  the  joint.  Oiiring  extension  the  upper  border  of  the  olecranon  is 
slightly  above  the  level  of  the  internal  coufiylc,  and  the  process  uself  is  nearer  to  thit*  condyle 
than  the  outer  one.  RunniiiL'^  down  the  baL-k  of  the  torearm,  I'roni  the  apex  of  the  trianirular 
iifurftR'e  which  forms  the  (}osttri*>r  surface  \3^  the  olccnifioti.  is  a  ju'oinincut  ridv'e  of  lx)ne,  tlie 
nosterior  b^jrder  of  the  ulna.  This  is  to  be  felt  throatihoul  the  entire  length  <d"the  shaft  of  the 
Done>  from  the  olecranon  aUjve  to  the  styloid  pr«x*ess  below,  As  it  passtiS  down  the  forearm  it 
pursues  a  sinuous  course  and  inclines  to  the  inner  side,  eo  that^  tliough  it  is  situated  in  the 
middle  of  the  back  of  tlie  limb  above,  it  is  on  the  inner  side  of  the  wrist  at  its  termination*  It 
bwoflieB  rounded  i»ff  in  its  lower  third,  and  may  1h*  traced  Ix'low  to  tlie  small-  sulx*utaneous  sur- 
mtiM  the  styloid  pnxvss.  Internal  to  this  border  the  bnver  tourth  of  the  internal  surface  is  to 
bemt  The  styloid  T>riM'css  is  to  be  felt  as  a  |iromincnt  tnfH'rele  of  bone,  eontiriu<His  alwjve 
with  the  p<»stenor  sulruraneoiLs  Wder  of  the  tilna,  and  lerniinatinp  below  in  a  blunt  apex, 
which  lies  a  httk  intenial  ami  behind,  but  on  a  level  with,  the  wrist-joint.  The  styloid  proi'es» 
is  be^t  fell  wlieri  the  Iiand  is  in  the  same  line  as  the  bones  of  the  forearm,  :uid  in  a  pi»sition 
midway  between  supination  and  ijronation,  If  the  toixarm  is  pronated  while  the  linger  is 
plaeed  on  the  process,  it  will  be  felt  to  recede,  and  another  jirt>minence  of  bone  will  apj»enr  just 
external  and  alKJve  it.  This  is  the  head  of  the  nina.  which  articulates  with  the  lower  end  of  the 
lius  and  tlie  triangular  interarticular  lihro-cartilage,  and  now  projects  between  the  tendons  of 

Extensor  carpi  ulnariis  and  the  Extensor  minimi  digiti  muscles. 

The  Radius. 

The  Radius  (radinii,  a  ray,  or  spoke  of  a  uheel)  is  situated  on  the  outer  side  uf 
the  forearm,  lying  side  by  side  with  the  ulna,  which  exceeds  it  in  len/^tb  and  i*ize. 
Its  upper  end  is  stiiall,  and  forms  only  a  stoall  part  of  the  elbow-joint ;  but  its 
lower  end  is  hirge,  and  forms  the  idiief  part  of  tlie  wrist-  It  is  one  of  the  long 
bones,  prismatic  in  form,  .-^li^htly  curved  loii|^itudinalIy,  and,  like  other  long  bones, 
has  a  shaft  and  two  extretnitie.s. 

The  Upper  Extremity  presents  a  head*  neck,  and  tuberosity.  The  head  is  of  a 
cylindrical  form*  depressed  on  its  npper  suHuce  into  a  shallow  cup  which  articulates 
with  the  capitellum  or  radial  head  of  tiie  humerus.  In  the  recent  state  it  is  covered 
with  a  layer  of  cartilage  which  is  thinnest  at  its  centre.  Around  tlie  circunifeix^nee 
of  the  head  is  a  smooth,  articular  surface,  broad  internally  where  it  artietdates  with 
the  lesser  sigmoid  cavity  of  the  tdna;  narrow  in  the  rest  of  its  circuinferenee,  where 
it  rotates  within  the  orbicular  ligament.  It  is  coated  with  cartilage  in  the  recent 
stat€^  The  head  is  supported  on  a  ronnci,  smooth,  and  constricted  portion  of  bone, 
called  the  na^k^  which  presents,  bidumL  a  slight  riflge,  for  the  attachment  of  part 
of  the  Supinator  brevis.  Beneath  the  lieck,  at  the  inner  nnd  fnmt  aspect  of  the 
bone,  is  a  rough  eioinence,  the  bicipiUif  ttdnroait^f/.  Its  surface  is  divi<Ied  into  two 
part*  by  a  vertical  line — ^a  posterior,  rough  portitm,  for  the  insertion  of  the  tendon 
of  the  Biceps  muscle ;  and  an  anterior,  smooth  portion,  on  which  a  bursa  is 
interposed  between  the  tendon  and  the  bone. 

The  Shaft  of  the  b<me  is  prismoid  in  form,  narrower  above  than  below,  and 
slightly  curved,  so  as  to  be  convex  outward.  It  presents  three  surfaces,  sepai^ated 
by  three  borders. 

The  anterior  border  extends  from  the  lower  part  of  the  tuberosity  above  to  the 
anterior  part  of  the  base  cd*  the  styloid  process  below.  It  separates  the  anterior 
from  the  external  surface.  Its  upper  third  is  very  prominent;  and  from  its 
oblj<pie  direction,  downwanl  and  outward,  has  received  the  name  tyf  the  ohUf^ue 
line  of  the  radius.  It  gives  attachment  externally  to  the  Supinator  brevis, 
internally  to  the  Flexor  longus  prdlicis,  and  between  these  to  the  Flexor  sublimis 
digitorum.  The  middle  third  of  ihe  anterior  border  is  indistinct  and  rounded*  Its 
lower  fourth  is  sharp,  prominent,  aifords  attachment  to  the  Pronator  fjuadratus,  and 
terminates  in  a  small  tubercle,  into  which  is  inserted  the  tendon  of  the  Supinator 
longua. 

The  posterior  border  commences  above  at   the  back   part  of  the  neck  of  the 
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radius,  and  terminates  below  at  the  posterior  part  of  the  base  of  the  styloid  process; 
it  separates  the  posterior  from  the  external  surface.  It  is  indistinct  above  and  below, 
but  well  marked  in  the  middle  third  of  the  biuie. 

The  internal  or  interosaeous  border  eommences  abme  at  the  haek  part  of  the 
tuberosity,  where  it  i^  rounded  and  indistinct,  becomes  sharp  and  prominent  as 
it  descends,  and  at  ita  lower  part  divides  into  two  ridges,  which  descend  to  the 
anterior  and  posterior  margins  of  the  sigmoid  cavity.  This  border  §e|>arates  the 
anterior  from  the  posterior  surface,  and  has  the  interosseous  membrane  attached 
to  it  throughout  the  greater  part  of  it5  extent. 

The  anterior  siirface  is  narrow  siud  concave  for  its  upper  three-fourths,  and 
gives  attachment  to  the  Flexor  h>ngus  pollicis  muscle ;  it  is  broad  and  flat  for  its 
lower  fourth,  and  gives  attachment  to  the  F*ronat(FF  quadratus.  A  prominent  ridge 
limits  the  attachment  of  the  Pronator  fjuadratus  below,  and  between  this  and  the 
inferior  border  is  a  triaugtdar  rough  surface  for  the  attachment  of  the  anterior 
ligament  of  the  wrist-joint.  At  the  jiaietiuu  of  the  upper  and  middle  third  of  this 
surface  is  the  nutrient  foramen,  which  is  directed  oblicjuely  upward. 

The  posterior  surface  is  roundefl,  convex,  and  smooth  in  the  upper  third  of  its 
extent,  and  covered  by  the  Supinator  brevis  muscle.  Its  middle  third  is  broad, 
slightly  concave,  and  gives  attachment  to  the  Extensor  ossis  metacarpi  pollicis 
above,  the  Extensor  brevis  pollicis  below.  Its  lower  third  is  broad,  convex,  and 
covered  by  the  tendons  f»f  the  muscles,  w^bich  subsequently  run  in  the  grooves  on 
the  lower  end  of  the  bone. 

The  external  surface  is  rounded  uud  convex  throughout  its  entire  extent.  Its 
upper  third  gives  attachment  to  the  Supinator  brevis  muscle.  About  its  centre  is 
seen  a  rough  ridge,  for  the  insertion  of  the  Pronator  radii  teres  muscle.  Its  lower 
part  is  narrow,  and  covered  by  the  tendons  of  the  Extensor  ossis  metacarpi  pollicis 
and  Extensor  brevis  pollicis  muscles. 

The  Lower  Extremity  of  tbe  radius  is  large,  of  quadrilateral  form,  and  jirovided 
with  two  articular  surfaces — one  at  the  extremity,  for  articuhilicui  with  the  carpus, 
and  one  at  the  inner  side  of  tbe  bone,  for  articulation  with  the  ulna.  The  carpal 
articular  surflice  is  of  triangidar  form,  concave,  smooth,  and  divided  hy  a  slight 
antcro-posterior  ridge  into  two  part^n.  Of  these,  the  external  is  large,  of  a  triangular 
form,  and  articulates  with  the  scaphoid  bone;  the  inner,  smaller  and  ipiadrilateral, 
articulates  with  the  seraihinar.  The  articular  surface  for  the  ulna  is  called  the 
»igmoid  eavittf  of  the  radius;  it  is  narrow,  concave,  smooth,  and  articulates  with 
the  bead  of  the  ulna.  The  circtimferenee  of  this  end  of  tbe  bone  presents  three 
surfaces — an  anterior,  external,  and  posterior.  Tbe  anterior  mtrface^  rough  and 
irregular,  affords  attachment  to  the  anterior  ligament  of  the  wrist-joint.  The 
external  surface  is  prohuiged  obliquely  downwanl  into  a  strong,  conical  projection, 
the  sti/hid  process,  which  gives  attachment  by  its  b?ise  to  the  tendon  of  the 
Suj>inator  longus,  and  by  its  apex  to  the  external  lateral  ligament  of  the  wrist* 
joint.  The  i)uter  surface  of  this  process  is  marked  by  a  flat  groove,  which  runs 
obliquely  downward  and  forward,  and  gives  passage  to  the  tendons  of  the  Extensor 
ossis  metacar[ii  |>ollieis  and  the  Extensor  brevis  pollicis.  The  posterior  mtrface  is 
convex,  affords  attachment  to  the  posterior  ligament  of  the  wrist,  and  is  marked  by 
three  grooves.  Proceeding  from  witbout  inward,  the  first  groove  is  broad  but 
shallow,  and  sujxlivided  into  two  by  a  slightly  elevated  ridge :  the  outer  of  these 
two  transmits  the  tendon  of  the  Extensor  carpi  radial  is  longior,  the  inner  tbe 
tendon  of  the  Extensor  carpi  radialis  brevion  The  second,  which  is  near  the 
centre  of  the  bone,  is  a  deep  but  narrow  groove,  bounded  on  its  outer  side  by  a 
sbaridy-defined  ridge:  it  is  directed  oblitjuely  from  above,  downward  and  outward, 
and  transmits  the  tendon  of  tbe  Extensor  longus  pollicis.  The  third,  lying  mosti 
internally,  is  a  broa<l  groove,  for  the  passage  of  the  temlons  of  the  Extensor  indicia] 
and  Extensor  communis  digitorum. 

Structure. — Similar  to  that  of  the  other  long  bones. 

Development  (Fig.  20*3). — By  thrrt'  centres:  one  for  the  shaft  and  one  for  each 
extremity.     That  fur  the  shaft  makes  its  appearance  near  the  centre  of  the  bone 
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_  after  the  development  of  the  hunaerus  eonnQenceB.  At  birth  the  shaft  is 
oanfied,  but  the  end»  of  the  bono  are  cartilaginous.  About  the  end  of  the  second 
year  ossification  commences  in  the  h>wer  epiph- 
,jrsis*  and  about  the  fifth  year  in  the  upper  one. 
Attheageofseventeenoreighteentheupperepiph- 
jsis  becomes  joined  to  tlie  shaft,  the  hmer  epiph- 
ysis becoming  united  about  the  twentieth  year. 

Articulation*— With  four  bones:  the  humerus, 
ulna,  scaphoid,  and  semilunar. 

Attachment  of  Muscles, — ^To  nine :  to  the 
tuberosity,  the  Bicejis  ;  to  the  oblii^ue  ridge, 
the  Supinator  brevis.  Flexor  sublimis  digiiorum, 
and  Flexor  longus  poUicis;  to  the  shaft  (its 
anterior  surface),  the  Flexor  longus  pollicis  and 
PronatAjr  quadratus;  (its  posterior  surface),  the 
Extensor  ossia  metacarpi  pollicis  and  Extensor 
brevis  pollicis;  (its  outer  surface),  the  Pronator 
radii  teres;  and  to  the  styloid  process,  the 
Supinator  longus. 

Surface  Form.— •J pt  below  nntl  a  little  in  front  of 
the  iiostenor  surface  ot"  the  external  condyle  a  part,  of 
the  nead  of  tlie  ruilius  may  be  felt,  covered  by  the  orbic- 
ular and  external  lateml  ligaments.  There  is  in  this  situ- 
ation a  Htllc  dimple  in  the  skin,  whieh  Is  mmi  vimble 
when  the  arm  it*  extended,  an<t  which  marks  tl^e  posi- 
tion  of  the  head  uf  the  bone.  If  the  linger  in  pljiced  on 
ibis  dimple  and  the  forearm  pronated  and  supinated, 
the  head  of  the  bone  will  be  dlstinctiy  pert^eived  rotating 
lb  the  lesser  iji^moid  cavity.  The  upper  half  i>f  the 
shaft  uf  the  radius  cannot  lie  felt,  jts  it  is  surrnunded  by 
the  fleshy  l^ellies  of  the  niusk^les  arisinir  from  the  external  condyle.  Tlie  lower  half  of  the  shafi 
can  be  readily  exaniinHh  thouirh  covered  by  tt  ndtms  and  nuiscles  and  not  strictly  sulwut^meous. 
If  traced  downward,  the  shatl  will  be  felt  to  lenniuate  in  a  losienge-sh aped,  convex  surface  on 
tJia  outer  side  of  the  biLH^*  of  the  styloid  process.  This  is  the  only  subeutajieous  part  of  the  bone, 
and  fruiu  its  lower  extremity  the  ajK^x  of  the  styloid  process  will  he  felt  bending  inward  toward 
the  wrist.  About  the  miiidle  of  the  posterior  aspt^'t  of  tht-  low<  r  extremity  of  the  bone  \s  a 
well-tnarked  ridge,  best  perceived  when  the  haml  h  slii^htly  flexed  un  the  wrii*t.  It  bounds  the 
oblique  ^x>ye  on  the  p<7isterior  surfaee  of  the  Inme,  throuifh  which  the  tendon  of  the  Extenmjr 
luugiLS  p«-dlifi8  rims,  and  serves  to  keep  that  tendon  in  its  jdaee. 

Surgical  Anatomy,— The  two  bones  of  the  forearn*  are  more  often  broken  together  than  is 
either  the  radiiLs  or  ulna  separately.  It  is  therefore  convenient  to  consider  the  fractures  of  these 
two  Iwties  toy:elliCT  in  the  firet  instAnc4^»,  and  snhserincntly  to  mention  the  principal  fnietures 
which  take  place  in  vM-h  hone  individtially.  These  tmetures  may  he  pro<liH'ed  hy  either  direct 
or  iridinx-t  vjoleni'e,  though  more  eommonly  by  direct  violence.  When  indirect  force  is  applied 
to  the  forearm  tiie  radius  genendly  alone  gives  way,  though  both  bones  may  i^nffcr.  The 
fracture  from  indirect  f<>rce  eenemlly  takefi  place  somewhere  about  the  middle  of  the  bones : 
fracture  fruui  direct  violence  may  oc<Mir  at  any  part,  ni<>re  often,  however,  in  the  lower  half  ot 
the  bone.  The  fnieture  is  usually  tniTisver^'t  but  ma>  be  more  or  le.ScT  oblique.  A  point  of 
interest  in  connectiou  with  thesis  fraetnre^  is  the  tendency  that  there  is  fir  the  twoUaic^to  nntte 
accuas  the  interi^ssetius  memlimne;  the  limb  shunld  tliertdbre  be  put  up  in  a  jwNition  midway 
between  supination  and  pronation,  which  ia  not  only  the  m*tst  eomfortHble  position,  hut  also  !*ep- 

_mmUsB  tlie  oone.^  most  widely  from  each  other,  and  tlierefbre  diminishes  the  risk  of  the  lK.»nes 
oming  unite*!  across  the  interusseoua  membrane.    The  splints,  anterior  and  posterior,  wliirh  are 

^_plied  in  the^?  eiLses  shonM  W  rather  wider  than  the  limb,  so  as  to  prevent  any  lateral  pressure 
on  the  lK>ues.  For  in  these  cases  thtne  is  a  irreater  liability  to  ^^an^Tene  from  the  pressure  of  the 
sphntg  than  in  other  parts  of  the  body.  This  is  no  doubt  due  principally  to  two  causes:  (1) 
the  flexi«>n  of  the  fbn^ami  impressing  to  a  certain  extent  the  brachial  artery  and  retarding  the 
flow  of  blood  to  the  limb;  and  i  li)  the  sirperlieial  |>osition  of  the  two  main  arteries  of  the  forearm 
in  a  part  of  their  course,  and  their  liability  to  he  lomnn'ssed  by  the  splints.  The  si>ecial 
fraeturea  of  the  ulna  are — (I)  Fracture  of  the  olecranon.  This  may  he  caused  by  direct  violence, 
falls  on  the  ellniw  with  the  ibrearm  fli^xed,  or  by  nmsf/ular  action  by  the  sudden  eon  traction  of 
the  triceps.  The  most  eoiiunon  pkcc  for  the  fnirrure  to  wcur  is  at  the  constricted  portion 
where  the  olecTanon  joins  tlic  shaft  of  the  hone,  and  the  fracture  may  tie  either  transverse  or 
oblique;  but  any  part  may  be  broken,  even  a  thin  shell  njay  be  torn  off.  Fractures  fri:>m  direct 
violenee  are  oeeasionally  comndnuted.  The  displaeeniL'nt  is  sometimes  very  alight,  owing  to  the 
fibrous  structures  around  the  process  not  being  torn.    (*J)  Fracture  of  the  coronoid  process  some- 
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times  ♦K^ciirs  as  a  complication  of  di^^lnoatiun  back  ward  t>t'  t!ie  bones  of  tlie  furearm,  but  it  is 
dimbtful  if  it  ever  oeeiirs  as  ai»  iiT)a>uipliea(eil  injury.  (II)  Frartnre^  of  the  t^hafl  of  tlie  iilna 
may  ocvur  at  any  purt,  bnt  iiMially  lake  \\\avv  at  die  middle  of  llie  bone  or  a  little  Ixlow  it. 
They  are  altuost  always  the  re>!uh  of  dire(*t  violent'e,  (4)  The  *^tyloid  prwess  may  be  kinxked 
off  by  direct  violonre,  Fnu'tures  of  the  radium  eonsist  of^f  I  )  Fraciure  of  the  head  of  t lie  bone; 
this  ^'enerally  oceurs  in  eoiij unction  with  some  other  lesion,  but  may  occur  as  an  uiicoiitiilieated 
injury.  (2}  Fracture  of  ilic  nwk  nmy  also  take  place,  hut  is  generally  eumjditated  witli  other 
injury.  {l\)  Fractures  of  t!ie  shaft  of  live  radius  arc  very  cotiiuiou,  and  may  take  |daec  at  any 
part  of  the  l>one.  They  may  take  pbce  from  either  direct  or  indircet  violence,  (4)  The  most 
imtK>rtant  IViicture  of  the  radius  is  that  of  the  lower  end  (Colics  s  frneturel.  The  fracture  is 
transverse,  and  generally  lakes  place  about  an  inch  frt>m  the  lower  extixnuity.  It  is  cautied  by 
fulls  on  the  palm  of  the  hand,  and  is  an  injury  of  advanced  life,  oecurrinc  more  fre(|uently  in  the 
female  than  the  male.  In  eousequeacc  of  the  manner  in  which  the  fracture  is  caused,  the  opiK3r 
fcgmcnt  bcniuics  driven  into  the  lower,  and  impaction  in  the  result ;  or  else  the  lower  fnii:incnt 
htM'omes  split  up  into  two  or  uiore  pieces^  si>  that  no  fi.xation  iKrurs.  Separation  of  the  lower 
epi ph y si s  o f  t h c  rad ins  m ay  i a k e  tdiiee  in  the  vo u n g.  This  i nj u ry  u nd  Col h^ s  t ra < i u re  may  be 
tlistiiiguished  from  other  injuries  in  this  neiffiihorhood— especially  dislocatioiK  with  which  it  b 
Ufthle  to  he  confounded — by  observing*  the  relative  p(t,'*itioiis  of  the  i^tyloid  processes  of  the  ulna 
and  radius.  In  the  natural  condition  of  partes  with  the  ana  hanging  by  the  side,  the  styloid  pro- 
cess of  the  radius  is  on  a  lower  level  than  tliaf  of  the  ulna:  that  is  to  s^ky,  nearer  the  gTOiiird. 
After  fnu'lure  or  separation  of  the  epiphysis  this  prcK-ess  is  on  the  same  or  liigher  level  than  ihait 
of  the  iibia,  whereas  it  wutdd  he  unaltereil  in  i,MJsition  in  dislocation, 

THE  HAND. 

The  skcdettiri  of  the  Hand  is  subdivided  into  three  sejLrments^the  Carpus  or 
wri^t-bones;  the  Metaciu'pus  or  boiie.*^  id'  the  palm:  and  the  Phalanges  or  bones 
of  the  fingers. 

The  Carpus. 

The  hones  of  the  Carptis  {xaftnoQ^  the  w  ri.st),  eight  in  nmnbei\  are  arranged  in 
two  rows.  Those  of  the  njiper  row%  ennmerated  from  the  radial  to  the  itlnar 
side,  are  the  scaphoid,  semilonar,  cuneiform,  and  fiisifbrm  ;  those  of  the  lower 
row,  enumerated  in  the  satne  **rdei%  are  the  tra|>eziijm,  trapeit**itl,  os  magnum,  and 
unciform. 

Common  Characters  of  the  Carpal  Bones, 

Each  bone  (excepting  the  iiisifoim)  presents  six  surfaces.  Of  these  the  anterior 
or  palmar  and  the  poEtenor  or  dorml  are  ron^h  for  ligamentous  attachment, 
the  dorsal  surface  being  the  broader,  except  in  the  scaphoid  and  semilunar.  The 
mtperior  or  proximal  and  inferior  or  distal  are  articulai\  the  superior  generally 
convex,  tlie  inferior  concave;  and  the  intmtal  and  rrUrnal  are  also  artictilar  when 
in  eotitact  with  ci*ntiginuts  bones,  otherwise  rough  and  tuliercnlar.  The  striictui^e 
iti  all  is  similar,  consisting  of  cancellous  tissue  enclosed  in  a  kiyer  of  eomfmct  bone. 
Each  hone  is  also  developed  from  a  single  centre  of  ossification. 


Bones  of  the  Upper  Row  {Figs.  204,  205). 

The  Scaphoid  {axdifrj.  a  boat;  stooc*  like)  i^i  tlie  largest  bone  of  the  fii*st  row. 
It  has  received  ils  name  from  its  fancied  resemblance  to  a  boat,  being  broad 
m  one  end,  and  narrowed  like  a  prow  at  the  opposite.  It  is  situated  at  the 
up|>er  and  outer  part  of  the  carpns,  its  hmg  axis  being  from  ab*ive  downward, 
outward  and  for w aid.  The  tiupcrior  Hurfave  is  convex,  smooth,  of  triangular 
shape,  and  articulates  with  the  lower  end  of  the  radius.  The  inferior  Hurftirt\ 
directed  downward,  outward,  ami  backward,  is  smooth,  convex,  also  triangular, 
and  divided  by  a  slight  ridge  into  two  parts,  the  external  of  which  articulates 
with  the  trajiezium,  the  inner  with  the  trapezoid.  The  jmahrior  or  fiorsafsi(rfit:e 
presents  a  narrow,  rough  groove,  which  runs  the  entire  breadtli  of  the  bt>ne  and 
.serves  for  the  attachment  of  ligaments.  The  anterifir  or  pahttar  Hfttftif*'  is  concave 
above,  and  elevafed  at  its  lower  and  outer  part  into  a  pi*ominent,  rounded  titbercle, 
which  projects  forward  from  the  front  of  the  carpus  and  gives  attachment  to 
the  anterior  annular  ligament  of  the  wrist.  The  external  »urfaee  is  rough  and 
narrow,  and  gives  attachment  ti>  the  extei^nal  lateral  ligament  of  the  wrist.     The 
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To  ascertain  to  which  side  the  bone  belongs,  hold  it  with  the  superior  or 
radial  convex,  artjeular,  surface  upward,  and  the  posterior  surface — **  t\  the  narrow, 
non-articular,  grooved  surface — toward  you.  The  tubercle  on  the  outer  surface 
points  to  the  side  to  which  the  bone  belongs,* 

Articulations. — With  five  bones:  the  radius  above,  trapesiium  and  trapezoid 
below.   OS  ningiium   and  semilunar  internally. 

The  Lunar  or  Semilimar  {^cm/,  half;  hum,  moon)  bone  may  be  distinguished  by 
its  deep  concavity  and  crescentic  outline.  It  is  situated  in  the  centre  of  the  upper 
row  of  the  carpus,  between  the  scaphoid  and  cuneiform.  The  nuperior  9urfaci%,  con- 
vex, smooth,  and  bounded  hj  four  edges,  articulates  with  the  radius*  The  inferior 
surface  is  deeply  concave,  and  of  greater  extent  from  before  backward  than  trans- 
versely :  it  articulates  with  the  head  of  the  os  magnum  and  by  a  long,  narrow 
facet  (separated  by  a  ridge  from  the  general  surface)  with  the  unciform  bone. 
The  anterior  or  pahnar  and  posterior  or  dorsal  gurf fires  are  rough,  for  the  attach- 
ment of  ligamenls,  the  former  being  the  broader  and  of  somewhat  rounded  form. 
The  t'j'ternal  Sitrfm-c  presents  a  narrow,  flattened,  semilunar  facet  for  articulation 
with  the  scafihoid.  The  internal  surf  me  is  markt-d  by  a  smooth,  quadrilateral 
facet,  for  articulation  with  the  cuneiform. 

Hold  it  with  the  convex  articular  surface  for  the  radius  upward,  and  the 
narrowest  non-articular  surface  toward  you.  The  semilunar  facet  for  the  scaphoid 
will  he  on  rlie  side  to  which  the  bone  belongs. 

Articulations, — With  five  bones :  the  radius  above,  os  magnum  and  unciform 
below,  scaphoid  and  cuneiform  on  either  side. 

The  Cuneiform  (eutifUif,  u  wedge;  /'^>rwrt,  likeness)  maybe  distinguished  by 
its  pyramidal  shape  (rj*f /j//n/w/r/a/t'),  and  by  its  having  an  mal,  isolated  facet  for 
articulation  with  the  j>isiform  bone.  It  is  situatefl  at  the  upper  and  inner  side  of 
the  carpus.  The  miperior  surface  presents  an  in  tern  aU  rough,  non-articular  por- 
tion,  and  an  external  or  articular  portion,  which  is  convex,,  smooth,  and  articulates 
with  the  triangular  interarticular  fibrtj-cartilage  of  the  wrist.  The  inferior  sur- 
faee,  directed  outward,  is  concave,  sinuously  curved,  and  smooth  for  articu- 
lation with  the  unciform.  The  posterior  or  dorsal  suifaee  is  rough,  for  the  attach- 
ment of  ligaments.  The  anterior  or  palmar  surfaee  presents,  at  its  inner  side,  an 
oval  facet,  for  articulation  with  the  pisiform  ;  and  is  rough  externally,  for  liga- 
mentous attach  mo  nt.  The  external  surfaee^  the  base  of  the  pyramid,  is  marked 
by  a  flat,  ijuadri lateral,  smooth  facet,  for  articulation  with  the  semilunar.  The 
internal  Hurface,  the  summit  of  the  pyramid,  is  pointed  and  roughened,  for  the 
attachment  of  the  internal  lateral   ligament  of  the  wrist. 

Hold  the  hone  with  the  surface  supporting  the  pisiform  facet  away  from 
you,  and  the  concavo-convex  surface  for  the  unciform  downward.  The  base 
of  the  wedge  (/.  f,  the  broad  end  of  the  bone)  will  be  on  the  side  to  which  it 
belongs. 

Articulations.— With  three  bones:  the  semilunar  externally,  the  jusiform  in 
front,  the  uncif<u'm  below  ;  and  with  the  triangular,  interarticular  tibro'Curtilage 
which  separates  it  from  the  tower  end  of  the  ulna. 

The  Pisiform  {pisum,  a  pea  ;  fonna^  likeness)  may  be  known  by  its  small  size 
and  by  its  presenting  a  single  articular  facet*  It  is  situated  at  the  anterior  and 
inner  side  of  the  carpus,  is  nearly  circular  in  form,  and  presents  on  its  poster hr 
surf  are  a  smooth,  oval  facet,  fur  articulation  with  the  cuneiform.  This  facet 
apjiroaches  the  su]*erior,  but  not  tbe  inferior,  border  of  the  bone.  The  antenot 
oY  pahnar  surface  m  rounded  and  rough,  and  gives  attachment  to  the  anterior 
annular  ligiunent  and  to  the  Flexor  carpi  ulnaris  and  Abductor  minimi  digiti 
muscles.  The  outer  and  inner  surfaces  are  also  rough,  the  former  being  convex* 
the  latter  usually  concave. 

Hold  the  bone  with  the  posterior  surface— that  which  presents  the  articular 

*  In  tlies*  diret-lions  eacli  l^mt^  'a^  suppcwieci  tn  \^  placed  in  its  natural  pnsiiinn — ttint  j*i,  such  a 
positicm  as  it  would  oecapv  wlien  the  iinii  is  hiinj^itig  ny  tlie  side,  the  forerirm  i^fj  a  position  of  supi* 
njition,  the  thuml^i  Winj?  cfirectetl  milwaix!,  ami  the  pnlm  of  the  hniid  loukiujy:  forward. 
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Bones  of  the  Lower  Row  (Figs,  204,  205). 

Tbe  Trapezium  [rpdni^a^  a  tabk')  ii>  of  very  irregular  furai.  It  may  be  distin- 
gui^ilied  by  a  deep  groove,  fur  the  teiitlon  of  the  Flexor  carpi  radialis  muscle. 
It  is  situated  at  the  external  and  inferior  jiart  of  the  carpus,  between  the  scaphoid 
and  first  metacarpal  boue.  Tbc  superior  surfaee,  concave  an*!  ismooth,  is  directed 
njiwartl  and  inwaid,  and  articulates  with  the  scaphoid.  The  itiferior  surfat*^^ 
riirectcd  downwurtl  and  iinv<nd,  h  oval,  concave  from  side  to  side,  convex  from 
before  haeknard,  so  as  to  form  a  saddle-shaped  surface,  for  articulation  with  the 
base  of  the  first  metacarpal  bone.  I'he  mitmor  or  palmar  surfuce  is  narrow  and 
rough*  At  its  upper  part  is  a  deep  groove  running  from  above  oblicjuely  down- 
ward and  inward ;  it  transmits  the  tendon  r>f  the  Flexor  carpi  radialis,  and  is 
bounded  externally  by  a  prominent  ridge,  the  oblique  ridge  of  the  trapezium. 
This  surface  gives  attachmctit  to  the  Abductor  pollicis.  Flexor  ossis  nietacarpi 
pollicis,  and  Flexor  brevis  pollicis  nuiscles,  and  tbe  anterior  annular  ligament. 
The  posterior  or  dormi  Hurftiet'  is  rough.  The  exti'mal  mrface  is  also  broail  and 
rough,  for  the  attachment  <)f  ligaments.  The  mterjwJ  siirfftrf  presents  two 
articular  facets:  the  upper  one,  large  and  concave,  articulates  with  the  trapezoid; 
the  lower  one,  narrow  and  flattened,  with  the  base  of  the  second  metacarpal 
bone. 

Hold  the  bone  with  the  saddlc-sbaped  surface  downward  and  tbe  grooved 
surface  away  from  you.  The  prominent,  rough,  non-articular  surface  points  to 
the  side  to  which  the  bone  belongs. 

Articulations.— With  four  bones  :  tbe  scaphoid  above,  the  trapezoid  and  second 
metacar[»al  bones  internally,  the  first  metacarpal  below. 

Attachment  of  Muscles.^ — Abductor  pollicis.  Flexor  f^ssis  metacarpi  pollicis^  and 
part  iA'  the  Flexor  brevis  prdlicis. 

Tbe  Trapezoid  is  the  smallest  bone  in  the  second  row.  It  may  be  known  by 
its  wedge-stiaped  form,  the  broad  end  of  the  wedge  forming  the  dorsal,  the  narrow 
end  the  palmar,  surface,  and  by  its  having  four  articular  suidaces  toucbing  each 
other  and  sejia rated  by  sharyj  edges.  The  nuperior  i^urfaec^  c| nail ri lateral  in  form, 
smooth,  and  slightly  concave,  articulates  with  the  scaphoid.  The  hifej'wr  Hurfacr' 
articulates  with  the  ujvpcr  en<l  of  the  second  metacarjial  bone;  it  is  convex  from 
side  to  side,  concave  from  before  backward,  and  subdivided  by  an  elevated  ridge 
into  two  unequal  lateral  facets.  The  poHterityr  or  tforsal  and  anterior  or  palmar 
mirfih'eH  are  nnigh,  for  the  attachment  of  ligaments,  the  former  being  the  larger 
of  the  two.  The  eTternai  mirf(H'i\  ctmvex  and  smooth,  articulates  with  the 
trapeyJiim.  The  iftfental  durf^we  is  concave  and  smooth  in  fronts  for  articulation 
with  the  OS  magnum  ;  rough  behind,  for  the  attachment  of  an  interosseous 
ligament. 

Hold  the  bone  with  the  larger,  non-articular  surface  toward  you,  and  the 
smooth,  quadrilateral  articular  surface  upward.  The  convex,  articular  surface 
will  point  ro  the  side  to  which  the  bone  belongs.* 

Articnlations. — With  fVuir  bones:  the  scaphoiil  above,  second  metacarpal  bone 
below%  trapezium  externally,  os  magnum  internally. 

The  Os  Magnum  is  the  largest  btme  of  the  carjius,  and  occupies  the  centre  of 
the  wrist.  It  presents,  above,  a  rounded  |>ortion  or  head,  which  is  received  into 
the  concavity  formed  by  tbe  scaphoid  atid  semilunar  bones  ;  a  crmstricted  portion 
or  neck  ;  and,  below,  the  body.  The  ^ttperior  mirfaee  is  rounded,  smooth,  and 
artic]dates  with  the  semilunar.  Tbe  hit er tor  surfavt'  is  divided  by  two  ridges  into 
three  fucet,s,  for  articuhitiim  with  the  second,  third,  and  frurrth  metacarpal  bones, 
that  for  the  third  (the  middle  facet)  being  the  largest  t^f  tbe  three,  The  posterior 
or  dormil  surftii'e  is  broad  and  rough;  the  unfirior  or  pahmir,  narrow,  rounded, 
and  also  rough,  for  the  attachment  of  ligaments.     The  extrrnal  »urfaee  articulates 

M^^casionrtlly  m  ft  hndly  marked  bone  tlit^re  is  somQ  ditlieuUy  in  nrteeHniaing  to  which  .side  tbe 
bone  tHpltinRs;  the  followinjir  mclh™!  will  Hometjnies  l*  found  Uf^-ful :  Hold  the  bone  with  its  brftuder, 
iion*arlit'iilar  surfac'e  tipu  ar<1j  «>  ihiH  its  sloping  border  h  directed  toward  you.  The  Ixirder  will  slope 
to  the  bide  to  which  the  btme  lielong^. 
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with  tie  trapezoid  by  a  small  facet  at  its  anterior  inferior  angle,  behind  which  is 
a  rough  depression  fi>r  the  attachment  of  an  interosseous  ligament.  Above  this 
is  a  deep  and  rough  groove,  which  fonni*  part  of  the  neck  and  serves  for  the 
attachment  of  ligaments,  bounded  t5iiperiorly  by  a  smooth,  convex   surface,  for 

yticulation  with  the  scaphoid.  The  hiterttal  aurfaoe  articulates  with  the  unciform 
'  ft  smooth,  concave,  oblong  facet  which  occupies  its  posterior  and  superior 
rts,  and  is  rough  in  front,  for  the  attachment  of  an  interosseous  ligament. 
Hold  the  bone  with  the  broader,  non-artieular  j^urface  toward  you,  and  the 
fi^ad  upward.  The  small,  articular  facet  at  the  anterior  inferior  angle  of  the 
t^teriial  sui*face  will  jjoint  to  the  side  to  which  the  hone  beli>ng8. 

Articulations, — With  seven  bones:  the  scaphoid  and  semilunar  above;  the 
^aecciiiJ,  third,  and  fiiurth  metacarpal  below;  the  trajvezoid  on  the  radial  side;  and 
B|he  unciform  on  the  iduar  side. 

H         Attachment  of  Muscles. — Part  of  the  Adductor  oblii|uus  pollicis. 

H  The  Unciform  {tnirtat^  a  hook  ;  ff/rmfi,  tikene.ss)  may  be  readily  distinguished 

■  >*y  m  wedge*shaped  form  and  the  hook -like  process  that  projects  from  its  palmar 

W surface.     It  is  situated  at  the  inner  and  lower  angle  of  the  carpus,  with  its  base 

w\i7iward,   resting  on  the  two   inner  metacarpal  bones,  and   its  apex  directed 

upward  a^d  outward.      The  Hup^rior  aurfiirt'.  the  apex  of  the  wedge,  is  narrow, 

Ctiijvex,  smooth,  and  articulates  with  the  semilunar.     The  hiferior  mirfa'.^e  articu- 

Utt'8  with   the  fourth  sind  fifth   metacarpal   bones,    the  concave  surface  for  each 

|i       Wing  separated  by  a  ridge  which   runs  froni   licfore  backward.     The  poatterior  or 

I       dotml  Hurfaee  is  triangular  and  rough,  tVir  ligamentous  attacbtuent.     The  anterior 

I       ^T  palmar  surface  presents,  at  its  lower  and   inner  side,  a  curved,  hook -like  pro* 

r       Ceas  of  boDe,  the  unciform  proeem^  directed  from  the  palmar  surface  forward  and 

k    mtiward.      It  gives  attachment  by  its  apex  to  the  unnular  ligament  ;   by  its  inner 

V   surface  to  the  Flexor  brevis  minimi  digiri  anil  the  Flexor  ossis  mctacarpi  minimi 

(ligiti ;   and  is  grooved  on   its  outer  side,  for  the  passage  of  the  Flexor  tendons 

into  the  palm  of  the  hand.     This  is  one  of  the  four  eminences  on  the  front  of  the 

carpus  to  which  the  anterior  annular  ligament  is  attached,  the  others  being  the 

■  pisiform  internally,  the  oblitpie  ridge  of  the  trapezium  and  the  tuberosity  of  the 
scaphoid  externally.  The  Internal  surf  are  articulates  with  the  cuneiform  by  an 
oblong  facet  cut  oblitjucly  from  above,  downward  and  inwurd.  The  erterntjl  mir- 
face  articulates  with  the  os  magnum  by  its  up])er  und  posterior  part,  the  remaining 
portion  being  rough,  for  the  attachment  of  ligaments, 

»Hold  the  bone  with  the  hooked  process  away  from  you,  and  the  articular  sur- 
face, divided  into  two  parts,  for  tbe  metacarpal  btuies,  tlownward.  The  concavity 
of  the  process  will  be  <m  the  side  to  which  the  bone  belongs. 

Articulations. — With  five  bones:  tbe  semilunar  above,  the  fourth  und  fifth 
tneiacarpal   below,  the  cuneiform   internally,  the  os  magnum  externjilly. 

Attachment  of  Muscles, — To  three  :  the  Flexor  brevis  minimi  digiti,  the  Flexor 
B<»s$ts  metacarpi  minimi  digiti,  tbe  Flexor  carpi  ulnaris;  and  to  the  anterior  annular 
"^ligament. 


The  Metacarpus. 
The  Metacarpal  Bones  are  five  in  number:  they  are  long,  cylindrical  bones. 


entincr  for  examination  a  shaft  and  two  extremities. 


■        Tl 
■met 

^m  Common  Characters  of  the  Metacarpal  Banes. 

The  Shaft  is  prismoid  in  form  and  curved  longitudinally,  so  as  to  he  convex  in 
the  longittidiusil  direction  behind,  concave  in  front.     It  presents   three  surfaces: 

(two  lateral  and  one  posterior.  Tbe  hiterai  surfiiees  are  concave,  fr»r  the  attach- 
ment of  the  Interossei  muscles,  and  separated  from  one  another  by  a  |*romincnt 
line.  The  posterior  or  doraal  surface  presents  in  its  distal  half  a  smooth, 
triangular,  flattened  area  which  is  covereil,  in  the  recent  state,  by  the  tendons  of 
the  Extensor  muscles.  This  triangular  surface  is  boumled  by  two  line?*,  which 
rCommence   in  small  tubercles  situjited  on   the  dorsal  aspect  of  either  side  f»f  the 
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digital  extremity,  and,  nniniog  backward,  converge  to  meet  together  a  little 
bebiud  the  ceotre  of  the  bone  and  form  a  ridge  which  ryns  along  the  rest  of  the 
dorsijii  i^urfaee  to  the  carpal  extremitv.  This  ridge  separates  two  lateral,  sloping 
surfaces  for  the  attachment  of  the  Dorsal  interussei  iiiuseles.'  To  the  tubercles 
on  the  digital  extremities  are  attached  the  lateral  ligaments  of  the  metacarpo- 
phalangeal joints. 

The  carpal  extremity,  m  base,  is  of  a  cuboidal  form,  and  broader  bebiod  than 
in  frunt;  it  artieulate.s  above  with  the  carpus,  and  on  each  &idewith  ihe  adjoining 
metacarpal  himes  ;  its  dorsal  and  jMtlmar  ^urfaves  are  rough,  for  the  attachment  of 
tendnn^*  and  ligaiiient.s. 

The  digital  extremity,  or  head,  presents  an  oblong  surface,  flattened  at  each 
aide;  it  articulates  with  the  proximal  phalanx  ;  it  is  broader  and  extends  farther 
forward  in  front  than  behind,  and  is  longer  in  the  antero-posterior  than  in  the 
transverse  diameter.  On  either  side  of  the  head  is  a  tubercle  for  the  attachment 
of  the  lateral  ligament  of  the  metacarpo-phalatigeal  joint.  The  posterior  ^urfaet, 
broad  and  Hat,  supports  the  Extensor  tendons ;  the  anterior  j^urfave  is  grooved  in 
the  middle  line  for  the  passage  of  the  Flexor  tendons,  and  marked  on  each  side  by 
an  articular  eminence  continuous  with  the  terminal  articular  surface. 


Peculiar  Characters  of  the  Metacarpal  Bones. 

The  metacarpal  bone  of  the  thumb  is  shorter  and  wider  than  the  rest,  diverges 
to  a  greater  degree  from  the  carpus,  and  its  pal  mar  sifrfavti  is  directed  inward 
toward  the  palra.  The  shaft  m  flattened  and  broad  on  its  dorsal  aspect,  and 
does  not  present  the  ridge  which  is  found  on  the  other  metacarpal  bones ;  it  is 
concave  from  before  backward  on  its  palmar  surface.  The  carpal  extremity, 
or  basfy  presents  a  concavo-convex  surface,  for  articulation  with  the  trapezium ; 
it  has  no  lateral  facets.  The  digital  extremitt/  is  less  convex  than  that  of  the 
other  metacarpal  bones,  broader  from  side  to  side  than  from  before  backward,  anil 
terminates  anteriorly  in  a  sxuall  articular,  eminence  on  each  side,  over  which  play 
tivo  sesamoid  bones. 

The  side  to  which  this  bone  belongs  may  be  known  by  observing  the  little 
prominence  which  is  situated  on  the  outer  or  radial  side  of  its  posterior  surface  just 
above  the  base,  for  the  tendon  of  the  Extensur  ossis  metacar|>i  pollicis.  If  the 
bone  is  held  with  the  palmar  surl\ice  upward  and  the  1*ase  toward  the  student, 
the  prominence  will  point  to  the  side  to  which  the  bone  belongs.  Another  means 
by  which  the  aide  to  which  the  bone  belongs  may  be  ascertained  is  by  holding  it 
in  the  position  it  occupies  in  the  hand,  with  the  carpal  extremity  upward  and  the 
dorsal  surface  backward;  the  narrower,  radial  bonier  will  point  to  the  side  to 
which  it  belongs. 

The  metacarpal  bone  of  the  index  finger  is  ilie  longest  and  its  base  the  largest 
of  the  other  four.  Its  carpal  extrrmitii  is  prolonged  upward  and  inwanl,  forming 
a  prominent  ridge.  The  dorsal  and  j>ahnar  surfaces  of  this  extremity  are  rough, 
for  the  attachment  of  tendons  antl  ligaments.  It  presents  four  articular  facets; 
three  on  the  upper  aspect  of  the  base :  the  middle  one  of  the  three  is  the  largest, 
concave  from  side  to  side,  convex  from  before  backward,  for  articulation  with  the 
tra|»e7.oid  ;  the  external  one  is  a  small,  ilat.  rpiadrihiteral  facet,  for  artictdation  with 
the  trapezium;  the  internal  one  on  the  summit  of  the  ridge  is  huig  and  narrow, 
for  articulation  with  the  os  magnum.  The  fourth  facet  is  on  the  inner  or  ulmir 
side  of  the  extremity  of  the  bone,  and  is  for  articulation  with  the  third  metacarpal 
bone. 

The  side  to  which  this  bone  belongs  is  indicated  by  the  absence  of  the  lateral 
facet  on  the  outer  (radial)  side  of  its  base,  so  that  if  ihe  bone  is  placed  with  its 
base  toward  the  student  and  tlie  palmar  surface  upward,  the  aide  on  which  ther<» 
is  no  lateral  facet  will  be  that  to  which  it  belongs. 

^  By  the^e  .Nlopinp:  surfaces  the  metacarpti!  bones  of  the  hiind  amy  be  at  oaoe  diflerenttated  from 
tho^  <tt  the  ioou 
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The  metacarpal  bone  of  the  middle  finger  is  a  little  smaller  than  the  preceding : 
it  presents  a  pyramidal  eminence  (the  styloid  process)  on  the  radial  side  of  itg 
base  (dorsal  aspect)  which  extends  upward  behind  the  os  magnum.  The  carpal, 
articular  facet  ii*  concave  behind,  flat  in  front,  ami  articulates  with  theos  magnum, 
On  the  radial  side  is  a  smooth,  concave  facet,  for  articulation  with  the  second 
metacarpal  bone,  and  on  the  ulnar  side  two  small,  oval  facets,  for  art icnlation  with 
the  tbarih  metacarpal. 

The  side  to  which  this  bone  belongs  is  easily  recognized  by  the  styloid  pro- 
ceiss  on  the  radial  side  of  its  base.  With  the  palmar  surface  uppermost  and  the 
base  toward  the  student,  this  process  points  toward  the  side  to  which  the  bone 
beliiQtfs, 

The  metacarpal  bone  of  the  ring  finger  is  shorter  and  smaller  than  the  preced- 
iag,  and  its  base  suuill  and  i|imdrihiteral ;  the  carpal  surface  of  the  base  present- 
ing two  facets,  for  articulation  with  the  unciform  and  os  magnum.  On  the  radial 
side  are  two  oval  facets,  for  articulation  with  the  third  metacarpal  bone;  and  on 
the  ulnar  side  a  single  concave  facet,  for  the  fifth  metacarjml. 

If  this  bone  is  placed  with  the  base  toward  the  student  and  the  palmar  surface 
npward,  the  radial  side  of  the  base,  which  has  two  facets  for  articulation  with  the 
third  metacarpal  bone,  will  be  on  the  side  to  which  it  belongs.  If,  as  sometimes 
happens  in  badly-marked  bones,  one  of  these  facets  is  indistinguishable,  the  side 
may  be  known  by  selecting  the  surface  im  which  tlie  larger  articular  facet  is  present. 
This  facet  is  for  the  fiftb  metacarpal  boue,  and  would  therefore  be  situated  on  the 
Dinar  side  ;  that  is,  the  one  to  which  the  hone  does  not  belong. 

The  metacarpal  bone  of  the  little  finger  presents  on  its  base  one  facet,  which 
ig  concavo-CHnvcx,  and  which  articuhites  with  the  unciform  bone,  and  one  lateml, 
articular  facet,  which  articulates  with  the  fourth  metacarpal  bone.  On  its  ulnar 
side  is  a  prominent  tubercle,  for  the  insertion  of  the  tendon  of  the  Extensor  carpi 
ulnaris.  The  dorsal  surface  of  the  sbaft  is  marked  by  an  oblique  ridge  which 
e^ctends  from  near  the  ulnar  side  of  the  upper  extremity  to  the  radial  side  of 
the  lower.  The  outer  division  of  this  surface  serves  for  the  atfacbment  of  the 
Fourth  dorsal  interosseous  muscle ;  the  inner  division  is  smooth  and  covered  by 
the  Extensor  tendons  of  the  little  finger. 

If  this  bone  is  placed  with  its  base  toward  tlie  student  and  its  palmar  surface 
upward,  the  side  of  the  head  which  has  a  lateral  fact.*t  will  be  that  to  which  tbe 
bone  belongs. 

Articulations. — Besi<Ies  the  phalangeal  articulations,  the  first  metacarpal  hone 
articulates  with  the  trapezium  ;  the  second  with  the  trapezium,  trapezoid,  oa 
magnum,  and  third  Tuetacarpal  hones;  the  third  with  the  os  magnum  and  second 
and  fourth  metacarpal  bones ;  the  fourth  with  the  os  magnum,  uncifonn,  and 
third  and  fifth  metacarpal  bones;  and  the  fifth  with  the  unciform  and  fourth 
nietacarpal. 

The  firisi  has  no  lateral  facets  on  its  carpal  extremity ;  the  second  has  no 
lateral  facet  on  its  radial  side,  but  one  on  its  ulnar  side;  the  third  has  one  on 
its  radial  and  two  on  its  ulnar  side;  the  fourth  has  two  on  its  radial  and  one  on 
its  ulnar  ^idc :   ami  the  fifth  has  only  one  on  its  radial  side. 

Attachment  of  Muscles. — To  the  metacarpal  bone  of  the  thumb,  four :  the 
Flexor  ossis  raetacarpi  poUicis,  Flexor  brevis  pollicis.  Extensor  ossis  metacarpi 
pollicis,  and  First  dorsal  interosseous.  To  the  second  metacarpal  bone*  six: 
the  Flexor  carpi  radial  is,  Extensor  carpi  radial  is  longior,  Adductor  oblicjuus 
pollicis.  First  and  Second  dorsal  interosseous,  and  First  palmar  interosseous. 
To  the  third,  six :  the  Extensor  carpi  radial  is  brevior.  Flexor  carpi  radial  is. 
Adductor  transversus  pollicis.  Adductor  oldi^juus  pollicis,  and  Second  and  Third 
dorsal  interosseous.  To  tlie  foyrth,  three:  the  Third  and  Fourth  dorsal  and 
Second  palmar  interosseous.  To  the  fifth,  five:  the  Extensor  carpi  ulnaris^ 
Flexor  carpi  nlnaris.  Flexor  ossis  metacarpi  minimi  digiti,  Fourth  dorsal  and 
Third  palmar  interosneous. 
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i^ers;  tuey  are  rniirtcen  in 
number,  three  for  each  finger,  ami  two  for  the  thrimb.  They  are  long  l»ones^  and 
present  for  examination  a  shaft  and  two  extremities.  The  »haft  tapers  from 
above  downward,  is  convex  fjiosteriorly,  concave  in  front  frf)n]  above  downward, 
flat  from  side  to  yide,  and  marked  laterally  by  rimgh  rid^^es,  which  give  attaehment 
to  the  fibrous  sheaths  of  the  Flexor  tendons.  The  miUtcarpal  ertrcftHttf^  or  /ia«^. 
in  the  first  row  presents  an  oval,  concave*  articular  surface,  l>roader  from  side  to 
side  than  from  before  backward;  and  the  same  extremity  in  the  other  two  rows, 
a  di>uble  concavity^  separated  by  a  longitudinal  median  ridge,  ex  ten  ding  from  before 
backward.  The  dif/ltftl  vjctn'mities  are  smaller  than  the  others,  and  terminate, 
in  the  first  and  second  rows,  in  two  small,  lateral  condyles,  separate<l  by  a  slight 
groove;  the  arlicidar  surface  being  jirohniged  farther  forward  on  the  palmar  than 
on  the  dorsal  sitrface,  es|iecially  in  the  first  row. 

The  Ungual  Plialangea  are  convex  on  their  dor.sal  flat  on  their  palmar,  snrfaces; 
they  are  recognized  by  their  small  size  ami  by  a  roughened,  elevated  snrfaee  of  a 
horseshoe  form  on  the  palmar  aspect  of  their  ungual  extremity,  which  serves  to 
support  the  sensitive  pulp  of  the  finger. 

Articulations. — The  first  row,  with  the  metacaT[>al  hones  and  the  second  row 
of  phalanges;  the  second  row,  with  the  first  and  third;  the  'Jiird,  with  the  secnnd 
row. 

Attachment  of  Muscles.— To  the  base  of  the  first  jdialanx  of  tlie  tbimib,  five 
muscles:  the  Extensor  brevis  pollicis.  Flexor  brevis  pollicis.  Abductor  pollieis. 
Adductor  transversus  and  obliquus  pollieis.  To  the  sec<ind  phalanx,  two;  the 
Fh\xor  longus  pollieis  and  the  Extensor  longus  pollieis.  To  the  base  of  the  first 
phahinx  of  the  index  finger,  the  First  dorsal  and  the  First  palmar  interosseous ;  to 
t}iat  nf  the  miildle  finger,  the  Second  and  Third  dorsal  interosseous;  to  that  of 
the  ring  ^nger,  the  Fourth  dorsal  and  the  Second  palmar  interosseous;  and  to  that 
of  the  little  finger,  the  Third  juilmar  interosseous,  the  Flexor  brevis  minimi  digili, 
and  Abductor  minims  digiti.  To  the  second  phalanges,  the  Flexor  sublimis  digi- 
toruni.  Extensor  communis  digitorum.  and,  in  addition,  the  Extensor  indicia  to 
the  index  finger,  the  Extensor  minimi  digiti  to  the  little  finger.  To  the  third 
phalanges,  the  Flexor  profundus  digitorum  and  Extensor  communis  digitoruni. 

Surface  Form. — On  the  front  of  the  wrist  are  two  sidK'Utaneuns  eminences,  tjue  on  the 
niilitil  side,  \hv  Lirij^er  and  flatter,  duo  to  the  tiihen>sity  of  the  sciiphuid  and  the  ritlt'e  on  the 
irapeziimi ;  the  other,  on  the  ulijt*r  siile,  caused  by  the  pisiitHiii  lM>iie.  The  tuberek'  of  llie 
scaphoid  is  to  be  felt  just  below  arul  in  front  of  the  apex  ot  the  styloid  f>rii(*css  of  the  rnJins.  U 
is  bc^t  perL-eived  by  extending;  the  hatid  on  the  forearm.  Inanediately  helow  is  to  l)e  felt 
auofher  pmiaineufe,  Wtter  marked  than  the  tuhert'le  :  this  is  the  ridpe  on  tlie  Irapezinm  which 
gives  attacluuent  to  some  of  the  short  niustles  uf  the  (Imndj.  On  the  intier  side  of  the  front  of 
the  wrist  the  pisitorm  hone  is  to  he  ielt,  forming  a  small  but  ]Oi)niiiient  projeetion  in  this  silua- 
tion.  It  is  some  distane<_^  helow  the  styloid  process  ol'tht*  ulna,  niid  may  be  said  to  l>e  just  Ijelow 
the  level  of  the  styloid  prm^ess  of  the  radius.  The  rest  of  the  front  of  t-lie  earpus  is  lovered  by 
tendons  and  the  annular  li>rament,  and  entirely  eoneealed,  with  the  exeeiitton  of  the  hwtked  pro- 
cess of  the  naeifonn,  whieh  ean  only  he  ntade  out  with  diflii'ulty.  The  haek  of  the  c^aroas  is 
eoavpx  and  eovered  by  the  Extensor  tendons,  so  that  none  td'the  posterior  si irfaecs  of  the  bones 
are  to  lie  tt  It,  with  the  eieeption  of  the  euneitonn  (Hi  the  inner  side.  Below  the  c^arpus  the 
dorsal  snrfaees  oftbe  jnetaearpal  Ijones,  exeept  the  fifth,  are  eovered  by  tendons*  and  are  searcely 
visible  exee|>t  in  very  thin  hands.  The  tlorsal  stirfaec  of  the  fitlli  is,  however.  sulM^ntaneoos 
throughout  almost  its  whole  lenitth.  and  is  plainly  to  be  pereeived  and  felt.  lu  addition  to  this, 
slikditly  external  to  the  niitldle  line  of  the  hand,  is  a  prominenee,  tVe<iuently  well  marked,  but 
occasionally  indlstinet,  Ibrmed  by  the  base  r>f  the  metacarpal  id"  the  middle  finuer.  The  heads  of 
the  metaearpid  Inmes  are  plainly  to  l^ie  felt  and  seen,  rounded  iti  ecuitour  and  standing  out  in  iHidd 
relief  under  the  skin,  when  the  fiat  is  elenehed.  It  sliould  be  Ixinie  in  mind  that  when  the  fin- 
ishers are  flexetl  on  the  hand,  the  artienlar  surfaces  of  the  first  phalanjres  jrlide  off  the  !ieadi*of  tlie 
nuitacarjnd  htuie??  un  to  their  anterior  mLrfaees,  so  th:it  the  heads;  <d"  these  bones  fonn  the  prnm- 
inenee  of  the  knuckles  and  receive  the  fon;c  of  :in>'  hlow  whieh  may  Im^  civen.  The  head  of  the 
third  metacarpal  Ikuic  is  the  most  i»rnminent,  and  receives  the  itreatcr  part  of  the  shitek  of  the 
blow.  Tliis  bone  articulates  with  the  o.s  maiinuui,  .s«j  that  the  eoncussiotj  is  airried  thronirh  this 
bone  to  the  s<"aphoid  and  seniihuiar,  with  which  the  head  of  the  os  mairnuni  articuiati^,  and  by 
the^  Imjucs  h  transferred  to  the  radius*,  alonn  which  it  may  be  carried  to  the  caiiitelhmi  of  ih^ 
humerus.     The  enlarged  extremities  of  the  jdndan^e^  are  to  be  plainly  felt:  they  ibrra  the 
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juinle  of*  tlie  finders.  When  the  digits  are  bent  the  proximiLl  phalanges  of  the  joints  form 
jifooiineiices,  which  in  tht^  joint  between  the  first  ami  scccmil  plialances  is  shglitly  hulloweil,  in 
lowrdaiice  with  the  >rrnovc<l  ssIihjh?  f*r  their  artieular  htnfiu'es.  wliilst  at  tlie  lai-l  ruw  the 
pnmjineiK'e  is  flattened  and  s<]uare- shaped.  In  the  pahn  of  the  hand  the  four  inner  nietacarpal 
h^m  arc  covered  by  mn^^t'le!*.  tendnns.  aiifl  the  palmar  fa^^eia*  and  nn  part  of  them  but  tlieir 
bcadRis  to  be  distiriifut^hed.  Willi  retrard  ti»  ihe  thnndi,  on  the  dorsal  aspect  the  base  of  the 
mctacuriiiai  bone  forois  a  prominence  biilow  the  styloid  pnx-esis  of  the  radium? ;  the  .nliaft  is  to  he 
felt, covered  by  tendons,  terminating  at  \H  head  in  a  flattened  prfmiinenee,  in  front  of  which  can 
W  felt  t  h e  ^^tiix m i>i r  1  \m \wa. 

Surgical  Anatomy. — The  carpal  bones  are  little  liable  to  fVneture,  except  from  extreme 
violeucLN  when  the  parts  are  »o  com  minuted  as  to  necessitate  am(>utation.  Occasionally  they  are 
tie  neat  of  tuben'ular  diseiuse.  The  metacarpal  b<;ine  and  the  pdialanges  are  riot  unfrequently 
broken  tmrn  <lirtvt  violeiice.  The  first  metacarpal  fxaie  is  the  one  most  com muirly  fractured; 
then  the  secnnd,  the  fourth,  and  the  fifth,  the  lliird  hein^  the  one  leas^t  fVcquently  broken. 
There  are  two  diseases  of  the  metacarpal  Ijotie^  and  phalani^^^s  which  rei|uire  st>ecial  mention  on 
*ecuuht  of  the  frec|ueiiey  of  their  occurrence.  One  t.s  tuhercular  dactylitis,  cooiiii^ting  in  a 
<kjM*it  of  tnt>ereular  materia!  in  the  medullary  canal,  expanding  tlie  hone,  with  suksequent 
cwention  and  resulting  nej-njsiH.  The  tUlier  is  chondruma.  which  i^  {arhaps  mr>re  frequently 
found  ill  contiection  with  the  metacarpal  fxmes  ami  phalanges  thati  with  any  other  btjnea. 
They  are  eomnmnly  multiple^  and  may  spring  either  from  the  medullar}'  eanal  or  from  the 
fKinoslenai. 

Development  of  the  Bones  of  the  Hand. 

The  Carpal  Bones  are  eaelj   developed  by  a  ungle  centre.     At  birth  they  are 
artilagiiious.     Ossification  proceeds  in  the  following  order  (Fig.  206):  Iti  the 
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Fig.  206»— Plan  of  the  development  of  tht'  hand. 


M5S  magnum  and  unciform  an  ossific  point  appears  dnring  the  first  year,  the  former 
preceding  the  latter;   in  the  enneifunn,  at  rbe  third  year;  in  the  tnipezinm   and 
^milunar,  at  the  fifth  year,  the  former  preceding  the  latter;   in  the  scaphoid,  at 


uemilunar, 
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taking  a  curved  direction  backward  and  dinvnwar<l,  terminates  at  tlie  middle  of 
the  great  sacro-sciatic  notch.  The  siiribce  of  bone  ini-luded  between  ihe  middle 
and  inft-rior  curved  lines  is  er>neave  from  above  downward,  convex  from  before 
backward,  and  affords  attaebment  to  the  Gluteus  minimus  mu&cle.  Beneath  the 
inferior  curved  line,  and  corresponding  to  the  upper  part  of  the  acetabulum,  is  a 
riuighened  surface  (sometimes  a  depression),  to  which  is  attached  the  reflected 
tendon  of  the  Rectus  ftinoris  muscle. 

The  Intenxal  Surface  (Fig.  :iU8)  of  the  ilium   is  bounded  above  bv  tlie  crest; 
below  it  is  comiriuous  with  the  pelvic  surface  of  the  os  pubis  and  ischium,  a  faiui 
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line  nnly  indicating  the  place  of  union;  and  before  and  behind  it  is  bounded  by 
tliC  anterior  and  posteriiu*  borders.  It  presents  anteriorly  a  large,  smooth,  concave 
surface,  called  the  iHternal  ihae  fosm,  or  veftter  ftf  the  ilium^  which  lodges  the 
Iliacus  muscle,  and  presents  at  its  lower  part  the  orifice  of  a  nutrient  canal:  and 
below  this  a  smooth »  rounded  border  (Iliac  /tort ion  of  the  iitiea  ilio-jyeetinen),  which 
separates  the  iliac  fossa  froui  that  portion  of  the  internal  surface  which  enters  into 
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the  formation  of  the  tme  pelvis,  and  which  gives  attacbment  to  part  of  the  Obturator 
in  tern  us  muscle.     Behiml  the  iliao  fossa  is  a  rough  surface  divided  into  two  por- 
tions, an  anterior  and  a  posterior-     The  anterior  or  aurieular  portion,  80  called  from 
it^  resemblance  in  shape  to  the  ear,  is  coated  with  cartilage  in  the  recent  state,  and 
a^rticulates  with  a  surface  of  similar  shape  on  the  side  of  the  sacrum.     The  posterior 
f>f?rtion  is  rough,  for  the  attachment  of  the  posterior  sacro-iliac  ligaments  and  for 
part  of  the  origin  of  the  Erector  spina:. 
The  crest  of  the  ilium  is  convex  in  its  general  outline  and  sinuously  curved, 
cing  bent   inward  anteriorly,  outwurtl   posteriori j.      It  is  longer  in   tie  female 
^lian  in  the  male,  very  thick  behind,  and  thinner  at  the  centre  tlian  at  the  extrem- 
ities.    It  terminates  at  either  end  in  a  prominent  eminence,  the  anterior  superior 
^nd  posterior  superior  spinous  process.     The  siirtace  of  the   crest  is   broad,  and 
divided  into  an  external  lip,  an  internal  lip,  and  an  intermediate  space.     To  the 
^^xternal  lip  is  attached  the  Tensor  vaginje  fcmoris.  Oblinuus  externns  abdominis, 
^nd  Latissimus  doi-si,  and  by  its  whole  length  the  fascia  lata;  to  tlie  space  between 
the  lips,  the  Internal  oblique ;  to  the    internal   lip,  the  Transversalis,  Quadratus 
lumborum,  atid  Erector  spinae,  the  Iliacus,  and  the  fascia  iliaca. 

The  anterior  border  of  the  ilium  is  concave.  It  presents  two  projections^ 
separated  by  a  notch.  Of  these,  the  uppennost,  situated  at  the  junction  nf  the 
erest  and  anterior  border,  is  called  the  anterior  superior  spinous  proevss  of  the  ilium, 
the  outer  border  of  which  gives  attachment  to  the  fascia  lata  and  the  origin  of 
the  Tensor  vaginae  femoria ;  its  inner  border,  to  the  lliacus;  whilst  its  extremity 
affords  attachment  to  Poupart's  ligament  and  the  origin  of  the  Sartorius.  Beneath 
this  eminence  is  a  notch  which  gives  attachment  to  the  8artorius  muscle,  and 
acrofld  which  passes  the  external  cutaneous  nerve.  Beb>w  the  notch  h  the  afjterior 
inferior  spiuous  proeess,  which  terminates  in  the  upper  lip  of  the  acetabulum  ;  it 
gives  attachtnent  to  the  straight  tendon  of  the  Rectus  fern  oris  muscle  and  the 
ilio-femoral  ligament.  On  the  inner  side  of  the  anterior  inferior  spinous  process 
is  a  broad,  shallow  groove,  over  which  passes  the  lliacus  muscle.  This  groove  is 
bounded  internally  hy  an  eminence,  the  ilio-peetitteal,  which  marks  the  point  of 
union  of  the  iliiiru  ancl  os  pubis. 

The  posterior  border  a£  the  ilium,  shorter  than  the  anterior,  also  presents  two 
projections  separated  by  a  notch,  the  posterior  superior  and  the  posterior  inferior 
spinous  processes.  The  f<trmer  corresponds  with  that  portion  of  the  posterior 
surface  of  the  ilium  which  serves  for  the  attachment  of  the  obli<[ue  portion  of  the 
sacro-iliac  ligaments  and  the  Multifidus  spinfe ;  the  latter  to  the  auricular  portion 
which  articulates  with  the  sacrum.  Below  the  posterior  inferior  spinous  process 
is  a  deep  notch,  the  f/reat  sciatic  or  Hifj-seiatic, 

The  Iscliium  forms  the  lower  and  back  part  of  the  os  innominatum.  It  is 
divisible  into  a  thick  and  solid  portion,  the  bodi/  :  a  large,  rough  eminence,  on  w^hich 
the  body  rests  in  sitting,  the  tuhe*'ositi/  ;  and  a  thin,  ascending  part,  the  ramus. 

The  body,  somewhat  triangular  in  form,  presents  three  surfaces,  external, 
internal,  and  posterior:  and  three  borders,  external,  interiurl,  anti  posterior.  The 
externfiJ  surface  corresjionds  to  that  portion  of  the  acetabulum  formed  by  the 
ischium  :  it  is  smooth  and  concave,  and  forms  a  little  more  than  two^fifths  of 
the  acetabular  cavity  ;  its  outer  margin  is  bounded  by  a  promineiit  rim  or  lip, 
the  external  border,  to  which  the  cotyloid  fibro-cartilage  is  attached.  Below  the 
acetabulum,  between  it  and  the  tuberosity,  is  a  deep  groove,  along  which  the  tendon 
of  the  Obturator  externns  muscle  runs  as  it  passes  outward  to  be  inserted  into 
the  digital  ft»ssa  of  the  fenuir.  The  internal  surfoee  is  smooth,  concave,  and  entei's 
into  the  formation  of  the  lateral  boundary  nf  the  true  pelvic  cavity.  This  surface 
is  perforated  by  two  or  three  large,  vascuhir  foramina,  aurl  affords  attachment  to 
part  of  the  Obturator  internus  muscle.  The  posterior  surfaee  is  quadrilateral  in 
fonn,  bnmd  and  smooth.  Below,  where  it  joins  the  tuberosity,  it  presents  a  groove 
continuous  with  that  on  the  external  surface,  for  the  tendon  of  the  Obturator 
externus  muscle.  The  lower  edge  of  this  groove  is  formed  hy  the  tuberosity  nf  the 
iscbium,  and  affords  attachment  to  the  Gemellus  inferior  muscle.     This  surface  is 
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limited,  in  front,  by  the  margin  of  theaeetaliultiiiT ;  liehind,  by  the  posterior  border ; 
it  8iip|)orts  the  Pyrifnrmis,  the  two  (ieoielli,  and  the  Obtttrator  internuj^  muscles 
in  their  passapfe  outward  to  the  great  trochanter.  The  extenmJ  tmrdvr  form&  the 
prominent  rim  of  the  acetabuhim,  and  .'separates  the  posterior  from  the  external 
surface.  To  it  is  attftched  the  cotyloid  fibro-cartilage.  The  udenml  border  16 
thin,  and  formg  the  outer  circumference  of  the  obturator  foramen.  Thi^  poftcrior 
iffyrder  of  the  body  of  the  ischiuin  presents,  a  little  beh»w  the  centre,  a  thin  and 
pointeiL  triangular  eminence,  the  ftp/ttf  f*f  the  wrhium^  more  or  less  elongated  in 
different  subjects;  its  external  surface  gives  attachment  to  the  Gemelhis  supericir, 
its  internal  surface  to  the  Coccygeus  and  Levator  ani ;  whilst  to  the  pointed 
extremity  is  connected  the  lesser  sacro-sciatic  ligament.  Above  the  spine  m  a 
notch  of  a  large  size,  the  great  sHatic^  converted  into  a  foramen  by  the  leaser 
sacro-yciatic  ligament;  it  transmits  the  Pyriformis  muscle,  the  gluteal  vessels 
and  superior  ghitcal  nerve  passing  out  of  the  j>elvis  above  the  muscles;  the  sci- 
atic vessels,  the  greater  ami  lesser  sciatic  nerves,  the  internal  pudic  vessels  und 
nerve,  and  muscular  branches  from  the  sacral  plexus  below  it.  Below  the  spine 
is  a  smaller  notch,  the  hmer  sciatic  ;  it  is  smooth,  coated  in  the  recent  state  with 
cartilage,  the  surface  of  which  presents  numerous  markings  corresponding  to  the 
subdivisions  of  the  tendon  of  the  Obturator  internus,  which  win^is  over  it.  It  m 
converted  into  n  foramen  by  the  sacroseiatie  ligaments,  and  transmits  the  tendon 
of  the  Obturator  internus,  the  nerve  which  supplies  that  muscle,  and  the  internal 
pudic  vessels  m^d  nerve. 

The  tuberosity  presents  for  examination  three  surfaces :  external,  internal,  and 
inferior.  The  ertctnal  »nrface  is  (piadrilateral  in  shape,  and  rough  for  the  attach- 
ment of  muscles.  It  is  bounded  above  by  the  groove  for  the  tendon  of  the 
Obturator  extern  us;  in  front  it  is  limited  by  the  posterior  margin  of  the  obturator 
foramen,  and  below  it  is  e<mtintious  with  the  ramus  of  the  hone;  behind,  it  is 
bounded  by  a  prominent  margin  which  sefiarates  it  from  the  inferior  suiface.  In 
front  of  this  margin  the  surface  gives  attachment  to  the  Quadrat  us  femoris.  and 
anterior  to  this  to  some  of  the  fibres  of  origin  of  the  Obturator  externus.  The 
lower  part  of  the  surface  gives  origin  to  part  of  the  Adductor  magnus.  The 
internal  »urftire  fortns  part  of  the  bony  wall  of  the  trite  pelvis.  In  front  it 
is  limited  by  the  |)osterior  margin  of  the  obturator  foramen.  Behind,  it  is 
bounded  by  a  sharp  ridge,  for  the  attachment  of  a  falciform  prolongation  of  ihe 
great  sacro-sciatic  ligament ;  it  presents  a  groove  on  the  inner  side  of  this  for  the 
lodgment  of  the  internal  pudic  vessels  and  nerve;  and,  more  anteriorly,  has 
attached  the  Transversus  jieriniei  and  Erector  ]»enis  muscles.  The  ittfiriur  gurf<irf 
is  divided  into  two  portions^ — an  anterior,  rough,  scunewhal  triangular  |>art,  and  a 
jjosterior,  smooth,  *juadrilateral  |»orti<«n.  The  anterior  sui*face  is  snhiJivided  by  « 
prominent  vertical  ridge,  jiassing  from  base  to  ajiex,  into  two  parts;  the  outer  one 
gives  attachment  to  the  Adductor  magnus;  the  inner  to  the  great  sacro*sciatic 
ligament.  The  posterior  portion  is  subdivided  into  two  facets  by  an  oblique 
ridge;  from  tlie  upper  and  outer  facet  arises  the  Semimembranosus;  from  the 
lower  and  inner,   the  Biceps  and  Semitendinosus. 

The  ramus,  ur  ascending  ramns,  is  the  thin,  flattened  part  of  the  ischiuin  which 
a,scends  from  the  tuberosity  npward  and  inward,  ond  joins  the  ramus  of  the  os  pubis, 
their  point  (d*  juncti<»n  being  indicated  iti  the  adult  by  a  rough  line.  The  outer 
surface  of  the  ramus  is  rough,  for  the  attachment  of  the  Obturator  externus  muscle, 
and  also  sotne  fibres  uf  the  Adductor  magnus;  its  inner  surface  forms  part  of  the 
anterior  wall  of  the  ] ►el vis.  Its  inner  border  is  thick,  rough,  slightly  everted,  forms 
part  of  the  outlet  of  the  pelvis,  and  presents  two  ridges  iind  an  intervening  space. 
The  ridges  are  continuous  with  similar  ones  on  the  descending  ramus  of  the  os  pubis ; 
to  the  outer  one  is  attached  the  ileep  layer  of  the  superficial  perineal  fa^icia,  and  to 
the  inner  the  anterior  layer  of  the  triangular  ligament  of  the  perinaeum.  If  these 
two  ridges  are  traced  downward,  tliey  will  be  found  to  join  with  each  other  just 
behind  the  point  of  origin  of  the  Transversus  perin^ei  muscle ;  here  the  two  layers 
of  fascia  are  continuous  behind  the  posterior  holder  of  the  muscle.     To  the  inter- 
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:  space,  just  in  front  of  the  point  of  junction  of  the  ridges,  is  attached  the 
versus  perin^ei  muscle,  and  in  front  of  this  a  portion  of  the  crus  penis  vel 
clitoridi^  and  the  Erector  penis  vel  clitoridis  muscle.  Its  outer  border  is  thin  and 
sharp,  and  forms  part  of  the  inner  margin  of  the  ohturator  foramen. 

The  Oa  Pubis  forms  the  anterior  part  of  theos  innominatum,  and,  with  the  bone 
of  the  opposite  side,  form^  the  frrmt  boundary  of  the  true  ]>elvie  cavity.  It  is 
divisible  into  a  body,  a  horizontal   ramus,  and  a  descending  ramus. 

The  body  is  somewhat  quadrilateral  in  shape,  and  presents  for  examination  two 
surfaces  and  innv  borders.  The  anterior  surface  is  rough,  directed  forward,  down- 
ward*  and  outward.  To  the  upper  and  inner  angle,  immediately  below  the  crest, 
is  attached  the  Adductor  longus ;  lower  down,  from  without  inward,  are  sittached 
the  Obturator  externus,  the  Adductor  brevis,  and  the  upper  part  of  the  Gracilis. 
The  po»fetior  mrface^  convex  from  above  downward,  concave  from  side  to  side,  is 
smooth,  and  forms  part  of  the  anterior  wall  of  the  pelvis.  It  «:ives  attuchment 
to  the  Levator  ani,  Obturator  internus,  a  few  muscular  fibres  prolonged  from  the 
bladder,  ami  the  pu  bo-pros  tat  ic  ligaments.  On  the  outer  end  of  the  njtper  bortkr^ 
at  about  its  junction  with  the  horizontal  ramus,  there  is  a  prominent  tubercle  called 
the  vtjfint* ;  to  it  is  attached  the  outer  pillar  of  the  external  abdominal  ring  and 
Ponpart's  ligament.  Passing  outwsird  from  the  spine  is  a  proniintnt  ridge,  puhlc 
portion  of  the  ilio-peetineal  line,  which  marks  the  brim  of  the  true  |ieh  is :  to  it  is 
attached  a  portion  of  the  conj*>ined  teudon  of  the  Interual  obliiiue  and  Transver- 
salis  muscles,  Gimbernat's  ligament,  and  the  triangular  ligament  of  the  abdomen. 
Internal  to  the  spine  is  the  upper  border  or  crent,  which  extends  to  the  inner  bor- 
der of  the  bone.  It  affords  attachment  anteriorly  to  the  conjoined  tendon  of  the 
Internal  oblique  and  Transversal!^,  and  posteriurly  to  the  Rectus  and  Py ramidalis 
muscles.  The  point  of  junction  of  the  crest  with  the  inner  border  of  the  bone  is 
called  the  ait*jle :  to  it,  as  well  as  to  the  symphysis,  is  attached  the  internal  pdlar 
of  the  external  abdominal  ring.  The  inner  border,  together  w  ith  that  of  the  bone 
of  the  opposite  side,  forms  the  symphysis;  it  is  ovab  covered  by  eight  or  nine 
transverse  ridges,  or  a  series  of  nipple-like  processes  arranged  in  rows,  separated 
by  grooves ;  they  serve  for  the  attachment  of  a  thin  layer  of  cartilage  placed 
between  it  and  the  central  libro-cartilage.  The  outer  border  is  sharp  and  forms 
part  of  the  circumference  of  the  obturator  foramen.  The  lower  border  is  united 
to  the  descending  ramus. 

The  boiizDntal  ramus  extends  from  the  body  to  the  point  of  junction  of  the  os 
pubis  with  the  ilium,  anil  forms  the  upper  part  of  the  circumference  of  the  obturator 
foramen.  It  presents  for  examination  a  superior,  inferior,  and  jjosterior  surface,  and 
an  outer  extremity.  The  miiferiffr  Horfaee  presents  u  continuation  of  x\\q  puble pioiinu 
of  the  ilio-pectineal  line,  already  mentioned  as  commencing  at  the  »pine  of  the  bone. 
In  front  of  this  ridge  the  surface  of  bone  is  triangular  in  form,  wider  externally  than 
internally,  smooth,  and  affords  attachment  to  the  Pectineus  muscle.  The  surface 
is  bounded  externally  by  a  rough  eminence,  the  iUo-pectineaL  which  serves  to 
indicate  the  point  of  junction  of  the  ilium  mul  pubes,  and  gives  attachment  to 
the  Psoas  parvus  when  this  muscle  is  jiresent.  The  ififerior  snrfoee  forms  the 
upper  boundary  of  the  cibtorator  foramen^  and  j>resents  externally  a  broad  and 
dee|>  oblique  groove,  for  the  passage  of  the  obturator  vessels  and  nerve:  and 
internally  a  sharp  margin  which  forms  part  >f  the  circumference  of  the  obturator 
foramen,  and  to  which  the  obturator  membrane  is  attached.  The  posterior  sit rfaee 
fomis  pan  of  the  anterior  boundary  of  the  true  pelvis.  It  is  smooth,  convex  from 
above  downward,  and  affords  attachment  to  the  upper  fibres  of  the  obturator 
internus.  The  outer  ej^treriufff,  the  thickest  part  of  the  ramus,  forms  one-fifth  of 
the  cavity  of  the  acetabidtim. 

The  descendiiig  ramus  of  the  os  pubis  is  thin  and  flattened.  It  passes  outward 
and  downward,  becoming  narrower  as  it  descends,  and  joins  with  the  ramus  of  the 
ischium.  Its  antvrior  surfaee  is  rough,  for  the  attachment  of  muscles — the  Gracilis 
along  its  inner  border;  a  portion  of  the  Obturator  externus  where  it  enters  into 
the  formation  of  the  foramen  of  that  name;  and  between  these  two  muscles  the 
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Adductores  brevis  and  magmis  from  within  outward.  The  pottfertor  surface  is 
smooth,  and  gives  attaeliriifnt  to  the  Obturator  internum  and,  close  to  the  inner 
margin,  to  the  Com  pressor  iirethrai;.  The  in  ttrr  ton  i*r\^  thick,  rough,  and  everted, 
e.s|iecially  in  females.  It  presents  two  ridges,  se]>anited  by  an  intervening  space. 
The  ridges  extend  downward,  and  are  continuutja  with  similar  ridges  on  the 
ascending  ramus  of  the  ischium ;  to  the  external  one  is  attached  the  deep  layer  of 
the  superficial  jierineal  fascia,  and  to  the  internal  one  the  anterior  layer  of  the 
triangular  ligament  of  the  perinfeum.  The  offler  bonier  is  tbin  and  sharp,  forms 
part  of  the  circiimfereoce  of  the  obturator  foramen,  and  gives  attachment  to  the 
obturator  membrtme. 

The  cotyloid  cavityi  or  acetabulum,  is  a  deep,  cup-shaped,  hemispherical 
depression,  directed  downward,  mitward,  Mud  forward  ;  formed  internally  by  the 
OS  pubis»  above  by  the  ilium,  behind  and  below  by  the  ischium,  a  little  less  than 
two-fifths  being  fumed  by  the  ilium,  a  little  more  than  two-fifths  by  the  ischium, 
and  the  remaining  fifth  by  the  |Hibic  bone.  It  is  bounded  by  a  prominent,  uneven 
rim,  which  is  thick  and  strong  above,  and  serves  ihv  tbe  attachment  of  a  fibro- 
cartilaginous structure  which  contracts  its  orifice  and  deepens  tbe  surface  for 
articulation.  It  presents,  on  its  inner  side,  a  deep  notch*  tbe  eot^ifloidnofeh,  which 
is  continuous  with  a  circular  depression,  the  fossa  aeetabuli,  at  tbe  bottom  of  the 
cavity:  this  depression  is  ]>erfo rated  by  numerous  ajiertores,  lodges  amass  of  fat, 
and  its  margins,  as  well  sis  those  of  tbe  notch,  serve  for  tbe  attachment  of  the 
liganienlum  teres.  Tbe  notch  is  converted,  in  tbe  natural  state,  into  a  foramen  by 
a  dense  ligamentous  ban<l  which  passes  across  it.  Through  this  foramen  tlie 
nutrient  vessels  and  nerves  enter  the  joint. 

Tbe  obturator  or  thyroid  foramen  is  a  large  aperture  situated  between  the 
ischium  and  os  pubis.  In  tbe  male  it  is  large,  of  an  oval  form,  its  longest  diameter 
being  obliquely  from  above  downward:  in  the  feouile  it  is  smaller  and  more 
triangular.  It  is  bounded  by  a  thin,  uneven  margin  to  which  a  strong  membrane 
is  attached;  and  presents  at  its  upper  siud  outer  part  a  deep  groove  which  runs 
from  the  pelvis  oblit^uely  forward,  inward,  and  downward.  This  groove  is  converted 
into  a  foramen  by  the  obturator  membrane,  and  transmits  the  obturator  vessels 
and  nerve, 

Stmcttire.— This  Inme  consists  of  much  cancellous  tissue,  especially  where  it  is 
thick,  enclosed  between  two  layers  of  dense,  comjiact  tissue.  In  the  thinner  parts 
of  the  bone,  as  at  tbe  bottom  of  the  acetabulum  and  centre  of  the  iliac  fossa,  it  is 
usually  scmitransparent,  and  composed  entirely  of  compact  tissue. 

Development  {Fig.  209).^ — By  t-^V/Af  centres:  three  primary — one  for  the  ilium, 
one  for  the  ischium,  and  one  for  the  os  pubis;  and  fire  secondary— ^>ne  \or  the 
crest  of  the  ilium,  one  for  the  anterior  inferior  spinous  process  (said  to  occur  more 
frequently  in  the  male  than  the  female),  one  for  tbe  tuberosity  of  the  ischium,  r»ne 
for  the  symphysis  pubis  (more  fre*juent  in  the  female  than  the  male),  and  one  for 
the  Y-ehaped  piece  at  the  bottom  of  tbe  acetabulum.  These  various  centres  appear 
in  the  following  order:  First,  in  ihe  iliutn,  at  the  lower  part  of  the  bone,  imme- 
diately above  the  sciatic  notch,  at  about  the  eighth  or  ninth  week  ;  secondly,  in  the 
body  of  the  ischium,  at  about  the  third  month  of  foetal  life  ;  thirdly,  in  the  body  of 
the  OS  jud)is,  between  the  fourth  nnd  fifth  months.  At  birth  tbe  three  primary 
centres  are  fjuite  separate,  the  crest,  tbe  bottom  of  the  acetabulnui,  and  the  rami 
of  the  ischiutn  and  pubes  being  still  cartilaginous.  At  about  the  seventh  or  eighth 
year  the  rami  of  the  os  pubis  and  ischium  are  almost  completely  ossified-  About 
the  thirteenth  or  fourteenth  year  tbe  three  divisions  of  the  Ixme  have  extended 
their  growth  into  the  bottom  of  the  acetabulum,  being  separated  from  each  other 
by  a  Y-shaped  portion  of  cartilage,  which  now  presents  traces  of  ossification,  often 
by  two  or  more  centres.  The  ilium  and  ischium  then  become  joined,  and  lastly 
the  OS  pubis,  through  the  intervention  of  this  Y-shaped  portion.  At  about  the  age 
of  puberty  ossification  takes  place  in  each  of  the  remaining  portions,  and  they 
become  joined  to  the  rest  of  tbe  bone  about  the  twenty-fifth  yean 

Articulations. — With  its  fellow  of  iht*  opposite  side,  the  sacrum,  and  femur. 
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Attachment  of  Muscles. — To  the  iUum^  sixteen.  To  the  outer  lip  of  the  crest, 
the  Tensor  va^iiue  femrui.s.  Obi iq mis  ex  tern  us  abdominis,  and  Latissiniiis  dorsi ; 
to  the  internal  lip,  the  Iliacus,  Transversalis,  Qnadratus  hmiliorum,  and  Erector 
fipinae  ;  to  the  interspace  between  the  lips,  the  Obliquus  internua.  To  the  outer 
surface  of  the  ilium,  the  Gluteus  maxim  us.  Gluteus  medium.  Gluteus  minimus, 
reflected  tendon  of  the  Rectus  ;  to  the  upper  part  of  the  great  sacro-sciatic  notch,  a 
portion  of  the  Pynformi^;  to  the  internal  surface,  the  Iliacjis;  to  that  portion  «>f 
the  internal  surface  below  the  linea  ilio-]>ectinea,  the  Obturator  intei*nus,  and  the 
MultifidtLS  spime  to  the  internal  surtaee  of  the  {(O.^terior  superior  spine;  to  the - 
anterior  border,  the  Sartorius  and  straiji^ht  tendon  <*f  the  Rectus.  To  the?i/7/m//(, 
fourteen.  To  the  outer  sui^ace  of  the  ramuB,  the  Obtiirati>r  ex  tern  us  and  Adductor 
magnus  ;  to  the  internal  surface^  tbeAlbtnrator  internusu^ind  Erector  penis.  To  the 
spine,  the  Gemellus  superior.  Levator  ani,  and  Coccygeus.  To  the  tuberosity,  the 
Biceps,  Semitendinosus,  Semimembranosus,  Quadmtus  femoris, /Adductor  magnusJ 

n..  ^„\4  —„#*--  ]  Three  prinmry  (JHum,  Uchium,  and  Om  pHhit). 
Bif  «9W  centre*  j  ^.^^  Secmdary. 


^> 
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3.  aymph^i^  pubU  \ 
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Thi  three  prima rtf  centrfn  uniff  through  Y-ahaprd  pieff  nhout  puhfrtif. 
EpiphjfHM  appear  nhofti  pnherlii,  ami  unite  ahoHi  JfSth  iffttr. 

Fig.  2D9,  — Pliiu  of  the  development  of  the  oa  Itmouiiuatum. 

Gemellus  inferior,  Transversus  per  jnBei|  [Erector  penis  J     To  the  as  puhis^  sixteen: 
I^Obliquus  externuslpbliquns  internysJjTransversalisJ  ReetiLs,  Pyramidiilis,  Psoas 
I  parvus,  Pectineus,  Adtluctor  luagnus,  AdiUictor  lon-^iU,  Adductor  hrevis.  Gracilis, 
Obturator  externus  and  internus.  Levator  ani.  Compressor  urethr^^,  and  occasion- 
ally a  few  fibres  of  the  Accelerator  uriniie. 

The  Pelvis  (Figs.  210,  211). 

The  Pelvis,  so  called  from  its  rc^setnbhince  to  a  basin  (L,  pelrisy  is  stronger 
and  more  massively  constructed  than  eilher  the  cranial  or  thonicic  cavity:  it  is  a 
bony  ring,  interposed  between  the  lower  end  of  the  spine*  which  it  stipports,  and 
the  lower  extremities,  upon  which  it  rests.  It  is  composed  of  four  bones  :  the  two 
la  innominati.  which  bound  it  on  either  side  and  in  fnmt,  and  the  sacrum  and 
Bcvx,  which  complete  it  behind. 
The  pelvis  is  divided  by  a  plane  passjui:  through  the  prominence  of  the  sacrum, 
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ilio^pectinea,  and  the  upper  rnjirgin  of  the  s}Tnphjsis  pubis  into  the  false 
pelvis. 
ffklfie   pelvis  is   jill    tbaf   expanded   portion  of  the  pelvic  cavity  which  is 
above  this  plane.     It  is  hoiindeil  on  each  aide  by  the  ossa  ilii ;   in  front  it 


Fi-i.  2U].-Miile  pelvis  (nilult .. 


in  incomplete,  presenting  a  wide  interval  between  the  spinous  processes  of  the  ilia 
on  either  side,  which  is  filled  up  in  fhe  recent  state  by  the  parietes  of  the  abdomen ; 


Fio.  211,— Ftmmle  pelvts  t»<JuU). 

behind,  in  the  middle  line,  is  a  deep  notch.  ThiM  hroad^  shallow  cavity  is  fitted 
to  support  the  iuiestines  and  to  transmit  part  of  their  weight  to  the  anterior  wall 
of  the  abdtimen,  and  is,  in  fact,  really  a  porti<m  of  the  abdominal  cavity.  The 
term  fiilse  (leh  is  is  incorrect,  tiuA  das  Hpuee  oiigbt  more  properly  to  be  regarded  as 
part  of  the  hypogastric  region  «>f  the  uhdfmR'n, 

The  true  pelvis  is  all  that  part  of  tlie  pelvic  cavity  which  is  situated  beneath 
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the  plane.  It  is  smaller  than  the  false  pelvis,  but  its  walls  are  more  perfect.  For 
coavenience  of  descnptioii  it  is  divided  into  a  superior  circumference  or  inlet,  an 
inferior  circumference  or  outlet,  and  a  mvity. 

The  superior  drcuinfereiice  fonns  the  margin  or  britn  of  the  pelvis,  tho  included 
fipace  being  called  the  inht.  It  is  formed  by  the  liiu-a  ilin-pectinea,  eotupleled  in  front 
l>V  the  crests  of  the  pubic  bones,  and  behind  by  the  anterior  margin  of  the  base  of 

sacrum  and  s aero- vertebral  angle.  The  inlei  of  the  pelvis  is  somewhat  hcart- 
»ped.  obtusely  pointed  in  front,  div^erging  on  either  siile,  and  encroached  upon 
ehind  by  the  projection  forwnrd  of  the  promontory  of  the  sacrum.  It  has  three 
|irincipal  diameters:  antero-posterior  (sacro-pwbic),  transverse,  and  obli([ue.  The 
anteroposterior  extends  from  the  sacro-vertehral  angle  to  the  symphysis  pubis ; 
its  average  measurement  is  four  inches  in  the  male,  four  and  three-<|uarters  in  the 
female.  The  transverse  extends  across  the  greatest  width  of  the  inlet,  from  the 
middle  of  the  brim  on  one  side  to  the  same  point  on  the  opposite ;  its  average 
nieasurement  is  four  and  a  half  in  the  male,  five  and  a   quarter  in    the   female* 

I  The  oblique  extends  from  the  margin  of  the  pelvis,  corresponding  to  the  ilio- 
pectineal  eminence  on  one  side^  to  the  sacro-iliac  symphysis  on  the  opposite 
side;  its  average  measurement  is  four  and  a  quarter  in  the  male,  and  five  in 
I  the  female. 
t-i  The  cavity  of  the  true  pelvis  is  bounded  in  front  by  the  symphysis  pubis; 
behind,  by  the  concavity  of  the  sacrum  and  coccyx,  which,  curving  fcirward  above 
aud  below^  contracts  the  inlet  and  outlet  of  the  canal ;  and  laterally  it  is  bounded 
by  a  broad,  smooth,  quadrangular  surface  of  hone*  corresptmding  to  the  inner 
surface  of  the  body  of  the  ischium  and  that  part  of  the  ilium  which  is  below 
the  ilitHpectineal  line.  The  cavity  is  shallow  in  front,  measuring  at  the  sympby- 
sis  an  inch  and  a  half  in  depth,  three  inches  and  a  half  in  the  middle,  and  four 
inches  and  a  half  posteriorly.  From  this  description  it  will  he  seen  that  the 
cavity  of  the  pelvis  is  a  short,  curved  canal,  considerably  deeper  on  its  posterior 
J  ban  on  its  anterior  wall,  and  broader  in  the  tniddle  than  at  either  extremity,  from 
the  projection  forward  of  the  sacro-coccygeal  column  above  and  below.  This 
cavity  contains,  in  the  recent  subject,  the  rectum,  bladder,  and  part  of  the  organs 
of  generation.  The  rectum  is  placed  at  the  back  of  the  pelvis,  and  correspontls  to 
the  curve  of  the  sacro-coccygeal  column  :  the  bladder  in  front,  behind  the  symphysis 
pubis.     In  the  female  the  uterus  and  vagina  occuj^y  the  interval  between   these 

(parts. 
The  lower  circnmfereEce  of  the  pelvis  is  very  irregular,  and  forms  what  is 
called  the  outlef.  It  ia  hounded  by  three  prominent  eminences:  one  posterior, 
formed  by  the  point  of  the  coccyx  ;  and  one  on  each  side,  the  tuberosities  of  the 
ischia.  These  eminences  are  separated  by  three  notches ;  one  in  front,  the  pifhn* arrh^ 
formed  by  the  convergence  of  the  rami  of  the  ischia  and  pubic  bones  on  each  side. 
The  other  notches,  one  on  each  side,  are  formed  by  the  sacrum  and  coccyx  behind, 
the  ischium  in  front,  and  the  ilium  above  ;  they  are  called  the  Kaero'Sciafie  notches  ; 
in  the  natural  state  they  are  converted  into  foramina  by  the  lesser  and  greater 
sacro-sciatic  ligaments.  In  the  recent  stale,  when  the  iigamenls  are  in  niUi,  the 
outlet  of  the  pelvis  is  lozenge-shaped,  bounded  in  front  by  the  subpubic  liga- 
ment and  the  rami  of  the  os  pubis  and  ischium  ;  on  each  side  by  the  tuberosities 
of  the  ischia ;  and  behind  by  the  great  sacro-sciatic  ligaments  and  the  tip  iff  th« 
coccyx. 

.  The  diameters  of  the  outlet  of  the  pelvis  are  two,  antero-posterior  and  trans- 
verse. The  antero-po»tt'rior  extends  from  the  ti]>  of  the  coccyx  to  the  lower  part 
of  the  symphysis  pubis;  its  average  measnremeoi  is  three  and  a  (juarter  inches  in 
the  Uiale  and  five  in  the  female.  The  antero*posterior  diameter  varies  with  the 
length  of  the  coccyx,  and  is  capable  of  increase  or  diminution  on  account  of  the 
mobility  of  that  hone.*     The  tranm'er»t*  extends  from  the  posterior  jiart  of  one 

'Ttie  nieasureiiienb*  of  the  fielvi>  efiven  al>ove  are,  I  believe^  fuirly  net'urate,  Uut  ditibrent  menm- 
ur^tnents  an*  given  by  varimi*,  authors^  no  doubt  due  in  a  great  niwistire  to  diflfereiiee«  in  the  pbys- 
iqiie  mod  stature  of  the  population  from  whom  the  meaBurements  have  been  taken.    The  accompany* 
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ischiatic  tuberosity  to  the  same  point  on  the  oppoBite  side :  the  average  measurement 
is  three  iiinl  ft  half  inches  in  the  niale  and  four  and  tliree-quarter^  in  the  female. 
Position  of  the  Pelvis, — -Iii  the  erect  jiosture  tlie  pelvis  is  plactni  obliquely 
with  regurd  to  the  trunk  of  the  body  :  the  hnny  riug^  whieh  separates  the  true 
from  the  false  pelvi.^,  and  which  forms  the  essential  part  of  the  pelvis,  is  |>laced  so 
as  to  form  an  angle  of  about  60°  to  65°  with  the  ground  on  which  we  stand.  The 
pelvic  surface  of  the  symphysis  pubis  looks  upward  and  backward,  the  eoneavity 
of  the  sacrum  and  coccyx  downward  and  forward,  the  base  of  the  sacrum  in  well- 
formed  female  bodies  being  nearly  ftmr  inches  above  the  upper  border  of  the 
symphysis  pubis,  and  the  apex  i>f  the  coccyx  a  little  more  than  half  an  inch  above 
its  lower  border.  The  ob]if(uity  is  much  greater  in  the  fetus  and  at  an  early 
period  of  life  than  in  the  adult.  In  ctuisequeoce  of  this  fdjli*juity  of  the  pelvis 
the  line  of  gravity  of  the  head,  which  passes  through  the  middle  of  the  odontoid 
process  of  the  axis  and  through  the  jioints  of  junction  i^f  the  curves  of  the  veriebi^l 
column  to  the  sacro-vertebral  angle»  descends  towaril  tlie  front  of  the  cavity,  «w> 
that  it  bisects  a  line  drawn  transversely  through  the  njiddle  of  the  heads  of  the 
thigh-hf>nes.  And  thu.*^  the  centre  of  gravity  of  the  head  is  placed  imniedialely 
over  the  heads  of  the  thigh-bones  on  which  the  trunk  is  supported. 

Axes  of  the  Pelvis  (Fig.  "IVl). — The  jdane  of  the  inlet  of  the  true  pelvis  will  be 
represented  hy  a  line  drawn  from  the  base  of  the  sacrum  to  the  upper  nuirgin  of 
the  symphysis  pubis.  A  line  carried  at  right  angles  with  this  at  its  middle  would 
correspond  at  one  extremity  with  the  umbilicus,  and  at  the  nther  with  the  middle 
of  the  coccyx  i  the  axis  of  the  inlet  is  therefore  directed  downward  and  backward. 
The  axis  of  the  outlet,  produced  upward,  would  touch  the  base  of  the  sacrum, 
and  is  therefore  directed  downward  and  forward.  The  axis  of  the  cavity  is 
curved  like  the  cavity  itself;  this  curve  corresponds  to  the  concavity  of  the  sacrum 

and  coccyx,  the  extremities  benng  indicated  by 
the  central  points  of  the  inlet  and  outlet.  A 
knowledge  of  the  diix'ction  of  these  axes  serves  to 
explain  the  course  of  the  fietus  in  its  passa; 
through  the  pelvis  during  parturition.  It  is  alsty 
important  to  the  surgeon,  as  in^lieating  the 
direction  of  the  iorce  reijui red  in  the  removal  of 
calculi  from  the  bladder,  and  as  determining  the 
direction  in  which  iustrunients  should  be  used  in 
operations  upon  the  jKdvir  viscera. 

Differences  between  the  Male  and  Female 
Pelvis.— The  A'/J""^^'  pelvis,  IcMjked  at  as  a  whole. 
is  distinguished  from  the  m<fh'  by  the  bones  being 
more  delicate,  by  its  width  being  greater  and  its 
depth  smaller.  The  whole  |ielvis  is  less  tnassive, 
and  its  bones  are  lighter  and  nioi*e  slender,  and 
its  noiscidar  impressions  are  slightly  marked. 
The  iliac  fossa?  are  broad  and  expanded,  and  ibe 
anterior  iliac  spines  widely  separated;  hence  the 
greater  prominence  of  the  hips.  The  inlet  in 
the  female  is  larger  than  in  the  male ;  it  is  more 
nearly  circular,  and  the  sacro*vertebral  angle 
projects  less  forward.  The  caviti/  is  shallower  and  wider ;  the  sacrum  is  shorter 
and  wider,  and  its  lower  half  forms  a  greater  angle  with  its  upper;  the  obtunitor 
foramina  are  triangular,  and  smaller  in  size  than  in  the  male.  The  outlet  is 
larger  and  the  coccyx  more  movable.     The  spines  of  the  ischia  project  less  in- 

ing  ciiart  Ujls  bt'en  fortaulat<?d  to  show  the  roeaHurement^  of  the  iielvia,  whkh  are  adopted  by  m^nf 

Orett'tricmnii. — Ed. 
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ward*  The  tuberosities  of  the  i^cliia  uml  the  acetabula  are  wider  apart.  The 
pubic  arch  is  wider  and  more  rounded  than  in  the  male,  where  it  is  an  angle 
rather  than  an  arch;  its  pillars  are  somewhat  excavated,  and  sloped  from  within 
outward,  so  that  iheir  inner  surfaces  look  forward.  In  eonse^ufnee  of  this  the 
width  of  the  fore  part  of  the  pelvic  outlet  is  much  increaijed  and  die  passage  of  the 
fcetal  head  ftvcilitated. 

The  size  of  the  pelvis  varies,  not  only  in  the  two  sexes,  but  also  in  different 
members  of  the  same  sex.  This  does  not  appear  to  be  intlueneed  in  any  way  by 
the  height  of  the  individual.  Women  of  short  stature,  as  a  ride,  have  bi*oad  pelves. 
Occasionally  the  pelvis  is  equally  contracted  in  all  its  dimensions,  so  much  so  that 
all  its  diameters  measure  an  inch  less  than  tlie  average,  and  this  even  in  women 
of  average  height  and  otherwise  well  formed.  The  principal  divergences,  however, 
are  found  at  the  inlet,  and  affect  the  relation  of  the  antero-posterior  to  the  transverse 
diameter.  Thus  we  may  have  a  pelvis  the  inlet  of  which  is  elliptical  either  in  a 
transverse  or  antero-posterior  direction;  the  transverse  diameter  in  the  former 
and  the  antero-posterior  in  the  latter  greatly  exceeding  the  otlier  diameters.  Again, 
the  inlet  of  the  pelvis  in  some  instances  is  seen  to  he  almost  circulat\ 

The  same  differences  are  foiuni  in  various  races.  European  women  are  said  to 
Lave  the  most  roomy  pelves.  That  of  the  negress  is  smaller,  circular  in  shape,  and  with 
a  narrow  pubic  arch.     The  Hottentots  and  Bush  women  possess  the  smallest  pelves. 

In  ihe  f*ftu^  and  for  several  years  after  birth  the  pelvis  is  small  in  projiortiun 
to  that  of  the  adult.  The  cavity  is  deep,  and  the  projection  of  the  sacrr>vertebral 
angle  less  marked.  The  antero-posterior  and  transverse  diameters  are  nearly 
equal.  About  puberty  the  pelvis  in  both  sexes  piTsents  the  general  cliaracters  of 
the  adult  male  pelvis;  but  aft*- r  puberty  it  acquires  its  proper  sexual  characters. 

Suiface  Form. — The  pelvic  boues  are  im  thickly  covered  with  muscles  that  it  is  urdy  at  cer- 
Uia  pi>iijt4i  that  they  api>ruai  h  the  surface  aod  can  he  felt  through  the  skin.  In  front,  the 
jIM^rior  superior  sjiinoua  proL'Css  is  easily  to  be  recopiized;  a  portion  oi"  it  is  .subcutaimius, 
■bd  10  thill  siihjeets  aiay  be  seen  to  stand  out  as  a  immiiaenee  at tae  outer  extnuiity  ul'  the  it»ld 
of  the  ;Lrro»ii.  In  fat  suhjeiis  its  position  is  marked  by  i\\\  oblique  depres^it>n  amongst  l\\v  sur- 
roandiojf  fat,  at  the  bottom  of  which  the  b^juy  process  may  Ix^  ielt.  Proceeding  upwani  and 
outward  tninu  this  process,  tbe  credit  of  the  ilium  may  be  traced  rhroiiLdiout  its  wbcile  lengthy 
sinuously  curvetb  It  is  represented,  in  musttalar  sul>icet8  on  the  nurtace,  by  a  ^Toove  or  fur- 
row, the  iliac  furrow^  caused  by  the  pmjeetion  of  fteyliy  tibres  of  the  Kxtemal  oblique  nniscle 
of  the  abdomen.  It  terminates  behind  in  the  posterior  snnerior  spinous  process,  the  position 
of  whic'h  i»  indicated  by  a  slight  depre^ssion  on  a  level  with  and  on  each  jiide  of  tbe  spinous 

Eroceas  of  the  second  siicral  vertebra.  Between  the  two  posterior  superior  spinous  processes, 
ut  at  a  lower  levels  ift  to  be  ielt  the  i^ni nous  process  of  the  third  sacral  vertebra  fsee  page  1 64). 
Anr»lher  part  of  the  bony  pelvis  wbien  is  easily  accessible  to  the  touch  is  the  tubentHity  of  the 
a^diium,  situated  beneath  the  gluteal  t'oKi  and,  when  the  hip  is  flexed,  easily  to  be  feU,  as  it  is 
then  to  a  great  extent  uncovered  by  mut^le.  Finally,  the  spine  of  the  os  pubis  can  always  be 
readily  felt,  and  constitutes  im  iajportant  sur^'ical  ^nide,  especially  in  connect  ion  with  the  Bub- 
j*?ct  of  hernia.  It  is  nearly  in  the  same  horizontal  line  with  the  upper  edge  of  the  great  tro- 
chanter In  thin  subjects  it  is  very  apparent,  but  in  the  obese  it  is  obscured  by  the  pubic  fat. 
It  can.  however,  be  detected  by  following  up  tbe  tendon  of  origin  of  the  Adductor  longus 
muscle. 

Surgical  Anatomy. — There  is  arrest  of  development  in  the  bones  of  the  pelvis  in  cases 
of  extn^version  of  the  bladder;  the  anterior  part  t>f  the  pelvic  girdle  being  ileficient,  the  l»Mliea 
of  the  pubic  bones  im|>eri*eetly  develojwd,  and  the  svtuphysis  absent.  The  pubic  bones  are 
separat^  ti>  the  extent  of  from  two  to  four  inches,  the  Bnperior  rami  shorteneti  and  dirctied 
forwanl.  and  the  obturator  foramen  diminished  in  ske,  narrowed,  and  tunieil  outward.  The 
iliac  bones  are  straightened  out  more  than  n4>rnral  The  sacnim  is  \i'ry  i>ecniiar.  The  lateral 
curve,  insteml  of  bein^  concave,  is  flattened  out  or  even  convex,  with  the  jlio-sacnil  facets 
tamed  more  outward  than  normal  while  the  vertical  curve  is  straightened.* 

Fractures  of  the  pelvis  are  divided  into  fractures  of  the  false  pelvis  and  of  the  true  pelvis. 
Fractures  of  the  false  pelvis  varj^  in  exterU :  a  small  portion  of  the  crest  may  be  broken  or  one 
of  the  spinous  processes  may  be  torn  ofl;',  jmd  this  may  be  tbe  result  of  muscnlar  action  ;  or  the 
bone  may  be  extensively  com  minuted.  This  latter  accident  is  tbe  result  of  sc»me  crushing  vio- 
lence* and  may  be  complicated  with  fracture  of  the  true  fielvis.  These  cases  may  be  aet*om- 
fianied  by  injnr>^  to  the  intestine  as  it  lies  in  the  Imlluw  of  the  bone,  or  to  the  iliac  vessels  as 
they  coufse  alon^;  the  mar>;in  of  the  true  pelvis,  FraL'tiires  of  the  true  pelvis  generally  occur 
tlirough  the  horiEonta!  ramus  of  tbe  os  pubis  and  the  ast^ending:  ramus  of  the  isidnum,  its  this 
is  the  weakest  part  of  the  kxmy  ring,  and  niay  be  caused  either  by  crushing  violence  applied 

'  Wood.     Heath's  Diciionwy  of  Practi&il  Surgery f  i.  426. 
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in  an  anteroposterior  direotioih  when  rlie  fnictun?  nccurs  from  direct  forfx*,  or  by  compresuioii 
lateriilly.  when  the  acetahula  are  prfS^od  together,  ami  tlie  hone  gives  way  in  llie  ^anie  jilAce 
from  indirect  violence,  Occius  ion  ally  the  fracture  inuy  he  <U»ubk\  occurring  oti  Ixjth  srde^  of  the 
h;}i\\\  It  iti  in  these  ea,se»  that  injury  to  the  eoutiiined  viscera  is  hable  to  take  place  :  the  urethra, 
the  bladder,  the  rectum,  the  vaicina  in  the  female,  the  small  iiit'estirjcs;  ajitl  even  ihe  uterus, 
have  all  been  lacerated  by  a  disiilaced  JViiijment,  Frai-tures  of  the  acetabulum  are  oocasioruillv 
met  with :  either  a  portion  of  trie  rinj  may  bo  Ijroken  off,  ur  a  fracture  may  take  plae^  tbruugh 
the  Imttom  of  the  ca'vity,  and  the  head  of  the  femur  driven  inward  and  project  into  the  peJvic 
cavity,  Separatioij  of  the  Y-nhaiMjd  eartilajLie  at  the  boltoni  of  the  acetauulum  may  aisi>  occur 
in  the  j'ounii:  subject^  separating  the  bone  into  its  three  amitomieal  portions. 

The  sacrum  is  occiusioiially,  hut  rarely,  broken  by  direct  violence — L  c  blows,  kicks,  or  falb 
on  the  part»  The  lesion  may  lie  ctjrapHvated  with  injury  to  the  nerves  of  the  i^^aeral  plexus, 
leadirjsf  to  paralysis  and  loss  of  sensation  in  the  lower  extremity,  or  to  incontinence  of  faeces 
from  paralysis  of  the  sidiincter  ani. 

The  pelvic  bones  oiVeu  underj^o  important  deformity  in  rickets,  the  effect  of  which  in  the 
adult  woman  may  interfere  seriously  with  ehildt)earini?.  In  consequence  of  the  yielding  nature 
i>f  tlie  bones,  the  acetabula  hecome  approxiuiafed,  tlie  symphysis  is  pushed  forward^  and  the 
antrro-i>osterior  diameter  lessened,  Tn  osteo-malaeia  also  great  deformity  may  occur,  the  |>el?" 
liecnming  beak-shaped.  The  promontnry  of  the  sacrum  is  pushed  forward  by  the  weight  «if  T 
body,  and  the  sides  of  the  pelvis  are  approximated  by  the  pressure  of  the  two  thigh-bones: 
gives  to  the  pelvis  the  i>eculiar  deformity  which  is  churcieieristic  of  this  disease. 

THE  THIGH. 
The  Femur,  or  Thigh-Bone. 

Thp  Femur  (femur^  the  thigh)  is  the  loiiijest,^  largest,  and  strongest  bone 
the  skekUon,  and  almost  pcrfet'tly  cylindrical  in  the  greater  part  of  its  extent.  In 
the  erect  posture  it  is  not  vertical,  l)eing  separated  from  its  fell*»w  above  by  a 
considerable  interval,  which  corresfionds  to  the  entire  breadth  of  the  pelvis,  but 
inclining  graduaOy  downward  and  i  it  ward,  so  as  to  approach  its  fellow^  toward 
its  lower  jjart,  for  the  purpose  of  bringing  the  knee-joint  near  the  line  of  gravity 
of  the  body.  The  degree  of  this  inclination  varies  in  different  persons,  and  is 
greater  in  the  female  than  the  tnale,  on  account  of  the  greater  breadth  of  the 
pelvis.  The  femur,  like  other  long  bones,  is  divisible  into  a  shaft  and  two 
extremities. 

The  Upper  Extremity  presents  for  examination  a  head,  a  neck,  and  the  great 
and  lesser  trochaurei*s. 

The  head,  which  is  globular,  and  f*n'ms  rather  more  than  a  hemisphere,  is 
directed  ujjward,  inward,  and  a  little  forward,  the  greater  part  of  its  convexity 
being  above  and  in  front.  Its  surface  is  smooth,  coated  with  cartilage  in  the 
recent  state,  excejit  at  a  little  behind  and  below  its  centre,  where  is  an  ovoid 
depression,  for  the  attachment  of  the  ligainentum  teres.  The  neck  is  a  flattened 
pyramidal  process  of  bone  which  connects  the  head  with  the  shaft.  It  varies  in 
length  und  obli«|inty  at  \^ariows  periods  of  life  and  under  different  circiimstances. 
The  angle  is  widest  in  infancy,  and  becomes  lessened  during  growth,  so  that  at 
puberty  it  forms  a  gentle  curve  from  the  axis  of  the  shaft.  In  the  adult  it  forms 
an  ungle  of  about  130^  with  the  shaft,  but  varies  in  inverse  proportitm  to  the 
development  of  the  pelvis  and  the  stature.  In  consetpience  of  the  prominence  of 
the  hips  and  widening  of  the  pelvis  in  the  female,  the  neck  of  the  thigh-bone  forme 
more  nearly  a  right  angle  with  the  shaft  tlian  it  does  in  man.  It  has  been  stated 
that  the  angle  diminishes  in  old  age  and  the  direction  of  the  neck  becomes 
hnrizoiitaU  but  this  statement  is  fonnded  on  insutlicient  evidence.  Sir  George 
Humphry  states  that  the  angle  decreases  during  the  period  of  growth,  but  after 
f»ill  growth  has  been  attained  it  does  not  usually  undergo  any  change,  even  in  old 
age.  He  further  states  that  the  angle  varies  consiilerably  in  different  pei'sons  of 
the  same  age.  It  is  stualler  in  short  than  in  long  bone.s,  and  when  the  pelvia 
is  wide.^  The  neck  is  flattened  frcpm  before  baekward,  contracted  in  the  middle, 
and  broailer  at  its  outer  extremity,  where  it  is  connected  with  the  shaft,  than  at 
its  summit,  where  it  is  attached  to  ehr  head.     The  vertical  diameter  of  the  outer 

'  In  a  man  six  feet  high  ii  iiieaiiurvs  eighteen  iiiehe» — one-fourth  of  the  whole  body. 
'  Journal  of  Afiotomy  aiul  Physiolo^. 
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half  18  increai*ed  by  tlio  thicken- 
ing of  the  lower  edge,  whicli  slopes 
downward  to  join  the  shaft  at  the 
\emer  trochanter,  so  that  the  outer 
half  of  the  neck  is  flattened  from 
before  backward,  and  its  vertieal 
diameter  measiax'.s  one-third  more 
than  the  antero-|)osterion  The  inner  half  is 
smaller  and  of  a  more  circuliir  shape.  The 
anterior  surface  of  the  neck  is  perforated  by 
numerous  vascular  foramina.  The  ptmtrrmr 
iturfficv  is  smooth,  and  is  broader  and  more 
concave  ihan  the  anterior ;  it  gives^  attachment 
to  the  jxiRlerior  part  of  tlie  capsular  ligament 
of  the  hip-joint,  about  hnlf  jin  inch  above  the 
posterior  intertrochanteric  line.  The  suptrior 
hoixier  ig  short  and  thick,  and  terminates  exter- 
nally at  the  great  trochanter :  its  surface  is  per- 
forated by  large  foranjina.  The  inferior  tn/rtirr, 
long  and  xiari*ow,  cnrvcs  a  little  backward,  to 
terminate  at  the  lender  trochanter. 

The  Trochanters  (rooydto,  to  nm  or  roll)  are 
prominent  processes  of  bone  which  afford  lever- 
age to  the  muscles  which  rotate  the  ihigh  on  its 
axis.  Tliey  ai*e  two  in  number,  the  great  and 
the  lesser. 

The  Great  Troclianter  is  a  large,  iriegular, 
quadrilateral  eminence,  situated  at  the  outer 
Bide  of  the  neck,  at  its  junction  with  the  upper 
part  of  the  shaft.  It  is  directed  a  little  out- 
ward and  hack  wan],  and  in  the  aflidt  is  about 
three-ijuarters  of  an  inch  lower  than  the  head. 
It  presents  for  examination  two  surfaces  and 
fotir  borders.  The  external  »urface,  quadri- 
lateral in  form,  is  broad,  rough,  convex,  and 
marked  by  a  j>rominent  diagonal  line,  which 
extends  froiu  the  posterior  superior  to  the 
a.ntei*ior  inferior  angle;  this  line  sei^ves  for  the 
attachment  of  the  tendon  of  the  Oluteus  medins. 
Above  the  line  is  a  triangular  surface,  some- 
times rough  for  part  of  the  tendon  of  the  same 
muscle,  sometimes  smooth  for  the  interposition 
of  a  bursa  between  that  tendon  luul  the  bone. 
Below  and  behind  the  diagonal  line  is  a  smooth, 
triangular  surface,  over  which  the  It^ndon  of  the 
Gluteus  maximus  muscle  plays,  a  bursa  being 
interposed.  The  tntej'ita!  mirfaee  is  of  mnch 
less  extent  than  the  external,  and  presents  at 
its  base  a  ileeji  depressitm,  the  dif/ifri/  or  tro- 
ch  anfr  rie  f*  tnaa,  f*>  r  t  b  c  a  1 1  a  eh  m  c  n  t  o  f  t  h  e  tendon 
of  the  Obturator  exteruus  muscle,  and  in  front 
of  this  an  impressirui  for  the  attachment  of  the 
Obturator  intern  us  and  Gemelli.  The  Muptrior 
border  is  free  f  it  is  thick  and  irregular,  and 
mai^kcd  near  the  centime  by  an  impression  for 
the  attachment  of  the  Pyrifoniiis,  The  inferior 
border  cf»r responds  to  the  jm tint  of  junction  of 
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the  base  of  the  trochjinter  with  the  onter  surface  of  the  shaft;  it  is  marked  by  a 
rough,  prominent,  slightly  curved  litlge,  which  gives  attachment  to  the  upper 
part  of  the  Vastus  externiis  muscle.  Tlie  anttrmr  border  is  prominent,  somewhat 
i r r c g u  1  a r ,  as  \v ell  a?<  the  s u rf ac e  < > t"  b * » n i-  i m m eil i at ely  1  >el o w  it;  it  affo r ds  at lach- 
meiit  at  its  outer  part  to  the  Gluteiis  minimus.  The  posterior  border  is  very 
prominent,  and  appears  as  a  free,  rounded  edge,  which  forms  the  hack  part  of  the 
digital  fri8sa. 

The  Lesser  Trochanter  is  a  c«niea!  eiiiinence  which  varies  in  size  in  different 
subjects;  it  projects  from  the  b»wer  and  hack  part  of  the  base  of  the  neck.  Its 
base  is  triangular,  and  connected  with  the  adjacent  parts  of  the  bone  by  three 
well-marked  borders:  two  of  these  are  abcnc — the  infer/K^'??  continuous  with  the 
Ufwer  border  of  the  neck,  the  ejfernal  with  the  posterior  intertrochanteric  line^ — 
while  the  inferior  border  is  continuous  with  the  middle  division  of  the  linea 
aspera.  Its  summit,  which  is  flirected  inward  and  backward,  is  rough,  and 
gives  insertion  to  the  tendon  of  the  Psoas  TOagniis.  The  Iliaetis  is  inserted  into 
the  shaft  below  the  lesser  trochanter  between  the  Vastus  intern  us  in  front  and 
the  Pect incus  behind, 

A  well-mar krd  prominence  of  variable  sixe,  which  projects  from  the  upper  and 
front  part  of  the  neck  at  its  junction  with  the  great  trochanter,  is  called  the  tubercle 
of  the  femur  :  it  is  the  point  of  n^eeting  of  the  Gluteus  minimus  externally  and  above, 
and  the  Vastus  externus  below.  Running  oblii[iiely  downward  and  inward  from 
the  tubercle  is  the  sffiral  line  of  the  femur,  or  anterior  infertroeiianterif*  fine  ;  it 
winds  round  the  inner  side  of  the  shaft,  below  the  lesser  trochanter,  and  termi- 
nates in  the  linea  aspera,  about  two  inches  below  this  eminence.  Its  upper  half 
is  rough,  and  affords  attachment  to  the  ca)>sular  ligament  of  the  hip-joint ;  its 
lower  half  is  less  prominent,  and  gives  attachment  to  the  tipper  part  of  the  Vastus 
in  tern  us.  Running  obli^fuely  downward  and  inward  from  the  summit  of  the 
great  tn)cbanicr  on  the  posterior  surface  of  the  neck  is  a  vej\v  prominent,  well- 
marked  riilge,  the  posterior  intertroelhiHferie  line.  Its  upper  half  forms  the 
posterior  border  of  the  great  trochanter,  and  its  low^er  half  runs  tlownward  and 
inward  across  the  neck  of  the  bone  to  the  upper  and  back  part  of  the  lesser 
trochanter.  A  slight  ridge  sometimes  commences  about  the  middle  of  the 
posterior  iutertrochantenc  line,  and  passes  vertically  downward  for  about  two 
inches  along  the  back  jiart  of  the  shaft :  it  is  called  the  linea  qtiadrnti,  and  gives 
attachment  to  the  Quadratus  femoris  and  a  few  fibres  of  the  Adductor  magnus 
muscles.' 

The  Shait,  almost  cylindrical  in  form,  is  a  little  broader  above  than  in  the 
centre,  and  somewhat  flattened  beb>w,  from  before  backward.  It  is  slightly 
arched,  so  as  to  be  convex  in  front  and  concave  behind,  where  it  is  strengtheneil 
by  a  prominent  longitudinal  ridge^  the  iiiien  aspera.  It  ]>resents  for  examination 
three  borders,  separating  three  surfaces.  Of  the  three  borders,  one,  the  liaea 
asjiera,  is  posterior ;   the  other  two  are  placed  laterally. 

The  linea  aspera  (Fig.  214)  is  a  prominent  longitudinal  ridge  or  crest,  on  the 
middle  third  of  the  bime,  presenting  an  external  lip,  an  internal  lip,  and  a  rough 
intermediate  space.  Above,  this  crest  is  prolonged  by  three  ridges.  The  most 
external  one  is  very  rough,  and  is  continued  almfist  vertically  upward  to  the  base 
of  the  great  trochanter.  It  is  sometimes  termed  the  tjiutenl  ridge,  and  gives  attach* 
ment  to  part  of  the  Gluteus  maximus  muscle;  its  upper  part  is  often  elongated  into 
a  roughened  crest,  on  which  is  a  more  or  less  well-marked,  rounded  tubercle,  a  rudi- 
mental  third  trochajiter.  The  middle  ridge,  the  least  distinct,  is  continued  to  the  base 
of  the  trochanter  minor,  und  the  internal  one  is  lost  above  in  the  spiral  line  of  the 
femur.  Below,  the  linea  aspera  is  prolonged  by  two  ridges,  which  enclose  between 
them  a  triangular  space,  the  popHteai  surtaee,  i.H'  these  two  ridges,  the  outer  one 
is  the  more  prominent,  and  descends  to  the  summit  of  the  outer  condyle  {external 

'  Generally  tbere  is  merely  a  slight  tliirkenmj?  ati+>ut  the  t^jiit re  uf  the  intertrochaiii^ric  line, 
murkin^  the  pnint  of  ntuichmctit  of  the  QuadnitiiH  feinoris.  This  is  termed  hj  aonie  anatomists  the 
inhenU  of  th*t  Quad  rat  il^.. 


*Hprneondf/lar  line).     The  inDer 
^ue  {intern af  miprai'onJt/lar  Ime) 
is  less  rnarkeil.  t's^ieciiilly  at  its 
U|iper  part,  where  it  is  crossetl 
U  rhe  femoral  artery.     It  ter- 
mmates,   beluw,   at   the   summit 
'>r   the   internal    condyle,    in   a 
?*mall    tubercle,     the    Adiiurtor 
Mercle,    whit-b    affords    attach- 
ment to  the  tendon  «>f  the  Ad- 
fluctor  magnu8. 

To  the  inner  lip  of  the  liuea 
lipera  and  it8  inner  prolongation 
*bove  and  helow  is  attached  the 
»  astus  interniLs,  and  to  tlie  outer 
'ip  and  its  outer  j»rolonji;ation 
^bove  is  attached  the  A'astns 
^xtemus.  The  Adductor  magnus 
i«  attached  to  the  linea  a.spera,  to 
>ts outer  proh>iigation  ahove  and 
its  inner  prnhmgation  below* 
Between  the  Vastus  extcrnus  an<I 
the  Adductor  magnus  are 
attached  two  muscles — vh.  the 
Gluteus  maxim  us  above,  and  the 
^hort  head  nf  the  Biceps  below. 
Between  the  Adductor  magnua 
and  the  Vastus  intern  us  four 
muscles  are  attached  :  the  Iliacus 
and  Pectineus  above  (the  latter 
to  the  middle  of  the  upper  divis* 
ions);  below  these,  the  Adductor 
breviaand  Addiictor  longus.  The 
linea  aspeni  is  perforated  a  little 
below  it.^  centre  by  the  nutrient 
canal,  which  is  directed  obli(|ucly 
upward. 

The  tfCft  hiti^nt!  Imnh-ni  of  the 
femur  are  only  slightly  marked, 
the  cuiter  one  extending  from 
the  anterior  inferior  angle  of  the 
great  trochanter  to  the  anterior 
extremity  of  the  external 
condyle ;  the  inner  one  from  the 
spiral  line,  at  a  point  opposite 
the  trochanter  minor,  to  the  an- 
terior extremity  of  the  internul 
condyle.  The  internal  border 
marks  the  limit  of  attacbment 
of  the  Crureus  muscle  internally. 
The  anterior  surface  includes 
that  portion  of  the  shaft  which 
is  situated  between  the  two 
latcnil  borders.  It  is  smooth, 
convex,  broader  ahove  and  lielow 
than  in  the  centre,  sligbtly 
twisted,  so  that  its  upper  part  is 
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directed  forward  and  a  little  outward,  its  lower  part  forward,  atid  a  little  inwrird. 
To  the  upper  tbree-foarths  of  tbis  surface  tLe  Crureiis  is  itttacheil:  the  lower 
foTirth  is  sepiimtcd  IVoin  the  niiiscle  by  the  iiiterveTaioii  of  the  synovial 
memhrjine  of  the  knee-joint  and  a  bursa,  inul  afTords  attachment  to  the 
Subcruretis  to  a  small  extent*  The  txivnial  Hurface  includes  tbe  portion 
of  bono  between  the  external  border  and  the  outer  lip  of  tbe  linea  aspei*a;  it  is 
continuous  above  with  the  outer  surface  of  the  great  trochanter,  below*  with  the 
outer  surface  of  the  external  uomiyle;  to  its  upper  three-fourths  is  attached  the 
^outer  portion  of  the  Crureus  mysele.  '^\m  internal  *f(rr/</c^  includes  the  jiortioiiof 
bone  between  tbe  internal  bonier  and  the  inner  li|>  of  tlie  linea  aspera ;  it  is 
continuous  al>f*ve  with  the  lower  border  of  the  neck,  below  with  the  inner  side  of 
the  internal  condyle  :  it  is  covered  by  the  Vastus  internus  muscle. 

The  Lower  Extremity,  larger  than  the  upper,  is  of  a  cuboid  form,  flattened  from 
before  backward^  and  divided  into  two  large  eminences,  tbe  amdideit  (xouSfMo^^ 
a  knuckle),  by  an  interval  which  presents  a  smmtth  depression  in  front  called  the 
troehleHy  and  a  notch  of  consideiable  sixe  behind — tbe  uiUrotmilt^hud  notrh.  The 
eTlf^nml  condj/h'  is  the  more  prominent  anteriorly,  and  is  the  broader  both  in  the 
antero-posterior  and  transverse  diameters.  T!ie  iHti'mai  t'ondi/le  is  the  narrower, 
Monger,  and  more  prominent  inferiorly.  This  difference  in  the  length  of  the  two 
condyles  is  ordy  observed  when  tbe  bone  is  }iei  |iendicular,  and  depenib  upon  the 
obliijuity  of  I  he  thigh-bones,  in  eonse(|Ucnce  of  their  separation  above  at  the 
articulanon  with  tbe  j^elvis.  If  the  femur  is  held  obli<[Ue!y,  tbe  surfaces  of  the 
two  condyles  will  l)e  seen  to  he  nearly  hori*^*>ntal.  The  two  condyles  are  directly 
continuous  in  front,  and  form  a  smooth  trochlear  surface,  which  articulates  with 
the  patella.  It  presents  a  median  groove,  which  extends  downward  and  back- 
ward to  the  intercondyloid  notch;  and  two  lateral  convexities,  of  which  ilie 
external  is  the  broader,  more  prominent,  and  pndonged  farther  iijiward  upon  the 
front  of  the  outer  condyle.  The  external  bruder  is  also  more  prominent,  aud  ascends 
higher  than  ibe  internal  one.  The  intercondyloid  notch  lodges  tlie  crucial  liga- 
ments  ;  it  is  bounded  laterally  by  the  opposed  surfaces  of  the  two  condyles,  and  in 
front  by  the  lower  end  of  the  shaft. 

Outer  Coadyle, — The  i^nd'r  surfari'  of  the  external  condyle  presents,  a  little 
behin<l  its  centre,  an  eminence,  tbe  otih'r  fubcrositi/  ;  it  is  less  ju'ominent  than  the 
inner  tuberosity,  and  gives  attachment  to  the  external  lateral  ligaments  of  the 
knee,  Injmediately  beneath  it  is  a  groove  which  comniences  nt  a  depression  a 
little  behind  the  centre  of  the  lower  border  of  this  surface:  the  front  part  of  thi^ 
depression  gives  origin  to  the  Popliteus  muscle,  the  tendon  of  which  is  bidged  in 
the  groove  during  flexion  of  the  knee.  The  groove  is  smooth,  lined  with  synovial 
membrane  in  tbe  rt*cent  state,  and  runs  to  the  posterior  extremity  of  tbe  condyle. 
Tbe  inner  ^urffU'r  of  the  outer  condyle  forms  one  of  the  lateral  l>ountlarios  of  the 
intercondyloid  notch,  and  gives  attacbment.  by  its  jiosterior  i>art,  to  the  anterior 
crucial  ligament.  The  inferior  sitrftiee  is  convex,  smooth,  and  broa^ier  tlian  that 
of  the  internal  condyle.  Tbe  posterior  extremity  is  convex  and  smooth :  jusi 
above  the  articular  surface  is  a  depression  for  the  tendon  of  tbe  outer  head  of  the 
Gastrocnemius,  above  which  is  the  origin  of  the  Flantaris. 

Inner  Condyle. — The  inner  surface  ui*  tbe  inner  condyle  presents  a  convex 
eminence,  the  inner  tuherfwtj/^  rough  for  the  attaebment  of  the  internal  lateral 
ligament.  The  tmfer  »itle  of  the  inner  condyle  forms  one  of  the  lateral  boundaries 
of  tbe  intercondyloid  notch,  and  gives  attachment,  somewhat  posteriorly*  to  the 
posterior  crucial  ligament.  Its  inferior  or  artienhir  imrfare  is  convex,  and 
presents  a  less  extensive  surface  than  the  external  condyle.  Just  above  ibearliculnr 
surface  of  the  con«lyle.  l»ebind,  is  a  dejuession  for  the  tendon  uf  origin  of  the  inner 
head  i>f  tlie  Uastnicnemius. 

Structure.— The  shaft  *if  the  femur  is  a  cylinder  of  compact  tissue,  holbiwed 
by  a  large  medullary  canal.  The  cylinder  is  of  great  thickness  and  density  in  the 
middle  third  of  tbe  shaft,  where  the  hone  is  narrowest  an<l  the  medullary  canal 
well  formed;  hut  above  and  below  tbis  tbe  cylinder  gradually  becomes  thinner. 
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owing  to  a  separation  of  tlielavers  of  the  bone  into  cancelli,  which  project  into  the 

medtillarv  canal  and  finally  obliterate  it,  so  that  the  upper  and  hiwer'ends  of  the 

shaft,  and  the  articuhir  extremities  raore  especially,  consist  of  canceUuted  tissue 

invested  by  a  thin,  compact  laver. 

The  arrangement  of  the  cancelli  in  the  ends  of  the  femur  is  remarkable.     In 

the  upper  end  they  are  arranged  in  two  sets.     One.  starting  from  the  top  of  the  head, 

the  upper  surface  of  the  neck,  and  the  great  trochanter,  converge  to  the  inner 

circumference  of  the  shaft  (Fig.  215);  these  are  placed  in  the  direction  of  greatest 

pressure,  and  serve  to  support   the   vertical  weight  of  the  body.     The  second  set 

are  planes  of  lamelhi?  intersecting  the  former  nearly  at  right  angles^  and  are  situ- 

*teii  in  the  line  of  the  greatest 

J^miori — that  is  to  say,  ahmg  the 

Jines  in  which   the  muscles  and 

"gaments  exert   their    traction.  K'HU^y  ^Bi  ^  'JL   Ductal  fm 

■fn  the  head  of  the  bone   these  ^r^ao?t/A*if^^feL--m* 


^(ireal  irwharUtr, 


hrochantrr. 


^^B 


Pretmrt 
pianea. 

Fw,  215.— Diftirram  showini?  thi?  arraDgc- 
1  of  the  CAQceUi  uf  the  neek  (tfibe  femur. 


}      I 


Fig.  216.— Calcar  femorale. 


planed  are  arranged  in  a  curved  form,  in  order  to  strengthen  the  bone  when  exposed 
to  pressure  in  all  directions*  In  the  miilst  of  the  cancellous  tissue  of  the  neck  is 
a  vertical  plane  of  compact  bone,  the  ftmiortil  »pur  {ealeur  fe morale)  which  com- 
mences at  the  point  where  the  neck  joins  the  shaft  midway  between  the  lesser 
I  trochanter  and  the  internal  border  of  the  shaft  of  the  bone,  and  extends  in  the 
I  direction  of  the  digital  fossa  (Fig.  216).  This  materially  strengthens  this  jtortion 
of  the  bone.  Another  p<jint  in  connection  with  the  structure  of  the  neek  of  ihe 
femur  requires  mention,  especially  on  account  of  its  influence  on  the  production  of 
fractnre  in  this  situation.  It  will  be  noticed  that  a  considerahle  portion  of  the 
great  trochanter  lies  behind  the  level  of  the  posterior  surface  of  the  neck  ;  and  if  a 
section  be  made  through  the  trochanter  at  this  level,  it  will  be  seen  that  the 
posterior  wall  of  the  neck  is  prolonged  into  the  trochanter.  This  proloogatirin  is 
termed  by  Bigelow^  the  ''  true  neck,"  ^  and  forms  a  thin,  dense  plate  of  hone,  which 
pass^es  beneatli  the  posterior  intertrochanteric  ridge  toward  the  outer  surface  of 
the  bone- 
In  the  lower  end  the  cancelli  spring  on  all  sides  from  the  inner  surface  of 
the  cylitider,  and  descend  in  a  perpendieiilar  direction  to  the  articular  surface^  the 
c&Dcelli  being  strongest  and  having  a  more  accurately  perpendicular  course  above 
the  condyles.     In  addition  to  this,  however,  horizontal  planes  of  cancellous  tissue 
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are  to  be  seen,  so  that  the  spongy  tissue  in  ibis  situation  presents  an  appearance  of 
being  nmpped  nut  into  a  series  of  rectangular  areas. 

Articulations.— Wi til  three  buries  ;  the  os  ionominalum,  tibia,  and  pat^-lla. 

Development  (Fig,  217).— The  ferajir  is  developed  hy  five  centres:  one  for  the 

shaft,  one  for  each  extremity,  and  one  for  each  trochanter.     Of  all  the  loug  bones^ 

except  the  tda\icle»  it  is  the  first  to  show  traces  of  ossification :  this  commences  in 

the  shaft,  at  about  the  fifth  week  of  fcetal  life,  the  centres  of  ossification  in   the 

epiphyses  appearing  in  the  folhjwing 
order:    First,  in    the  lower    end  of 


Appears  at    ith 


■J^  Appfam  at  ntd 
\V  of  Jut  yiat  : 
]  JQiiis  shaft  about 
ISth  year. 


[  Appeara  IStk-}4th  ymr  , 
^    joina  sh{fft  ahoiU  ISfh 


Appfiirn  ati 
Sftk  Mmith\ 
iftrtat}. 


fjoin*  ahafi  at  iOth 
year. 


the  bnne,  at  the  ninth  month  of  foetal 
life^  (from  this  the  condyles  and 
tuberosities  are  formed) ;  in  the  head 
at  the  enil  of  the  first  year  after 
birth  ;  in  the  great  trochanter,  during 
the  fourth  year;  and  in  the  Ie8ser 
trochanter,  between  the  thirteenth 
ami  fourteenth.  The  order  in  which 
the  ejMphyses  are  joine*!  to  the  shaft 
is  the  reverse  of  that  of  their  appear- 
ance: their  junction  does  not  com- 
mence until  after  puberty,  the  lesser 
trochanter  being  first  joined,  then 
the  great,  then  the  head,  and,  lastlv, 
the  inferior  extremity  (the  first  m 
which  ossification  commenced),  which 
is  not  united  until  the  twentieth 
year. 

Attaclmient  of  Muscles, — To 
twenty-three*  To  the  great  tro* 
chanter  :  the  Gluteus  medius,  (jiuteus 
minim  us,  Pyrifurmis,  U  blur  at  or  inter- 
nus,  Obturator  externus,  Oemellas 
superior,  Gemellus  inferior,  and 
Quadratus  fern  oris.  To  the  lesser 
trochanter:  the  Psoas  magnus  and 
the  Iliac  us  below  it.  To  fhe  shaft: 
the  Vastus  externus.  Gluteus  maximus,  sht^rt  head  of  the  Biceps,  Vastus  intern  us. 
Adductor  magnus,  Pectineus,  Adductor  brevis.  Adductor  longus,  Orureus,  and 
Subcrureus*     To  the  condyles :  the  Gastrocnemius,  Plantaris,  and  Popliteos. 

Surface  Form, — The  fi  mor  is  covered  with  museles,  s<>  tlml  in  fiiirly  muscular  subjects  the 
shuft  is  rjut  to  be  dctwlcd  tlinjugh  its  fleshy  coveriujt',  and  the  ouly  parts  accessible  to  the  touch 
are  the  outer  surfaee  of  the  ^Teat  troelmater  tind  tlitj  lower  expanded  end  of  the  Wne.  The 
extenial  surface uf  the  tfreat  tnx'hariter  is  to  t>e  felt,  especially  iu  ecitain  posiiiousof  the  liinK  lu 
IKLsitiou  is  ^euerally  indicated  by  u  dt^pressioHj  owing  to  the  thickness  of  rhe  Gluteus  medius  and 
mtaiumSj  wliicli  jirojcct  above  it.  When,  however,  the  thi^di  is  flexed,  and  esjjedally  if 
crossed  over  tlie  oppfw^ite  one,  the  trochanter  pn^duces  a  blunt  eminence  on  the  surface.  The 
upper  border  is  idK*ut  un  a  line  with  tlie  spine  of  the  lis  pubis,  and  it.^  exact  level  is  indicate*!  by 
a  hue  dniwn  froiu  tlie  anterior  superior  spmous  prm^eas  of  the  ilium,  over  the  miter  side  of  tht? 
hip,  to  the  must  [irouiiafnt  point  of  the  tuberusily  of  die  iseliium.  This  is  known  us  NelatonA 
line,  llie  outer  and  inner  condyles  of  the  lower  extremity  are  easily  to  be  iek.  The  outer  one 
is  m<tre  bulieutaneous  than  the  inner  one,  and  readily  felt.  Tlie  tuberosity  on  it  is  coinpardtively 
little  developed,  but  eau  lie  more  or  less  easily  reeoiciiissed.  The  inner  condyle  is  more  thiekly 
eovertMl.  anu  this  jL'ives  a  ireneral  convex  oudine  to  this  part,  especially  when  the  knee  is 
flexed.  The  tulM^osity  on  it  is  easily  felt,  and  at  the  upper  part  of  the  condyle  the  s)iarp 
tulwrel*:  for  the  insertion  of  the  tendon  of  the  Adductor  nuairiuis  ean  k-  reeopnizcd  without 
diihculty.  When  flie  knee  is  flexed*  and  the  patella  situated  in  the  interval  W^twee^i  the  coo- 
(lylas  and  the  upjier  end  of  the  tibia,  a  part  of  the  iiHxddear  surface  of  the  femur  can  be  made 
out  above  the  f>:itella. 

Surreal  Anatomy.— -There  are  one  or  two  points  abiut  the  nsslfieation  of  the  femur 


*  Thiii  h  the  only  epiphysis^  in  wiiirh  asgificjiiion  L^egins  before  Vnrth, 


Ijjir<'r  extremity. 

Fig.  217. — Plan  of  the  development  of  the  femur, 
five  ce Hires. 
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bearing  on  practice  to  which  allusion  iiiusl  be  made.  It  has  been  stated  above  that  the 
lower  end  of  the  femur  is  tin-  oiilv  epiphysis  in  which  ossification  has  eommenc*ed  at  tlie  time  of 
birth-  The  presence  of  this  os^silie  centre  is,  thcrerore*  a  jiroof,  in  newly -born  children  found 
dead,  that  the  chUd  has  arrived  at  the  Mi  period  ofutero-^'CiJitiilioii,  and  is  always  relied  Ufmn  in 
ine*Jico- legal  inve«tijifatioriH.  The  iKjsitioii  of  the  eiiijihysia!  line  should  he  carefully  noted.  It 
won  »  level  with  the  addiict<»r  tuberL^e,  and  the  epiphysis  does  not,  therefore^  form  the  whole 
^«f  the  cartilage-clad  portion  of  the  lower  end  of  the  f>tuie.  It  is  essential  to  bear  tliis  point  in 
'ttiind  in  performini^  excision  of  the  knee,  since  erowth  in  length  of  the  femur  takes  place  chiefly 
frorji  the  lower  epiphysis,  and  any  ititerlerence  with  the  epiph.vsi«l  cartilage  in  a  yunn;?  child 
would  involve  such  nltiniate  shortenini^  of  the  limb^  fn»ni  want  of  growth,  as  to  render  it 
almost  useless,  Sepanttion  of  tlje  lower  epiphysis  may  take  place  up  to  the  age  of  twenty,  at 
wbirh  time  it  becomes  completely  joined  to  the  shall  of  the  Iwne  ;  but,  as  a  matter  of  fact,'  few 
mes  occur  after  the  age  of  sixteen  or  seventeen.  The  upper  epiphysis  of  the  femur  is  of 
iottfrest  principally  on  account  of  iis  being  the  seat  of  origui  of*  a  large  number  of  r}is<:*s  of 
tiibeiviilar  disease  of  the  hipji>int.  The  disease  itimmences  in  the  nnijority  of  cases  in  the 
highlv  va:scular  and  growing  tissue  in  the  neighborhood  of  the  cpitdiysis.  and  irom  here  extends 
iuto  the  joint. 
■  Fr^-'tiires  of  the  femur  are  divided^  like  those  of  the  other  long  bones,  into  fractures  of  the 
TM>per  end;  of  the  shaft;  and  of  the  lower  end.  The  fractures  of  the  upper  end  may  be 
CMsifiefi  into  ( !  i  fmture  *d'  the  neck  ;  i*I\  fracture  at  the  junction  of  the  neck  with  fhe  great 
iroeluinter;  f3jl  fracture  of  the  great  trochanter;  and  (4)  separation  of  the  epiphysis,  either 
of  the  head  or  of  tlie  great  trochaivter.  The  first  of  these,  fracture  of  the  neck^  is  usually 
termed  intracapsular  fracture,  but  this  is  scarcely  a  correct  designation,  iis.  owing  to  the  attach- 
ment of  the  capstilar  ligament,  the  fracture  may  be  partly  within  ami  parti}'  without  the  cap- 
sule, when  the  fracture  oeeurs  at  the  lower  part  of  the  neek.  It  gem  mlly  occurs  in  old  jieople, 
principally  wumeii^  and  usually  from  a  very  slight  degree  of  indirect  vii^lence.  Probably 
the  main  cause  of  the  fnir*ture  taking  place  in  old  people  is  in  conseipicncc  of  tlie  degenerative 
changes  which  the  hone  has  undergone,  Merkel  Ijelieves  that  it  is  mainly  due  U}  the  nhsorp- 
tion  of  the  t?alcar  temonde.  These  fra4'tures  arc?  occasionally  impacted.  Ah  a  rule  they  nnite  by 
fibruiis  tissue,  ami  frerpiently  no  union  takes  place,  and  the  surfaces  of  the  fracture  bec^jme 
N>rh  and  eburaatc*l. 

Fractures  at  the  junctioTi  of  the  neck  with  the  great  trochanter  are  usually  termed  e,xtra- 
ca|i^n]ar«  but  this  (hsignatinn  Is  also  incorrcet.  as  the  fracture  is  [^rtly  within  the  etipsnle, 
DwinsT  to  its  attaehmcnt  in  I  rout  to  the  anterior  intertrochantcrir  line,  which  is  situated  Wlow 
the  line  of  fraitn re.  These  lracturt\s  are  produced  by  direct  violence  to  the  great  trochanter,  as 
iTDm  a  blow  or  fall  laterally  on  the  hip.  From  the  manner  in  which  the  aa*idcnt  is  ainsed,  the 
neck  of  ibe  b<jne  is  driven  into  the  irLK-hanter,  where  it  may  remain  inifsai  ted,  ur  the  trochanter 
may  be  split  nji  into  two  or  more  fragmenis,  and  tlius  no  fixation  take>  place, 

PVactures  of  the  great  troehanter  may  Ik;  either  '*ol)lii|ue  fmcture  lliruugh  the  trcwhanter 
major,  without  implkuiting  the  neck  of  the  bnne"  (Astley  Cooper),  or  separation  of  the  great 
trochanter.  Most  of  the  recorded  cases  of  this  lalter  injury  occurred  tn  young  jwrsons,  and  were 
probably  eases  of  separation  of"  the  epijdiysis  of  the  great  tiiiehantcr,  *Scparaliorj  uf  the  epiphysis 
of  the  head  uf  the  leniur  has  been  said  to  occur ^  but,  as  far  as  I  know,  has  never  been  verified 
by  i»ost-morteni  examination. 

Fractures  uf  the  shaft  may  owur  at  any  part,  but  the  most  usual  situation  is  at  or  near  the 
eentre  of  the  hone.  They  may  !«  cau.sed  hy  ilirt-i't  ur  indirect  violence  or  by  must'ular  actiun. 
FnictunP's  uf  the  u]>per  third  of  the  shall  are  almost  always  the  result  of  indirect  vtulcnce, 
whilst  those  i>f  the  luwi-r  tliird  are  the  rt\sHlt,  fr^r  the  most  pM"!,  of  direct  violence.  In  the 
middle  third  fractures  ocrnr  from  both  forms  <d'  injur>  in  afujut  erpial  p^roportions.  Fractures 
of  the  shall  are  generally  oblique,  but  they  may  be  transverse,  lt»ngitudinal,  ur  spiral  The 
tniiisverse  tracturt^  occurs  n^ost  frequently  in  children.  The  frac  tures  of  the  lower  end  of  the 
femur  include  transverse  fraeture  above  the  condyk\s,  the  most  common  :  and  this  may  he  com- 
plicated by  a  vertical  fracture  between  the  condyles,  constituting  the  T-shaped  fracture.  In 
these  cast^J^  the  popliteal  artery  is  in  danger  of  being  wounded.  Obhftue  fracture,  separating 
cjlher  the  internal  or  external  condyle,  and  a  longitudinal  incomj>lete  fracture  between  the  con- 
dylej^  may  al^*  take  nlace. 

The  femur  as  well  as  the  other  liones  of  the  leg  are  fi*e<|nently  the  seat  of  acute  necrosis  in 
youn/r  children.  This  is  no  doubt  due  to  their  greater  exposure  to  injury,  which  is  uften  the 
exciting  causi.^jf  this  disease.  Tumors  not  u nfrerju en tly  are  found  growing  tWun  tlic  femur: 
the  ma^t  cjimmon  furms  being  san'otna.  which  may  grow  cither  from  the  periosteum  or  from  the 
medullary  lijssuc  witfiin  the  inleriur  c»f  the  bune  ;  and  exostosis,  which  is  commonly  found 
originating  in  the  neighhorh4>od  of  the  epiphysial  cartilage  of  the  lower  end. 


THE  LEO, 
The  skeleton  of  the  Leg  consists  of  three  bones  :  the  Patella,  a  large  sesamoid 
bane,  placed  in  front  of  the  knee  :  the  Tibia;  and  the  Fibula. 


The  Patella  (Figs.  218,  21  y.) 
The  Patella  (patella^  a  «rnall   pan)  is  a  flat,  triangular  bone,  situated  at   the 
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Burt  a. 


Fru,  218.— RIghl  pfttilln..    An- 
terior surfkoo. 


Posterior  sorftite. 


atrllit. 


anterior   part  of    the    knee-joint.     It  is    nsually    regarded  as  a  sesamoid  bone, 
developed   in  the  tendon  of  the  Quadriceps  extensor.     It  resembles  these  bones 

(1)  in  its  being  developed  in  a 
tendon  ;  (2)  in  its  centre  of  oBi^t- 
iication  presenting  a  knotty  or 
tiibercidafed  outline  similar  to 
other  sesamoid  bones ;  (3)  in  its 
strtictnre  being  composed  mainly 
of  dense  eaneeUous  tissue,  as  in 
the  other  sesamoid  bones.  It 
serves  to  proteet  the  front  of 
the  joint,  and  increases  the 
leverage  of  the  Quadriceps  ex- 
tensor by  luaking  it  act  at  a 
greater  angle.  It  presents  an 
anterior  and  posterior  surface,  three  borders,  and  an  apex. 

The  anterior  surface  is  ciuivex,  perforated  by  small  apertures,  for  the  passage 
of  nutrient  vessels,  an<i  marked  liy  numerous  rough,  longitudinal  striae.  This 
surface  is  covered,  in  the  recent  state,  by  an  expansion  from  the  tendon  of  the 
Quadriceps  extensor,  which  is  eon  tin  nous  below  with  the  sujjerlicial  fibres  of  the 
ligjimentum  patellne.  It  is  separated  from  the  integument  by  a  bursa.  The 
posterior  surface  j>resents  a  smuorh,  ovul-sluiped,  articular  surface,  covered  with 
cartilage  in  the  recent  state,  and  divided  into  two  facets  by  a  vertical  ridge,  which 
descentis  from  the  superior  border  toward  the  inferior  angle  of  the  bone.  The 
ridge  corresjyonds  to  the  groove  on  the  trochlear  surface  of  the  femur,  and  the  two 
facets  to  the  articular  surfaces  of  the  two  condyles ;  the  outer  facet,  iVu-  articulation 
with  tlie  outer  condyle,  being  the  broader  nnd  dcejier.  This  character  serves  to 
indicate  the  side  to  which  the  bone  bebuigs.  Below  the  articular  surface  is  a 
rough,  convex,  non-art ictilar  deiu^ession,  the  bnver  half  of  which  gives  attachment 
to  the  ligamcntum  patelhe,  the  upper  half  being  separate<l  from  the  head  of  the 
tibia  by  adipose  tissue,  in   which  niay  be  found  a  burm. 

The  superior  border  is  thick,  and  sloped  from  behind,  downward  and  forward: 
it  gives  attachment  to  that  portion  of  the  Qiuidrice|iS  extensor  which  is  derived 
from  the  Rectus  find  Crureus  muscles.  The  lateral  borders  are  thinner,  ccuivcrging 
below.  They  give  nttachinent  to  that  portion  of  the  (Quadriceps  extensor  derived 
from  the  exteriuil  and  internal  Vasti  muscles. 

The  apex  is  (Kiinted,  and  gives  attachment  to  the  ligamentum  patella. 
Stmctnre. — Ii  consists  of  a  nearly  nniforui   dense  cancellous  tissue  covered 
by  a  thin  compact  lamina.     The  cancelli  immediately  beneath  the  anterior  surface 
are   arranged  pMrallel   with   it.      In   the   rest  of  the  hone   they   radiate  from  the 
posterior  articular  i^urtace    toward  the  other  parts  of  the  bone. 

Development, — By  a  single  centre,  which  makes  its  appearance,  according  to 
Bt^clard,  about  the  third  year.  In  two  instances  I  have  seen  this  bone  cartilagi- 
nous thnuighout,  at  a  much  later  period  (six  years).  More  rarely,  tlje  hone  is 
developed  by  two  centres,  placed  side  by  side.  Ossification  is  completed  about  the 
age  of  puherty. 

Articulations. — With  the  two  condyles  of  the  femur. 

Attadtment  of  Muscles.^ — To  four:  the  Rectus,  Crureus,  Vastus  internns,  and 
VavStus  externus.  These  muscles,  joined  at  their  insertion,  constitute  the  Quadriceps 
extensor  cruris. 


Surface  Form, — Tlio  exterual  surface  of  the  patdlti  can  he  seen  aud  felt  in  frout  of  the 
knee,  la  the  extended  position  of  the  liadj  th*:?  internal  hurder  is  a  little  more  prominent  than 
the  ouliT.  and  if  the  QundricepHi  extensor  is  relaxed,  the  bone  can  Ih^  uiovcd  from  side  to  side 
and  ajUK^ars  to  be  it>osely  fixed.  If  the  joint  is  flexed^  the  patellii  recedes  into  the  hollow 
between  the  coadytes  of  the  fenmr  and  the  upper  end  of  the  tibia^  and  beeonjes  firmly  fixed 
aiffainst  the  tVmtir. 

Surgical  Anatomy, — The  main  surgical  interest  ahoat  tlie  patella  is  in  eoanection  with 
fractiirett ;  which  are  of  €omaioa  <X!carrenc«.     They  may  be  produced  by  maseahir  action  ;  that 


THE    TIBIA. 


293 


is  to  say,  bjr  violent  oontraction  of  the  Quadriceps  extensor  while  the  limb  is  io  a  position  of 
!<e  mi 'flex  lull,  so  that  the  bone  is  snappe^JI  across  the  condyles ;  or  by  direct  \nolenee,  such  as 
falls  Mu  the  knee.  In  the  former  ek^  t)f  cases  the  fracture  \&  transverse ;  in  the  latter  it  may 
IjeobliQUe^  longitudinal,  stellate,  or  the  bone  variously  comminuted.  The  principal  interent  in 
theae  cases  attaches  to  their  treatment.  Owinj?  to  the  wide  ^^  pa  rati  on  of  the  fracriiiema,  and 
the  diificuUy  there  is  in  maiiitaininK  them  in  apposition,  union  take8  place  by  hbrons  tissue, 
tod  this  niav  sub.se/|uently  stretrh,  pnjtincing  wide  separatuto  uf  the  fracrments  and  j>ermane»t 
linienej<is.  Various  plans,  ineludinir  opening  the  joint  and  suturing  the  fragiDcnts^  nave  been 
idvocated  for  overeominir  this  diffiewltv. 

In  the  larger  number  of  mm^^  of  fracture  of  the  patella  the  knee-joint  is  involved,  the  car- 
tilage which  covers  its  fjosterior  i^urface  lieing  also  torn.     In  some  cases  of  frarttire  from  direct 
violence,  however,  this  need  not  rjeccssarily  happen,  the  lesion  involvinjir  only  the  sufH.TJicial 
L'jtft  of  the  bone;  and,  as  3Iorris  bns  pointed  out,  it   is  an  anatomical  po.ssibiHty,  in  complete 
'liBtttre^  if  the  lesion  involve  only  the  lower  and  non-articular  part  of  the  bone,  for  it  to  l^ke 
|dioe  without  injury  to  the  synovial  membrane. 


I 


The  Tibia  (Figs.  220,  221). 

The  Tibia  (tlhia^  a  flitfe  or  pipe)  i^  situated  at  the  front  and  inner  side  of  the 
leg.  and,  e.Kceptin;?  the  femur,  is  the  longest  and  largest  boue  in  the  .skeleton.  It 
i»  prismoid  in  fortn,  expanded  above,  where  it  enters  into  the  knee-joint,  more 
slightly  enlarged  below.  In  the  male  its  direction  is  vertieiil  and  parallel  with 
the  bone  of  the  opposite  side;  but  in  the  female  it  has  a  slightlv  obliijue  direction 
downward  and  outward,  to  compeiisate  for  the  oblhjue  direction  of  the  femur 
inward.     It  presents  for  e.Kamination  a  shaft  and  two  extremities. 

The  Upper  Extremity,  or  Head,  is  large,  and  expanded  on  each  side  into  two 
lateral  eminences,  the  tuhermitivi^.  Siipenorh/,  the  tuberosities  present  two  smooth, 
concave  surfaces,  which  articulate  with  the  condyles  of  the  femur;  the  internal, 
articular  surface  is  longer,  deeper,  and  narrower  than  the  externaL  oval  from 
before  backward,  to  articulate  with  the  internal  condyle:  the  external  one 
ji^  broader,  flatter,  and  more  circular,  to  articulate  with  the  external  condyle. 
Between  the  two  articular  sui^faces,  and  nearer  the  posterior  than  the  anterior 
aejiect  of  the  bone,  is  an  eminence,  the  spinous  process  of  the  tibia,  surmounted 
by  a  prominent  tubercle  on  each  side,  which  gives  attachment  to  the  extremities 
of  the  semilunar  fibro-cartilages;  in  front  and  behind  the  spinous  process  is  a 
rough  depression  for  the  attachment  of  the  anterior  and  posterior  crucial  ligaments 
and  the  semilunar  fibro-cartilages.  The  anterior  Hurfnees  of  the  tuberosities  are 
continuous  with  one  another,  forming  a  single  large  surface,  which  is  somewhat 
flattened:  it  is  triangular,  broad  above,  and  perforated  by  large  vascular  foramina  ; 
narrow  below,  where  it  terminates  in  a  prominent  obbmg  elevation  of  large  size, 
the  tubf'rcJ*'  of  the  tibia  ;  the  lower  half  of  this  tubercle  is  rough,  for  the  attachment 
of  the  ligamentum  |mtelhe :  the  u|)])er  half  jiresents  a  smooth  facet  supporting, 
in  the  recent  state,  a  bursa  which  separates  the  ligament  from  the  bone.  Postermrly 
the  tuberosities  are  separated  from  each  other  by  a  shallow  depression,  the 
popliteal  notch,  which  gives  attachment  to  part  of  the  posterior  crucial  ligament 
and  part  of  the  posterior  ligament  of  the  knee-joint.  The  inner  tuherositt/  presents 
]M>steriorly  a  deep  transverse  groove,  ff^r  the  insertion  of  one  of  the  fasciculi  of 
the  tendon  of  the  8emi-racmbranosus.  Its  lateral  snrfaee  is  convex,  rough,  and 
proraineni :  it  gives  attachnjcnt  to  the  internal  lateral  ligament.  The  outer  tulHT- 
tmity  presents  posteriorly  a  flat  articular  facet,  nearly  circular  in  form,  directed 
downward,  backward,  and  outward,  for  articulation  with  the  fibula.  Its  lateral 
surface  is  convex  and  rough,  more  prominent  in  front  than  the  internal:  it 
presents  a  prominent  rough  eminence,  situated  on  a  level  with  the  upper  border  of 
the  tubercle  of  the  tibia,  for  the  attachment  of  the  ilio-tibial  band.  Just  below 
thiii  the  Extensor  longus  digitorum  and  a  slip  from  the  Biceps  are  attached. 

The  Shaft  of  the  tibia  is  of  a  triangular  prismoid  form,  broad  above,  gradually 
decreasing  in  size  to  its  most  slender  part,  at  the  commencement  of  its  lower 
fourth,  where  fracture  most  frequently  occurs ;  it  then  enlarges  again  toward  its 
ower  extremity.     It  presents  for  exanciination  three  borders  and  three  surfaces. 

The  anterior  border,  the  most  prominent  of  the  three,  is  called  the  erest  of  the 


tifn(t^  or,  in  popular  language,  the 
ft/tin  ;  it  commences  jibovc  at  the 
tubercle,  and  terminate;^  below  at 
the  finferior  margin  of  the  inner 
miilleolus.  This  border  is  very 
prominent  in  the  npper  twi> 
t birds  of  its  extent  smooth  and 
rounded  below.  If.  presents  :i 
V  e  ry  fl  e  x  u  o  u  8  eo u  rse ,  f >e  i  n  ;tr  «^  ^  n  a  1 1  v 
curved  outward  above  and  iiiAsard 
helow  ;  it  gives  attachment  to  the 
deep  fascia  of  tlie  leg. 

The  internal  border  is  smooth 
and  ronndeti  above  and  below, 
but  more  pr*mjinent  in  the 
centre ;  it  conmjences  at  the 
back  part  of  the  inner  tuberosity, 
and  terminates  at  the  posterior 
border  of  the  internal  malleolns; 
its  upper  part  gives  attachment 
to  the  internal  lateral  ligauient 
of  the  knee  ti>  the  extent  of 
about  two  inches,  and  to  some 
fibres  of  the  Popliteus  muscle : 
its  middle  third  to  some  fibres 
of  the  S«deus  and  Flexor  longu^^H 
digit  or  urn  muscles.  ^^M 

The  external  border*  or  in- 
terosseous ridge,  is  thin  and 
prominent,  especially  its  central 
part,  and  gives  attachment  to 
the  interosseous  membrane:  it 
commences  aliove  in  front  ^f  the 
fibular  articular  fucel,  anrl  bifur- 
cates below,  to  form  the  boundti- 
ries  of  a  triangular  rough  surface. 
for  the  attaehnient  of  the  inter- 
osaeous  ligament  connecting  the 
tibia  and  fibula. 

The  internal  surface  is  smooth* 
convex,  and  broader  above  than 
below;  its  up|*er  third,  directed 
forward  and  inward,  is  covered 
by  the  aponeurosis  derived  from 
the  tendrui  of  the  i^artorius,  and 
by  the  tendons  of  the  (iracilis 
and  Semi  tend)  iKisus.  all  of  which 
are  inserted  nearly  as  far  forward 
as  the  anterior  border;  in  the  rest 
of  Its  extent  it  is  subcutaneous. 

The  external  surface  is  nar- 
rower ihixn  the  internal ;  its  upper 
two-tljirds  presents  a  sli  allow 
groove  for  the  attachujent  <>f  the 
Tibialis  anticus  muscle;  its  lower 
third  is  smooth,  convex,  curves 
gradually  forward  to  the  anterior  part  of  the  bone,  and   is  covered  from  within 
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Exiernat  mallnflut. 
Pio.  230.— Boacu  of  Ihe  right  leg.    Anterior  surfiioe. 


outward  by  the  tendons  of  the  fol* 
lowing  iniiscles:  Tibialis  aoticiLS 
Extensor  proprius  halluciH,  Ex- 
tensor Inngus  digitoniiH. 

The  posterior  surface  (Fig.  2;21) 
presents,  ait  its  upper  piirt,  a  prom- 
inent  ridge,  the  ohliqur  law  of  the 
tibia,  whieh  extends  from  the  back 
part  of  the  artictdiir  facet  for  the 
fibula  obliijuely  downward.  \o  the 
iDternal  border,  at  the  junction  nf 
its  upper  and  middle  thirds.  It 
tnarks  the  lira  it  for  the  insertion 
of  the  Popliteus  tnuscle,  and  serves 
for  the  attachment  of  the  popliteal 
fii^oia  and  part  of  the  Solent, 
Flexor  longus  digitorura,  and  Tib- 
ialis posticus  muscles;  the  tri- 
angular concave  surface,  above  and 
to  the  inner  side  of  this  line,  gives 
attachment  to  the  Popliteus  mus- 
cle* The  middle  thin!  of  the  pos- 
terior surface  is  divided  bv  a 
vertical  ridge  into  two  lateral 
halves  ;  the  ridge  is  well  markecl 
at  its  commeneement  at  the  obliijue 
line,  but  becomes  gradually  indis- 
tinct below ;  the  inner  and  broader 
half  gives  attachment  to  the  Flexor 
longus  digitorum,  the  outer  and 
narrower  to  part  of  the  Tibialis 
posticus.  The  remaining  part  of 
the  bone  presents  a  smooth  surface 
covered  by  the  Tibialis  posticus. 
Flexor  longus  digitorum,  and 
Flexor  longus  hallucis  muscles. 
Immediately  below  the  obliijue  line 
id  the  medidlary  fomiuen,  which  is 
directed  obliipiely  downward. 

The    Lower    Extremity,    much 

taller  than  the  upjjer,  presents  five 

rfaces;  it  is  prolonged  downward, 
on  ita  inner  side  to  a  strong  pro- 
cess, the  int**rnal  niaileohts.  The 
ivfrrior  fturfttee  of  the  b<vne  is 
uadri lateral,  and  smooth  for  artic- 
lation  with  the  astragalus.  This 
ftirface  is  concave  frrjm  before  back- 
ward, ancl  broader  in  front  fhsin  be- 
hind. It  is  traversed  from  before 
backward  by  a  sliglit  elevation, 
separating  two  lateral  depressions. 
It  i^  narrow  internaUy,  where  the 
articular  surface  becomes  continu- 
ous with  that  on  the  inner  malleolus.  The  untenor  surface  of  the  lower  extrem- 
ity is  smooth  and  rounded  above,  and  covered  by  the  tendons  of  the  Extensor 
muscles  of  the  toes;  its  lower  margin  presents  a  rough  transverse  depression,  for 
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the  attachment  of  the  anterior  ligament  of  the  ankle-joint ;  the  posterior  mrfaee 
presents  a  superficial  gronve  directed  ohliqiiely  downward  and  inward,  continuous 
with  a  similar  groove  on  the  posterior  extremity  of  the  astragalus,  and  serving 
for  the  |m5sage  of  the  tendon  *jf  the  Flexor  lougus  hallucis;  the  external  ffurface 
presents  a  triangular  rough  de|ux\ssion  for  the  attjichment  of  the  inferior  inter- 
osseous ligament  connecting  it  with  the  fibula;  the  lower  part  of  this  depression 
is  smooth,  covered  with  cartilage  in  the  recent  state»  and  articulates  with  the 
fibula.  This  surface  is  bounded  bv  two  prominent  ridges,  continuous  above  with 
the  interosseotis  ridge  ;  they  affonl  attachment  to  the  anterior  and  posterior  infe- 
rior tibio-fibular  ligaments.  The  it  tier  mil  nurfaee  of  the  kiwer  extremity  is  pro- 
longed downward  to  form  a  strong  pyramidal  process,  flattened  from  without 
inward — the  inner  mallvolug.  The  inner  sitrfitre  of  this  process  is  convex  and  sub- 
cutaneous ;  it«  outer  mirfane  is  smooth  and  slightly  concave,  and  articulates  with 
the  astragalus;  its  anterior  harder  is  rough,  for  the  attachment  of  the  anterior 
fibres  of  the  Deltoid  ligament;  its  posterior  horder  presents  a  broad  and  deep 
groove,  directed  obliipiely  downward  and  inward,  which  is  occasionally  double: 
this  groove  transmits  the  tendons  of  the  Tibialis  posticus  and  Flexor  longus  digi- 
torum  muscles.  The  summit  of  the  internal  malleolus  is  marked  by  a  rough 
depression  behind,  for  the  attachment  of  the  internal  lateral  ligament  of  the 
ankle-joint. 

Stnicture. — Like  that  of  the  other  long  bones.     At  the  junction  of  the  middle 

and  lower  third,  where  the  bone  is  smallest,  the  wall  of  the  shaft  is  thicker  than 

in  other  parts,  in  order  to  compensate  for  the  smallness  of  the  calibt-e  of  the  bone. 

Development* — By  three  centres  (Fig.  222) :  one  for  the  shaft,  and  one  for 

each  extremity.  Ossification  comioences 
in  the  centre  of  tlie  shaft  about  the 
seventh  week,  and  gradually  extends  to- 
ward  either  extremity.  The  centre  for 
the  upper  epiiihysis  appears  during  the 
first  year;  it  is  flattened  in  form,  and 
has  a  thin,  tongue-sha])cd  ])rocess  in  front 
which  forms  the  tubercle.  Tbat  for  the 
lower  epiphysis  apjiears  in  the  second 
year.  The  lower  epiphysis  joins  the 
shaft  at  about  the  eighteenth,  and  the 
upper  one  about  the  twentieth,  year. 
Two  additional  centres  occasionally  exist 
—one  for  the  tongue-shaped  process  of 
the  npper  epi])hysis,  which  forms  the 
tubercle,  and  one  for  the  inner  malleolus. 
Articulations. — With  three  hones:  the 
femur,  fibula,  and  astragalus.        .1 

Attachment  of  Muscles* — To  'twelve : 
to  the  inner  tuberosity,  the  Semimem- 
branosus; to  tlie  t>uter  tuberosity,  the 
Tibialis  aoticiis  and  Extensor  longus  digi- 
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torum  and  Biceps  ;  to  the  shaft,  iti?  inter- 
nal surface,  the  Sartorius,  Gracilis,  and 
Semitcndinosas  ;  to  its  external  surface, 
the  Tibialis  anticus;  to  its  posterior  sur- 
face, the  Popliteus,  Solens,  Flexor  longus  digitortim,  and  Tibialis  posticus ;  to  the 
tubercle,  the  ligaraentura  patellae. 


Fig.  222.— PliiD  of  the  dcvelojunctit  of  the  tibia. 
By  three  ceutrea. 


Surface  Form.— A  considerable  portion  of  the  tibia  m  m]mitmeons  and  oasilv  to  be  felf. 
At  the  upper  t'xrremity  the  tubenisities  are  to  be  recognized  ju^t  l>el<>w  the  knee.  The  intemal 
one  isbrotid  and  smonth,  and  merges  into  the  suhcutmieouH  Surface  of  the  shaft  below.  T1)c 
(jxtemal  one  is  nstrrower  and  more  proniiacnt.  and  on  it,  alwut  tuidwa.v  between  the  apex  of  the 
patella  aod  the  head  of  the  fibula,  mjiy  be  felt  a  prominent  tuljercle  for  the  insertion  of  the  ilio- 
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tibia)  band.  la  front  of  the  upper  end  of  the  bone^  between  the  tuberosities,  m  the  tubercle  of 
the  tibia,  formini?  an  oval  eminence,  whieli  is  continuous  below  with  the  anterior  Wrder  or  cre&t 
of  the  b<nie.  This  border  cun  be  felt,  t'onning  the  prominence  of  the  shin,  in  the  upper  two- 
ihiH^  of  its  extent  bein«  sharp  iind  orpine ntinir  a  somewhat  6exuous  course,  l>cing  eun^ed  oul- 
vrard  above  and  inward  bt!tow.  In  tire  lower  third  of  the  leir  the  k>nler  disapjiears.  and  the 
boQd  U  eoneealed  by  the  tendom*  of  the  niuijeles  on  the  frtint  of  the  lej^.  Inicrmd  to  the  ante- 
rior border  is  to  be  felt  the  broad  internal  .surface  of  the  tibia,  slightly  eneroaelied  upon  by  tlie 
lOiisHes  in  front  aufl  behind.  It  t'uninienee.s  above  at  the  wide  expanded  inner  tttberoNity*  and 
tenuinateii  below  at  the  intemtd  ninllefthis.  The  intenud  inalleoliis  is  a  brfdid  pnjnitnenee  situ- 
ated on  a  fiiKher  level  and  ^oiuewliat  farther  iurward  than  the  external  nialkM4us.  It  overhangs 
the  inner  border  of  the  arch  of  ;!ie  toot  Its  anterior  border  is  nearly  straight ;  its  posaterior 
border  presents  a  sharp  edge,  whieh  ibrms  the  inner  margin  of  the  groove  fur  the  tendon  of 
the  Tibiaiiii  posticus  muscle. 

The  Fibula  (Figs.  220,  221). 

The  Fibula  {fihuhf,  a  clasp)  is  situated  at  the  outer  side  of  the  leg.  It  is  the 
ftmaller  of  the  two  bones,  and,  in  proportion  to  its  length,  the  njnst  slender  of  all 
the  long  bones:  it  is  placed  nearly  parallel  but  bebinfl  the  level  of  the  tibia.  Its 
upper  extremity  is  smalb  placed  toward  the  back  of  the  head  of  the  tibia  and 
below  the  level  of  the  knee-joint,  and  excluded  from  its  formation  ;  the  lower 
extremity  inclines  a  little  forward,  so  as  to  be  on  a  plane  anterior  to  that  of  the 
upper  end,  projccta  below  the  tibia,  and  forms  the  outer  ankle.  It  presents  for 
examination  a  shaft  and  twn  extremities. 

The  Upper  Extremity,  or  Head,  is  of  an  irregular  cjnadrate  form,  presenting 
above  a  i^attened  artietihir  facet,  directed  upw^aixl,  forward,  and  inward,  for  artic- 
ulatioD  with  a  corres[)onding  facet  on  the  external  ttiberosity  of  the  tibia.  On 
the  outer  side  is  a  thick  and  rough  prominence,  continued  behind  into  a  pointed 
eminence,  the  sti/hid  prot'esn^  which  projects  upward  from  the  pf>sterior  [lart  of 
the  head.  The  prominence  gives  attachment  to  the  tendon  of  the  Biceps  muscle 
and  to  the  long  external  lateral  ligament  of  the  knee,  the  ligament  dividing  the 
tendon  into  two  parts.  The  swnmit  of  the  styloid  process  gives  attachment  to  the 
short  external  lateral  ligament.  The  remaining  part  of  the  circumference  of  the 
heud  is  rough,  for  the  attachment  of  the  anterior  superior  tibio-fibular  ligament, 
presenting,  in  front,  a  tubercle  for  the  attachment  of  the  upper  and  anterior  part 
of  the  Peronens  longus:  and  behind,  another  tubercle  for  the  attachment  of  the 
posterior  superior  tibio-fibular  ligament  and  the  upper  fibres  of  the  Soleus  muscle. 

The  shaft  presents  four  boi^ders — the  antero-exterrml,  the  antero-inteiual,  the 
poslero-external,  and  the  postero-internal  ;  and  four  surfaces — anterior,  posterior, 
internal,  and  externaL   . 

The  antero-extemal  border  commences  above  in  front  of  the  head,  runs  verti- 
cally downward  to  a  little  below  the  middle  of  the  bone,  and  then,  curving  some- 
what outward,  bifurcates  so  as  to  embrace  the  triangular  subcutaneous  surface 
immediately  above  the  otiter  surface  of  the  external  malleolus.  This  border  gives 
attachment  to  an  intermuscular  septum,  which  separates  the  extensor  muscles  on 
the  anterior  surface  nf  the  leg  from   the  Peroneus  longus  and  brevis  muscles. 

The  antero-internal  border,  or  interosseous  ridge,  is  situated  close  to  the  inner 
ide  of  the  preceding,  and  runs  nearly  parallel  with  it  in  the  upper  third  of  its 
xtent,  but  diverges  from  it  so  a?  co  include  a  broader  space  in  the  lower  two-thirds. 
It  commences  above  just  beneath  the  head  of  the  bone  (sometimes  it  is  quite 
indistinct  for  about  an  inch  below  the  head),  and  terminates  below  at  the  apex  of 
a  rough  triangular  surface  immediately  above  the  articular  facet  of  the  external 
malleolus.  It  serves  fur  the  attachment  of  the  interosseous  membrane,  and  sepa- 
rate;* the  extensor  muscles  in  front  from  the  flexor  muscles  behind. 

The  postero-extemal  border  is  prominent;  it  commences  above  at  the  base 
f>f  the  styloid  pi*ocess,  and  terminates  below  in  the  posterior  border  of  the  outer 
malleolus.     It  is  directed  outward  above,  backward  in  the  middle  of  its  course, 

fkw&rd  and  a  little  inward  bebiw,  and  gives  attaclnaent  to  an  aponeurosis 
ich  separates  the  Perruiei  lunscles  on  the  outer  surface  of  the  shaft  frtuu  the 
flexor  mtiscles  on  its  posterior  surface. 
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The  postero-interaal  border,  sometimes  called  the  oblique  liney  commences  above 
at  the  ill  net"  »lde  of  the  head,  and  terminates  by  becoming  continuous  with  the 
antero-internal  border  or  interosseous  ridge  at  the  lower  fourth  of  the  hone-  It  is 
well  marked  and  prominent  at  the  upper  and  mi<ldle  parts  of  the  hone.  It  giveal 
attachment  to  an  aponeurosis  which  separates  the  Tibialis  posticus  from  the  Solens 
above  and  the  Flexor  lon^us  hallueis  below. 

The  anterior  surface  is   the  interva!   between   the  antero-external  and  antero-. 
internal  borders.     It  h  extremely  narrow  and  flat  in  the  upper  third  of  its  exleni;' 
broader  and  grooved  longitudinally  in  its  lower  third;  it  serves  for  the  attachment 
of  three  muscles,  the  Extensor  longus  digitorum,  Peroneus  tertius,  and  Extensor 
proprius  hallueis. 

The  external  atirface  is  the  space  between  the  antero-external  and  postero- 
external borders.  It  h  much  broader  than  the  preceding,  and  often  deeply  grooved, 
is  direete<l  outward  in  the  upper  two-thirds  yf  its  course,  backward  in  the  h>wer 
third,  where  it  is  continuous  with  the  posterior  b<U"der  of  the  external  nuilleolus* 
This  surface  is  comjjletely  occupied  by  the  Peroneus  longys  and  brevis  muscles* 

The  mtemal  surface  is  the  interval  included  between  the  antero-internal  and 
the  postero-internal  borders.  It  is  directed  inward,  and  is  grooved  for  the  attach- 
ment of  the  Tibialis  posticus  muscle. 

The  posterior  surface  is  the  space  included  between  the  posteroexternal  and! 
the   postero-internal   borders;  it   is  crmtinuous  below  with   the  rough    triangulurl 
surface  above  the  articular  facet  of  the  outer  malleolus;    it  is  directed  backward 
above,   backward  and  inward  at  its  middle,  directly  inward  below.     Its  upper 
third  is  rough,  for  the  attachment  of  the  Soleus  muscle  ;    its  lower  part  present* 
a  triangular  rough  surface,  connected  to  the  tibia  by  a  strong  interosseous  ligament, 
and  between  these  two  points  the  entire  surface  is  covered  by  the  fibres  of  origin  i 
of  the  Flexor  longus  hallueis  muscle.     At  about  the  middle  of  this  ffurface  is  the 
nutrient  f iramcn,  which  is  directed  downward. 

The  Lower  Extremity,  or  external  malleolus,  is  of  a  pyramidal  form,  somewhat 
flattened  from  without  inwaid^and  is  longer,  and  descends  lower  than  the  internal 
malleolus.  Its  extenial  sitrfaef  is  convex,  subcutaneous,  and  continuous  with  the 
triangular  (also  subcutaneous)  surface  on  the  outer  side  of  the  shaft.  The  mffnidf 
nurface  presents  in  front  a  smooth  triangular  facet,  broader  above  than  below,  and 
convex  from  above  downward,  which  articulates  with  a  corresponding  surface  on 
the  outer  side  of  the  astragalus.  Behind  and  beneath  the  articular  surface  is  a 
rough  dejiression  which  gives  attachment  to  the  posterior  fasciculus  of  the  external 
lateral  ligament  of  the  ankle.  The  a/tliTior  horder  is  thick  ami  nuigh,  and  marked 
below  l>y  a  depression  for  the  attachment  of  the  anterior  fasciculus  of  the  external 
lateral  ligameot.  The  poaU'rior  hordt-r  is  broad  and  nnuked  by  a  shallow  groove^ 
for  the  passage  of  the  tendons  of  the  Peroneus  longus  and  brevis  muscles.  The 
uummii  is  rounded,  and  gives  attachment  to  the  middle  fasciculus  of  the  external 
lateral  ligament. 

In  order  to  distinguish  the  side  to  which  the  bone  behmgs,  hold  it  with  the 
lower  extremity  downward  and  the  broad  groove  for  the  Peronei  tendons  baek- 
ward^ — /.  e.  toward  the  holder:  the  triangidar  subcutaneous  surface  will  then  be 
directed  to  the  side  to  which  the  bone  belongs. 

Articulations. — With  two  bones :   the  tibia  and  astragalus. 

Development. — By  ^Ar^^c  centres  (Fig,  228):  one  for  the  shaft,  ami  one  for 
each  extremity.  Ossification  commences  in  the  shaft  about  the  eighth  week  of 
fiietal  life,  a  little  later  than  in  the  tibia,  and  extends  gradually  toward  the 
extremities.  At  birth  both  ends  are  cartilaginous.  Ossification  conmiences  in 
the  lower  end  in  the  seconil  year^  and  in  the  upper  one  about  the  fourth  year. 
The  lower  epiphysis,  the  first  tn  which  ossification  commences,  becomes  united  to 
the  shaft  about  the  twentieth  year;  the  upper  epiphysis  joins  about  the  twenty- 
fifth  year.  Ossification  appearing  first  in  the  lower  epiphysis  is  contrary  to  the 
rule  which  prevails  with  regard  to  the  cinuruencement  of  ossification  in  epiphyses 
— viz.  that  that  epiphysis  toward  which  the  nutrient  artery  is  directed  commences 
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Upper  extremity. 


Appran  about  ^ 
4th  srear. 


Vnitea  abotd 
S5th  year. 


Appears  at 
Ihtdyear.  ' 


Uniffs  about 
fOth  fear. 


to  ossify  last;  but  it  ft^llows  the  rule  which  prevails  with  regard  to  the  uninn  of 

epiphyses,  by  uniting  first* 

Attachment  of  Muscles.— To  nine  :    t<>  the  head, 

the    Biceps,    8oIeiis,   and    EVroneus    longus ;  to    the 

shaft,  its  anterior  surface,  the  Extensor  longus  digi- 

toninij  Peraneus  tertius,  and  Extensor  proprius 
jhallucia;  to  the  internal  surfiice,  the  Tibialis  pos* 
^ticus  ;  to  the  p^J8terio^  surface,  the('Soleiis/and  Flexor 

longus  hullucis ;  to  the  external  surface,  the  jPeroneus 

loDgus/iind  brevis. 

Surface  Form.—The  unly  parts  of  the  fibula  which  are 

|to  be  felt  are  the  head  ai»>l  the  iow*T  jviirt  of  the  external  sur- 

"  je  of  the  flhall  and  the  external  nialleolus.     The  he:id  is  to 

seen  and  felt  behiiui  and  to  ilie  ouier  side  uf  the  outer 

llutHjrosity    of    ihe   tibia,     tt    present**   ii    small,    prominent 

llriiinj^ular  eminenee  ssUglitly  uhove  the  level  of  the  tiiberele 

laf  the  tibia.     The  external  malleolus  presents  a  narrow  elori- 

pnjmiiJCiiee.  silaated  un  a  plane  posterior  to  the  internal 

lleolu^  anl  rearhrnir  tn  a  lower  level      Fruui  it  may  he 

the  lower  third  or  half  id"  the  externid  surface  of  the 

shafi  o«f  Uie  bone  in  the  inttTvul  between  tht-  l*en»neus  tertius 

in  front  and  the  other  two  Peronei  tendons  behind. 

Surgical  Anatomy. ^Tn  frai'tures  of  the  bones  of  the 
le?  both  Uines  are  usually  thietured,  but  each  bone  m^y  be 
bnjkcn  sc*parately,  the  fibula  more  treoueruly  than  the  tibia. 
Fraeture  of  Ixith  b<r»ncs  may  be  caused  either  by  <hrecit  or  indirect 
violence.  When  it  oeeurs  from  indirefj-t  force,  the  thielure  in 
the  tibia  is  at  the  j unci  ion  of  the  middle  and  lower  third  of 
the  bone.  Many  causes  condut^e  to  render  this  the  weakest 
part  of  the  bme.  The  fraeture  of  the  fibula  is  usually  at 
rather  a  higher  level.  These  fractures  present  great  variety, 
T)otb  as  re^urib  their  direcrtion  and  condition.  They  may  be 
oblique.  Iransverse,  lon|jitudinal,  or  spiral.  When  obli<iue, 
,  tbey  are  usually  tbe  result  of  indirect  violence,  and  the  direetion  of  the  fnictnre  is  from  l»ehind, 
downwarfl,  Rtrward,  and  inward  in  many  eases,  but  may  be  downwanl  and  outward  or  ilown ward 
and  hiackwanl.  When  transvers*^-,  the  fraeture  is  id'len  at  tlie  ut>per  part  of  the  boue,  and  is  the 
result  of  direct  v'olenee.  The  spiral  fracturti  usually  commences  as  a  vertical  fissure,  involving 
be  ankle-joint,  and  is  associated  witli  fraeture  of  the  fibida  higher  up*  It  is  the  result  of  torsion, 
nom  twisting?  of  the  body  whilst  the  foot  is  fix'ed. 

Fractures  of  the  tibia  alone  are  almost  always  the  result  of  direct  violence,  except  where  the 
malleolus  is  broken  off  by  twist.s  of  the  fnot.     Frat'tur€\s  of  the  tibnk  alone  may  arise  from 
lipdireet  or  direct  force,  those  of  the  lower  end  bein^  usually  the  result  of  the  former,  and  those 
fttgher  up  bein^  caused  by  a  direc^t  blow  on  the  part. 

The  tibia  and  fibula,  Ifke  the  femur,  are  frequently  the  seat  of  ax^nte  neerosis.     Chronic 
iheoeas  is  more  fre^iuently  met  with  in  the  caneellonsi  tissue  of  the  head  and  low^er  end  of  the 
Itibia  than  in  any  other  bone  of  the  l>ody.     Tbe  absoesa  is  of  small  size,  very  chronic^  and  the 
Ire^ult  of  rare tyin^  osteitis  of  a  localized  portion  of  the  caneellons  tissue. 

The  tibia  is  the  bone  which  is  most  frequently  and  most  extensively  distorted  in  rickets.  It 
wives  way  at  the  junctii>n  of  the  midille  and  luwer  third,  its  weakest  part,  and  presents  a  curve 
forwarti  and  outward. 

THE  FOOT  (Figs.    224,    225). 

The  skeleton  of  the  Foot  con«ists  of  three  divisions:  tbe  Tai*sus»  Metatarsus, 
and  Pbuliinges. 

The  Tarsus. 

The  bones  of  the  Tarsus  are  seven  in  number :  viz.  tbe  calcanettm  or  os  calcis, 
astragalus,  cuboid,  navicular,  internal,  middle,  and  external  cuneifoim  bones. 


Ijtftfr  extremitif. 


Fio.  223.— Plan  of  the  develop- 
ment of  the  flbula.  By  ttirce  centres. 


The  Calcaneum. 

The  CalcaneniEr  or  Os  Calcis  (eah^  the  heel),  is  the  largest  and  strongest  of  the 
kraal  bones.     It  is  irregularly  cuboidal   in    form,  havincf  its  long  axis  directed 
and  outward.     It   is   situatetl   at    the   lower  and   back  j>art  nf  the  foot, 
serving  to  transmit  the  weight  of  the  body  to  the  ground,  and  forming  a  strong 


Inn^rmot/  tendon  of 


Fkulanges, 


tXTCriAOR   LON«U»  MAUJLKM. 


Fio.  224.— Bonea  of  the  right  fvKH.    t»^tRWil  surface. 
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lever  for  the  mimcles  of  the  calf.     It   presents  for  examination  six  surfaces: 
superior,  inferior,  external,  internal,   anterior,  and  posterior. 

The  superior  surface  is  formed  behind  by  the  upper  aspect  of  that  part  of  the 
OS  calcis  which  projects  backward  to  form  the  heeL  It  varies  in  length  in  differ- 
ent individuals;  is  convex  from  side  to  side,  ("*incave  from  before  backward,  and 
corresponds  above  to  a  mass  of  adipose  substance  placed  in  front  of  the  tendo 
Achillis.  In  ihe  middle  of  the  suj)erior  surface  are  two  (sometimes  three)  articular 
facets,  separated  Hv  a  broad  shallow  groove,  which  is  diiTctefl  obliquely  forward 
and  outward,  ana  is  rough  ft>r  the  attachment  of  the  interosseous  ligament 
connecting  the  astragalus  and  os  calcis.  Of  the  two  articular  surfaces,  the  external 
is  the  larger,  and  situated  on  the  body  of  the  bone:  it  is  of  an  oblong  form,  wider 
behind  than  in  front,  and  convex  from  before  backward.  The  Internal  articular 
Efface  is  supported  on  a  projecting  process  of  bone,  culled  the  lesser  process  of 
the  calcaneum  (m^fentaenlum  tali);  it  is  also  oblong,  concave  longitudinally,  and 
sometimes  subdivided  into  two  parts,  which  tliffer  in  size  and  shape.  More 
anteriorly  is  seen  the  upj>er  surface  of  ihe  (/7X'ater  proeem,  marked  by  a  rough 
depression  for  the  attachment  of  numerous  ligaments,  and  a  tubercle  for  the  origin 
of  the  Extensor  brevis  digitorum  muscle. 

The  inferior  surface  is  narrow,  rough,  uneven,  wider  behind  than  in  front 
and  convex  from  side  to  side ;  it  is  bounded  posteriorly  by  two  tubeix*les  separated 
by  a  rough  depression  ;  the  fxtt'nHt!^  small,  prominent,  and  rounded^  gives  attach- 
ment to  part  of  the  Abductor  minimi  <ligiti  r  the  inti'ntfif,  broader  and  lai^ger,  for 
the  support  of  the  heel,  gives  attachment,  by  its  prominent  inner  margin,  to  the 
Abductor  hallucis,  and  in  front  to  the  Flexor  brevis  digitorum  muscles ;  the 
depression  between  the  tubercles  gives  attachment  to  the  Abductor  minimi  digiti 
and  plantar  fascia.  The  rough  surface  in  front  of  the  tubercles  gives  attachment 
to  the  long  plantar  ligament  and  to  the  outer  head  of  the  Flexor  aceessorius 
muscle;  and  to  a  prominent  tubercle  nearer  the  anterior  part  of  this  surface,  as 
well  as  to  a  transverse  groove  in  front  of  it,  is  attached  the  short  plantar  liga- 
ment. 

The  external  siirface  is  broad,  Hat,  and  almost  subcutaneous ;  it  presents  near 
its  centre  a  tubercle,  for  the  attachment  of  the  middle  fasciculus  of  the  external 
lateral  ligament.  At  its  upper  and  anterior  part  this  surface  gives  attachment  to 
the  external  caicaneo-astragaloid  ligament ;  and  in  front  of  the  tubercle  it  presents 
a  narrow  surface  marked  by  two  oblifjue  grooves,  separated  by  an  elevated  ridge 
which  varies  much  in  size  in  diflerent  bones;  it  is  named  the  peroneal  rid(/e^  and 
gives  attachment  to  a  fibrous  process  from  the  external  annular  ligament.  The 
Muperior  (jnmre  transmits  the  tendon  of  the  Peroneiis  brevis ;  the  iftfcrior.  the 
■tendon  »»f  the  Peroneus  longus. 

The  internal  surface  |iresents  a  deep  concavity,  directed  ol>liijuely  downward 
and  forward,  i\*v  the  transmission  of  the  plantar  vessels  and  nerves  into  the  sole 
of  the  foot;  it  affords  attachment  to  part  of  the  Flexor  aceessorius  muscle.  This 
surface  presents  an  etninence  of  bone,  tha  fmser  process  or  sustentaeuhim  tah\ 
which  projects  horizcn tally  inward  from  its  upper  and  fore  part,  and  to  which  a 
slip  of  the  tendon  of  the  Tibialis  posticus  Is  attached.  This  process  is  concave 
above,  and  supports  the  anterior  articular  surface  of  the  astragalus ;  below,  it  is 
grooved  for  the  tendon  fjf  the  Fk*xor  long  us  hallucis.  Its  free  margin  is  rough, 
for  the  attachment  of  part  of  the  internal  lateral  ligament  of  the  ankle-joint. 

The  anterior  surface,  of  a  somewhat  triangular  form,  articulates  with  the 
cuboid.  It  is  concave  from  above  downward  and  outward,  and  convex  in  the 
opposite  direction.  Its  inner  border  gives  attachment  to  the  inferior  calcaneo- 
navicular ligament. 

The  posterior  snrface  is  rough,  prominent,  convex,  and  wider  below  than  above. 
Its  lower  part  is  rough,  for  the  attachment  of  the  tendo  Achillis  and  of  the  Plan- 
laris  muscle ;  its  upper  part  is  smooth,  and  is  covered  by  a  bursa  which  separates 
the  tendon  from  the  bone. 

Articulations. — With  two  bones:  the  astracralus  anil  cuboid. 
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Attachment  of  Muscles. — To  eight  :  part  of  the  Tibialis  posticus,  the  tendo 
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Achillis,  Phintaris,  Abductor  hiilliici.s,  Abditetur  mini  mi  digiti.  Flexor  brevis  digi- 
toruiu,  Flexor  accessorius,  and  Exteosor  brevis  digitonim. 


The, 


The  Astragalus. 

Tpdyalo^^  a  die)  is    the  la 


the  tarsal  \m 


Astragalus  {aarpayaAoi;^  a  die)  is  ttie  largest  ot  tlie  tarsal  bones, 
tlie  OS  calt'is.  It  occupies  tbe  middle  and  upper  pari  of  tbe  tarsus*  stipfiorting  the 
tibia  above,  articiilatiug  with  the  malleoli  on  either  side,  resting  below  upon  the 
OS  eaicis.  and  joined  in  front  to  the  na\  ieular.  This  hone  may  easily  be  recognized 
by  its  large  roundeil  head,  by  the  broad  urticular  facet  on  its  upper  convex  surface, 
or  by  the  two  articular  facets  separated  by  a  deep  groove  on  its  under  concave 
surface.     It  presently  six  surfaces  for  examination. 

The  superior  surface  presents,  bchmd,  a  broad  smooth  trochlear  surface  for 
articidatiHii  with  the  tibia*  The  trochlea  is  broader  in  front  than  behind, convex 
from  hefire  back  ward,  slightly  concave  from  side  to  side;  in  front  of  it  is  the  iipfier 
surface  of  the  neck  of  the  astragalus,  rough  for  the  attachment  of  ligaments. 
The  inferior  surface  presents  two  articular  facets  separated  by  a  deep  groove. 
The  groove  runs  obliquely  forward  and  outward^  becoming  gradually  broader 
and  deeper  in  front  :  it  corresptmds  with  a  similar  groove  upon  the  upper  surface 
of  the  OS  caleis,  and  forms,  when  artictilated  with  that  bone,  a  canal,  filled  up  in 
the  recent  state  by  tbe  interosseous  calcanen-astragaloid  ligament.  Of  the  two 
articular  facets,  the  posterior  is  tbe  larger,  of  an  i>blong  form  and  deeply  eimcave 
from  side  to  side;  the  anterior,  although  nearly  of  eipial  length,  is  narrower,  of  an 
elongated  oval  form,  convex  limgitiidinally,  and  often  subdivided  into  two  by  an 
^elevated  ridge;  of  these,  the  posterior  articulates  with  the  lesser  process  of  the  os 
f-calcis  ;  tbe  anterior,  with  the  upper  surface  of  the  inferior  calcaneo-navicular  liga- 
ineiil.  The  inh^nnA  mtrfai-e  presents  at  its  upper  part  a  pear-shaped  articular  facet 
fir  the  inner  malleolus,  continuous  above  w  ith  the  trochlear  surface ;  below^  the 
articular  surface  is  a  rough  depression,  for  tbe  attachment  of  the  deep  portion  of 
the  internal  lateral  ligament.  The  erteriial  surface  presents  a  large  triangular 
facet,  concave  from  above  downward  for  articulation  with  tbe  external  malleolus; 
it  is  continuous  above  with  the  trochlear  surface;  and  in  front  of  it  is  a  rough 
depression  for  the  attaeliment  of  the  anterior  fasciculus  of  the  external  lateral 
[ligament  of  the  ankle-joint.  The  anterior  surface,  convex  and  rounded,  forms 
the  head  of  the  astragalus;  it  is  smooth,  of  an  oval  form*  and  directed  obliquely 
inward  and  downward ;  it  articulates  with  the  navicular,  (Jn  its  under  surface  is 
a  small  facet,  continuous  in  front  with  tbe  artieular  surface  of  tbe  head,  and 
behind  with  the  smaller  facet  for  the  oscalcis.  This  rests  on  the  inferior  calcaneo- 
navicular ligament,  being  separated  fr<im  it  by  the  synovial  membrane,  which  is 
prolonged  from  tbe  anterior  calcaneo-astragaloid  joint  to  the  astragalo-navicular 

4'omt.  The  head  is  surrounded  by  a  constricted  portion,  the  neck  of  tbe  astragalus, 
'he  posterior  gnrfare  is  narrow,  and  traversed  by  a  groove,  which  runs  oblifpiely 
downward  un<i  inward  and  transmits  the  tendon  of  the  Flexor  longus  hallucis, 
external  to  which  is  a  ]vroniinent  tubercle,  to  which  the  posterior  fasciculus  of  the 
external  lateral  ligament  isattaclied.  To  the  inner  side  of  the  groove  is  a  second, 
but  less  marked  tubercle. 

To  ascertain  to  which  ftjot  the  bone  belongs,  hold  it  with  the  brcmd  articular 
surface  upward,  and  the  rounded  head  forward ;  the  lateral  triangular  articular 
surface  for  the  external  malleolus  will  then  point  to  the  side  to  which  the  bone 
belongs. 

Articulations, — With  four  bones:  tibia,  fibula,  os  ciilcis,  and  navicular. 


The  Cuboid, 

The  Cuboid  (rj/3oc,  a  cube;  sJth^.  like)  bone  is  placed  on  the  outer  side  of 
the  foot,  in  front  of  the  os  calcis,  and  behind  the  fourth  and  fifth  metatarsal  bones. 
It  is  of  a  pymmidal  shape,  its  base  being  ilirected  upward  and  inward,  its  apex 
downwanl  and  outward.      It  may  be  distinguished  from  the  other  tarsal  bones  by 


THE  SKELETON. 

the  existence  of  a  deep  groove  on  its  under  surface,  for  the  tendon  of  the  Peroneus 
longus  muscle.  It  presents  for  examination  six  surfaces :  three  articular  and 
three  non-articular. 

The  non-articular  surfaces  ure  the  superior,  inferior,  and  external.  The 
»tipen'or  or  dorml  smifter,  directed  upward  and  outward,  is  rough,  for  the  attach - 
toent  of  numerotis  ligsiments.  The  infirht'  or  phut  tar  Hurfacr  presents  in  front  a 
deep  groove,  which  runs  oblitjuely  from  without,  forward  and  inward  ;  it  lodge!* 
the  tendon  of  the  Peroneus  longus,  and  is  bounded  behind  by  a  |irominent  ridge* 
to  which  is  attached  the  long  ealcaneo-euboid  ligament.  The  ridge  terminates 
externally  in  an  euiinence,  the  tuherfmty  of  the  eubotd^  the  surface  of  which 
presents  a  convex  facet,  for  articuhition  with  the  se^samoid  bone  of  the  tendon 
contained  in  the  groove.  The  surface  of  bone  behind  the  groove  is  rough,  for  the 
attachment  of  tbe  short  plantar  ligament,  a  few  fibres  of  the  Flexor  brevis  hallncis, 
and  a  fasciculus  from  the  tendon  of  the  Tibialis  posticus.  The  external  surface^ 
the  smallest  and  narrowest  of  the  three,  presents  a  deep  notch  formed  by  the 
commencement  of  the  peroneal  groove. 

The  articTilar  smrfacea  are  the  posterior,  anterior,  and  internal*  The  posterior 
surfiin'  is  smooth,  triangular,  and  concavo-convex,  ftu*  artirulation  with  the 
anterior  surface  of  the  os  calcis.  The  anterior,  of  smaller  size,  but  also  irregu- 
larly triangular,  is  divided  by  a  vertical  ridge  into  two  facets:  the  inner  one, 
quadrilateral  in  form,  articulates  with  the  fourth  metatarsal  bone ;  the  outer  one, 
larger  and  more  triangular,  articulates  with  the  fifth  metatarsaL  The  hiternal 
surfaet'  is  broad,  rough,  irregularly  quad ri lateral,  presenting  at  its  middle  and 
upper  part  a  smooth  oval  flicet,  for  articuhition  with  the  external  cuneift^rm  bone; 
and  behind  this  (occasionally)  a  smaller  facet,  for  articulation  with  the  navic- 
ular: it  is  rough  in  the  rest  of  its  extent,  for  the  attachment  of  strong  interosseous 
ligaments. 

To  ascertain  to  which  foot  the  bone  belongs,  hold  it  so  that  its  under  surface, 
marked  by  the  peroneal  groove,  looks  downward,  and  tlie  large  concavo-convex 
articular  surface  backward  toward  the  holder:  the  narrow  non-articular  surface^ 
marked  by  the  commencement  of  the  peroneal  groove,  will  point  to  the  side  to 
which  the  bone  belongs, 

Articiilatioiis,— With  four  bones :  the  os  culcis,  external  cuneiform,  and  the 
fourth  and  fifth  metatarsal  bones ;   occasionally  with  the  navicular 

Attachment  of  Muscles. — Part  of  the  Flexor  brevis  hallucia  and  a  slip  from 
the  tendon  of  the  Tibialis  posticus. 

Til©  Navicular. 

The  Navicular  or  Scaphoid  bone  is  situated  at  the  inner  side  of  the  tarsus* 
between  the  astragalus  behind  and  the  three  cuneiform  bones  in  front-  It 
may  be  distinguished  by  its  form,  being  cfUicave  behind,  convex  anfi  subdivided 
into  three  facets  in  front. 

The  anterior  Mitrface,  of  an  oblong  form,  is  convex  from  side  to  side,  and  sub- 
divided hy  two  ridges  into  three  facets,  for  articulation  with  the  three  cuneiform 
bones*  The  poster it»r  snrfaee  is  oval,  concave,  broader  externally  than  internally* 
and  articulates  with  the  rounded  head  of  the  astragalus.  The  tsttpen'or  surface  is 
convex  from  side  to  side,  and  rough  for  the  attachment  of  ligaments.  The 
inferior  is  irregular,  and  also  rough  for  the  attachment  of  ligaments.  The  internal 
mirface  presents  a  rounded  tubercular  eminence,  the  tuberositi/  of  the  navicular, 
the  lower  part  of  which  projects,  and  gives  attachment  to  part  of  the  tendon  of 
the  Tibialis  posticus.  The  ejtrrnai  Hitrfare  is  rough  and  irregular,  for  the 
attachment  of  ligamentous  fibres,  and  occasionally  presents  a  small  facet  for 
articulation   with   the  cuboid  I) one. 

To  ascertain  to  which  fo»>t  the  bone  belongs,  hold  it  with  the  concave  articular 
surface  backward,  and  the  convex  dorsal  surface  upward;  the  external  surface — 
i,  e,  the  surface  opposite  the  tubercle — will  point  to  the  side  to  which  the  bone 
belongs. 
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AiticiilatioxiB. — With  four  bones:  astragalus  and  three  cimeiform ;  occasionally 
also  viuh  tlie  cuboid. 

Attachment  of  Muscles. — ^Part  of  the  Tibialis  posticus. 

The  Cimeiform  Bones. 

The  Cuneiform  Bones  have  received  their  name  from  their  wedge-like  shape 
(«i^/ie?i«.  a  wedge  ;/<>/'?/;<?,  likeness).  They  form,  with  the  cuboid,  the  anterior 
row  rif  the  tarsus,  being  placed  Ut'tween  the  navicular  behind,  the  three  innermost 
letatarsal  bones  in  front,  and  the  cuboid  externally.  They  are  called  the  firsts 
veoml,  and  third,  counting  from  the  inner  to  the  outer  side  of  the  foot,  and, 
from  their  position,  Internal,  inkldhy  and  extern  ah 

The  Internal  Cnneiform  is  the  largest  nf  the  thi^ee.  It  is  situated  at  the  inner 
side  of  the  foot,  between  the  navicular  behind  and  the  base  of  the  first  metatarsal 
m  front.  It  may  he  distinguished  from  the  other  two  by  its  large  size,  and  its 
more  irregular,  wedge-like  form.  Without  the  others,  it  may  be  known  by  the 
large  kidney-shaped  anterior  articolating  surface  and  by  the  prominence  on  the 
inferioir  or  plantar  surface  for  the  attachment  of  the  Tibialis  posticus.  It  presents 
for  examination  six  surfaces. 

The  mtrrnal  Hurface  is  subcutaneous,  and  forms  part  of  the  inner  border  of  the 

foot;  it  is  broad,  qiiadrilateral,  and  presents  at  its  anterior  inferior  angle  a  smooth 

vaX  facet,  into  which   the  tendon  of  the  Tibialis  antieus  is  partially  inserted ;  in 

he  rest  of  its  extent  it  is  rough,  for  the  attachment  of  ligaments.     The  iuternal 

mtrfacr  is  concave,  presenting,  ahmg  its  superior  and  posterior  borders,  a  narrow 

reversed  L-shaped  surface  for  articulation  with  the  middle  cuneiform  behind,  and 

second  metatarsal  bone  in   front;  in  the  rest  of  its  extent  it  is  rough  for  the 

attachment  of  ligaments  and  part  of  the  tendon  of  the  Peronens  longus.     The 

anterior  sjirfuce,  kidney -shaped,  much  larger  than  the  posterior,  articulates  with 

the  metatarsal  hone  of  the  great  toe.     The  posterior  mirfaee  is  triangular,  concave, 

and  articulates  with  the  innermost  and  largest  of  the  three  facets  on  the  anterior 

surface  of  the  navicular.     The  inferior  or  plantar  surface  is  rough,  and  presents  a 

prominent  tuberosity  at  its  back  part  for  the  attachment  of  part  of  the  tendon  of 

the  Tibialis  posticus.     It  also  gives  att^ichment  in  front  to  part  of  the  tendon  of  the 

Lthe  Tibialis  anticus.     The  superior  gurface  is  the  narrow-pointed  end  of  the  wedge, 

P'which  is  directed  upwaid  and  outward  ;  it  is  rough  for  the  attachment  of  ligaraenis. 

To  ascertain  to  which  side  the  bone  belongs,  hold  it  so  that  its  superior  narrow 

^adge  looks  upward,  and  the  long,  kidney-shaped,  articular  surface  forward ;  the 

sxternal  surface,  marked  by  its  vertical  and  hoi^zontal  articular  facets,  will  point 

"to  the  side  to  which  it  belongs. 

Articulations.-^With  four  bones:  navicular,  middle  cuneiform,  first  and  second 
He Ui tarsal  bones* 

Attachment  of  Muscles.— To  three:  the  Tibialis  anticus  and  posticus,  and 
Peroneus  longus. 

The  MidcUe  Cuneifarm,  the  smallest  of  the  three,  is  of  very  regular  wedge-like 
fonn,  the  broad  extremity  being  placed  upwai^d,  the  narrow  end  downward.  It 
is  situated  between  the  other  two  bones  of  the  same  name,  and  articulates  with 
the  navicular  behind  and  the  second  metatarsal  in  front.  It  may  be  distinguished 
kfrom  the  external  cuneiform  hone,  which  it  much  resembles  in  general  appearance, 
by  ihe  articular  facet,  of  angular  form,  which  runs  round  the  upper  and  back  part 
of  its  inner  surface ;  and  if  the  two  bones  from  the  same  foot  are  together,  the 
Liniddle  cuneiform  is  much  the  smaller. 

The  anterior  surfiice^  triangular  in  form  and  narrower  than  the  posterior, 
krticrilates  with  the  base  of  the  second  metatarsal  bone.  The  post:^rior  surface, 
'also  triangular,  articulates  with  the  navicular.  The  internal  surface  presents  a 
reversed  L*shaped  articular  facet,  running  along  the  superior  and  posterior  borders, 
for  articulation  with  the  internal  cuneiform,  and  is  rough  in  the  rest  of  its  extent 
for  the  aitaeliment  of  ligaments.  The  external  surface  presents  posteriorly  a 
smooth  facet  for  articulation  with  the  external  cuneiform  bone.     The  superior 
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surface  forms  the  base  of  the  wedge ;  it  is  quadrilateral,  broader  behind  than  in^ 
front,  and  rough  for  the  attachment  of  ligateents.  The  inferior  Hurftiee^  pointedi 
and  tubercular,  h  also  rough  for  ligamentous  attachment  and  for  the  iasertion  off 
a  slip  from  the  tendon  of  the  Tibial isi  posticus. 

To  ascertain  to  which  foot  the  hone  belongs,  hold  its  superior  or  dorsal  surface 
upward,  the  broadest  edge  being  toward  the  holder:  the  smooth  facet  (limited 
to  the  posterior  border)  will  then  point  to  the  side  to  which  it  behmgs. 

Articulations.— With  four  bones:  navicular,  internal  and  external  cuneiform,.] 
and  second  metatarsal  bone. 

Attaclunent  of  Muscles. — A  slip  from  the  tendon  of  the  Tibialis  posticus 
attached  to  this  botie. 

The  External  Cimeiform,  intermediate  in  size  between  the  two  preceding,  is 
of  a  very  regular  wedge-like  form,  the  broad  extremity  being  placed  upward,  the 
narrow  end  downward.  It  occupies  the  centre  of  the  front  row  of  the  tarsus 
between  the  middle  cuneiform  internally,  the  cuboid  externally,  the  navicular 
behind,  and  the  third  metatarsal  in  front.  It  is  distinguished  from  the  internal 
cuneiform  bone  by  its  more  regular  wedge-like  shape  and  by  the  absence  of  thai 
tidneV'shajH.^il  articular  surface;  from  the  middle  cuneitbrni,  by  the  absence  of  the] 
reversed  L-shaped  facet,  and  by  the  two  articular  facets  which  are  present  on  both 
its  inner  and  outer  surfaces.     It  has  six  surfaces  for  examination. 

The  anterior  mirfaci\  triangular  in  foi*m,  articulates  with  the  third  metatarsal 
bone.  The  jwMerior  surface,  articulatt^s  with  the  most  external  facet  of  the 
navicular,  and  is  rough  below  for  the  attachment  of  ligamentous  fibres.  The 
iuternal  siuf^jee  presents  twt*  artictdar  facets,  separated  by  a  rough  depression  ; 
the  anterior  one,  sometimes  divided  into  two,  articulates  with  the  outer  side  of  the 
base  of  the  second  metatarsal  bone ;  the  posterior  one  skirts  the  posterior  border 
and  articulates  with  the  middle  cuneiform  ;  the  rough  depression  between  the  two 
gives  attachment  to  an  interosseous  ligament.  The  external  mirface  also  presents 
two  articular  facets,  se[)arated  by  a  rough  non-articular  surftice  ;  the  anterior  facet, 
situated  at  the  superior  angle  of  the  bone,  is  small,  and  articulates  with  the  inner 
side  of  the  base  of  the  fourth  metatarsal ;  the  posterior  and  larger  one  articulates 
with  the  cuboid;  the  rough,  n on- articular  surface  serves  for  the  attachment  of  an 
interosseous  ligament.  The  three  facets  for  articulation  with  the  three  tnetatarsal 
bones  are  continuous  with  one  aufKber,  and  covered  by  a  j^rolongation  of  the  same 
cartilage;  the  facets  for  articulation  with  the  middle  cuneiform  and  navicular  are. 
also  continuous,  but  that  for  artictilation  with  the  cuboid  is  usually  separate.  The' 
superior  or  doraal  surface  is  of  an  oblong  square  form,  its  posterior  external  angle 
being  prolonged  backward.  The  inferior  or  plantar  tmrfave  is  an  obtuse  rounded 
margin,  and  serves  for  the  attachment  of  part  of  the  tendon  of  the  Tibialis  posticus, 
part  of  the  Flexor  brevis  hallucis,  and  ligaments. 

To  ascertain  to  which  side  the  bone  belongs,  hold  it  with  the  broad  dorsal 
surface  upwanL  the  prolonged  edge  backward ;  the  separate  articular  facet  for 
the  cuboid  will  point  to  the  proper  side. 

Articulations. — With  six  bones:  the  navicular,  middle  cuneiform,  cuboid,  and 
second,  rliird,  and  fourth  metatarsal  hones. 

Attacliment  of  MuBcles. — To  two :  jmrt  of  the  Tibialis  posticus,  and  Flexor 
brevis  hallucis. 

The  Metatarsal  Bones. 

The  Metatarsal  Bones  are  five  in  nuod>er ;  they  are  long  bones,  and  present  for' 
examination  a  shaft  and  two  extremities. 

Common  Characters.^— The  shaft  is  prismoid  in  form,  tapers  gradually  from  the 
tarsal  to  the  phalangeal  extremity,  and  is  slightly  curved  longitudinally,  so  as  to 
be  concave  below,  slightly  convex  above.  The  pogteriryr  ertremiti/^  or  f>nge^  is 
weilge-sbajied,  articulating  by  its  tennitud  surface  with  the  tarsal  bones,  and  by 
its  lateral  surfaces  with  the  contiguous  metatarsal  bones,  its  dorsal  and  plantar 
surfaces  being  rough  for  the  attachment  of  ligaments.     The  anterior  exiremiig^ 
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or  head^  presents  a  teniiinal  rounded  articular  surface,  oblong  from  ubove 
downward  and  extending  farther  backward  below  than  above.  Its  siden  are 
flattened^  and  present  a  depression,  surniounted  hv  a  tnbercle,  for  lic^amentous 
attacLment.  Its  under  surface  is  grooved  in  the  middle  line  for  the  fmssage  of 
tbe  Flexor  tendon,  and  marked  on  each  side  by  an  articular  eminence  continuous 
with  the  terminal  articular  surface. 

Peculiar  Cliaracters. — Tbe  First  ii<  remarkable  for  its  great  thickness,  but  is  the 
shortest  of  all  the  metatarsal  bones.  The  9thaft  is  strong  and  of  well-marked  pris- 
moid  form.  The  posterior  extremkif  presents  at  times  a  lateral  articular  facet  for 
the  second  metatarsal ;  its  terminal  articular  surface  is  of  birge  size,  kidney-shaped; 
its  circumference  is  grooved,  for  the  tarso-metatarsal  ligaments,  and  internally  gives 
attachment  to  fiart  of  the  tendon  of  the  Tibialis  anticus  :  its  inferior  angle  presents 
a  rough  oval  prominence  for  the  insertion  of  tbe  tendon  of  the  Peroneus  longns. 
The  head  is  of  large  size;  on  its  plantar  surface  are  two  grooved  facets,  over  which 
glide  sesamoid  bones;  the  facets  are  sepsirated  by  a  smooth  elevated  ridge. 

This  hone  is  known  by  the  single  kidney-shaped  articular  surface  on  its  base, 
the  deeply  grooved  appearance  of  the  jdantar  surface  <vf  its  head,  and  its  great 
thickness  relatively  to  its  length.  When  it  is  pbieed  in  its  natural  jtosititm,  the 
concave  border  of  the  kidney -shaped  articular  surface  on  its  base  points  to  the  side 
to  which  the  bone  belongs. 

The  Second  is  the  longest  and  largest  of  the  remaining  metatarsal  bones,  being 
prolongeil  backward  into  the  recess  formed  between  the  three  cuneiform  bones. 
Its  Urrmil  extremity  is  broa({  above,  luirri^w  and  rotigh  below.  It  presents  four 
articular  surfaces:  one  behind,  of  a  triangular  form,  fijr  articulation  with  the 
middle  cuneiform;  one  at  the  upper  part  of  its  internal  lateral  surlace,  for  articu- 
lation with  the  internal  cuneiform:  and  two  on  its  external  lateral  surface,  a 
posterior  and  anterior,  separated  by  a  vertical  ridge.  Each  of  these  external 
articular  surfaces  is  divided  by  a  r<mgh  de[*ressi<m  into  two  parts;  tbe  two 
anterior  facets  articulate  with  the  third  metatarsal;  the  two  posterior  (sometimes 
continuous)  with  the  external  cuneiform.  Occasionally,  in  front  of  and  below 
the  facet  for  the  internal  cuneiform,  is  found  an  indistinct  facet  for  the  first 
metatarsal 

The  facets  on  the  tarsal  extremity  of  the  second  metatarsal  bone  serve  at  once 
to  distinguish  it  from  the  rest,  and  to  indicate  the  foot  to  winch  it  belongs.  The 
fact  that  tbe  two  posterior  subdivisions  of  the  external  facets  sometimes  run  into 
one  shoidd  not  be  forgotten. 

The  Third  articulates  behind,  by  means  of  a  triangidar  smooth  surface,  with 
the  external  cuneiform ;  on  its  inner  side,  by  two  facets,  with  the  second  meta- 
tarsal ;  and  un  its  outer  side,  by  a  single  facet,  with  the  fourth  metatarsal-  The 
latter  facet  is  of  circular  form  and  situated  at  the  upper  angle  of  tbe  base. 

The  third  metatarsal  is  known  by  its  having  at  its  tarsal  end  two  undiviiled 
facets  on  the  inner  side,  and  a  single  facet  on  the  outer.  This  distinguishes  it  from 
tlie  second  metatarsab  in  which  the  two  facets,  found  on  one  side  of  its  tarsal  end, 
are  each  subdivided  into  two.  The  single  facet  (when  the  bone  is  put  in  its  natural 
position)  is  on  the  side  to  which  the  bone  belongs. 

The  Fourtli  is  smaller  in  size  than  tlie  [»receiiing;  its  tar  sal  ejrtrewitf/  presents 
H  lemainal  quadrilateral  surface,  for  articMlatii^n  with  tbecuboitl ;  a  smooth  tacet  tin 
the  inner  side,  divided  by  a  riilge  into  an  anterior  portion  for  articulation  with  the 
third  metatarsal,  and  a  posterior  portion  fc^r  articulation  with  the  external  cunei- 
form ;  on  the  outer  side  a  single  facet,  for  articulation  with  the  fifth  metatarsal. 

The  fourth  metatarsal  is  known  by  its  having  a  single  facet  on  either  si*le  of 
the  tarsal  extremity,  that  on  the  inner  side  being  divided  into  two  parts,  If  this 
subdivision  be  not  reeogni/jibie,  the  fact  that  its  tarsal  end  is  bent  s«tmewhat 
outward  will  indicate  the  side  to   which   it  belongs. 

The  Fifth  is  recognized  by  the  tubercular  etuinence  on  the  outer  side  of  its 
baae.  It  articulates  behind,  by  a  triangular  surface  cut  obi i{|uely  from  without 
inward,  with  the   cuboid,  and  internallv  with   the  fourth  metatarsal. 
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The  projectiDTi  on  the  outer  side  of  this  bone  at  its  tjirsal  end  at  once  distil 
guishes  it  frora  the  others,  and  points  to  the  side  to  which  it  helonga. 

Articulations. — Each  hone  articiihites  with  the  tarsal  bones  by  one  extreraity. 
and  by  the  other  with  the  first  row  of  phalanges.  The  number  of  tarsal  bones 
with  which  each  metatarsal  articulates  is  one  for  the  first,  three  for  the  second,  one 
for  the  third,  two  for  the  fourth,  and  one  for  the  fifth. 

Attacliment  of  Muscles. — -To  the  first  metatarsal  bone,  three  :  part  of  the 
Tibialis  anticus,  the  Peroneus  longus,  and  First  dorsal  interosseous.  To  the 
second,  four:  the  Adductor  obli(jiius  hallucis  and  First  and  Second  dorsal  inter- 
osseous, and  a  slip  from  the  tendon  of  the  Tibialii*  posticus,  and  occasionally  a  slip 
from  the  Peroneus  longus.  To  the  third,  five;  the  Adductor  oblicpius  hallucis, 
Second  and  Third  dorsal,  and  First  plantar  interosseous,  and  a  slip  from  the 
tendon  of  the  Tibialis  posticus.  To  the  fourth,  five  :  the  Adductor  obliiiuos  hallucis, 
Third  and  Fourth  dorsal,  and  Second  plantar  interosseous,  and  a  slip  from  the 
tendon  of  the  Tibialis  posticus.  To  the  fifth,  six:  the  Peroneus  hrevis,  Peroneus 
tertius.  Flexor  brevis  minimi  digiti.  Adductor  transversus  hallucis,  Fourth  dorsal, 
and  Third  plantar  interosseous. 

The  Phalanges, 

The  Phalanges  of  the  foot,  both  in  number  and  general  arrangement,  resemble 
those  in  the  hand  ;  there  being  two  in  the  great  toe  and  three  in  each  of  the  other 
toes. 

The  phalanges  of  th^  first  row  resemble  closely  those  of  the  hand.  The  shaft 
is  compressed  from  side  to  side,  convex  above,  concave  below.  The  posterior 
extremiti/  is  concave ;  and  the  anterior  extremity  presents  a  trochlear  surface,  for 
articulation  with  the  second  phalanges. 

The  phalanges  of  the  mrond  row  are  remarkably  small  and  short,  but  rather 
broader  than  thos?e  of  the  first  row. 

The  uiH/Kfil  phalanges  in  form  resemble  those  of  the  fingers ;  but  they  are 
smaller,  flattened  from  above  downward,  presenting  a  broad  base  for  articulation 
with  the  second  row,  and  an  expanded  extremity  for  the  support  of  the  nail  and 
end  of  the  toe. 

Articulation. — The  first  row,  with  the  metatarsal  bones  behind  and  second 
phalanges  in  front;  the  second  row  of  the  four  outer  toes,  with  the  first  and  third 
phiilanges ;  of  the  great  toe,  with  the  first  phalanx ;  the  third  row  of  the  four 
outer  toes,  with  the  second  phalanges. 

Attachment  of  Muscles,- — To  the  first  phalanges.  Great  toe,  five  muscles: 
innermost  tendon  of  Extensor  brevis  digitorum.  Abductor  hallucis.  Adductor 
obliquus  hallucis,  Flexor  brevis  hallucis,  Adductor  transversus  hallucis.  Second 
toe.  three  muscles :  First  and  Second  dorsal  interosseous  and  First  lumbricah 
Third  toe,  three  muscles:  Third  dorsal  and  First  plantar  interosseous  and  Second 
lumbrical.  Fourth  toe,  three  mnscles  :  Fourth  dorsal  and  Second  plantar  inter- 
osseous and  Third  lumbrieaL  Fifth  toe,  four  muscles  :  Flexor  brevis  minimi 
digiti.  Abductor  minimi  digiti,  and  Third  plantar  interosseous,  and  Fourth 
lumhricaL — Second  j>halanges.  Great  toe;  Extensor  longus  hallucis,  Flexor 
lonyus  hallucis.  Other  toes  ;  Flexor  brevis  digitorum,  one  slip  of  the  common 
tendon  of  the  Extensor  hmgus  and  hrevis  digitorum.^— Third  phalanges  :  two  slips 
from  the  common  tendon  of  the  Extensor  longus  and  Extensor  brevis  digitorum, 
and  the  Flexor  longus  digitorum- 

Development  of  the  Poot  (Fig.  226). 

The  Tarsal  bones  are  each  developed  by  a  single  centre,  excepting  the  Oil 
^'bich  has  an  epiphysis  for  its  posterior  extremity.    The  centres  make  their  appear- 
ance in  the  following  order:  os  calcis,  at  the  sixth  month  of  foetal  life  ;  astragalus, 

'  Except  the  second  ph&lanjt  of  the  fifth  toe^  which  receives  no  slip  tTom  the  Extensor  breria 
digitoriiDi. 
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about  the  seventh  month;  cuboid,  at  the  ninth  month;  external  cuneiform, 
during  the  first  year ;  internal  cuneiform  in  the  third  year ;  middle  cuneiform  and 
navicular  in  the  fourth  year.      The  epiphysis   for  the  posterior  tuberosity  of 


yais. 

^  y^^m  m~^  ^.^^Appeftrs  10th  ymr ; 

unitm  afUr  puberty. 


Tarsus, 

One  centre  for  each  6<me, 

except  0$  calcU. 


MeUUarsua, 

Two  centres  for  each  hone: 
One  for  shaft. 
One  for  digitai  eztremiiy 
except  1st. 


Aj^mrs  5th  year. 
Unite  18th-e0year. 

Appears  7ih  toeek. 


Appears  7th  week  — 


Unite  18ih-mth  ymr. 
Appears  Srd  year. 


Appears  4th  year. 


1^ 


Unite  ir-lSth  year.  | 
Phalanges.    Appears  end-4th  month.-^ 
Two  centres  for  each  bone  : 
One  for  fAo/K, 

One  for  metatarsal      Appears  6th-7th  year.^      ^ 
extremUy.  u^ite  17th-18th  year.  |  ™  c 

Appears  end-4th  month.'^t^i 

Appears  6th  y«ir.v-^^  I 

Unite  17th-lSth  year.-C^  2 

Appears  7th  week.'>^^^ 

Fig.  226.— Plan  of  the  development  of  the  foot. 
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^^  08  calcis  appears  at  the  tenth  year,  and  unites  with  the  rest  of  the  bone  soon 
***««;  puberty. 

^  he  Metatarsal  bones  are  each  developed  by  two  centres :  one  for  the  shaft 
^  one  for  the  digital  extremity  in  the  four  outer  metatarsal ;  one  for  the  shaft 
^  One  for  the  base  in  the  metatarsal  bone  of  the  great  toe.^  Ossification 
g- ^^ences  in  the  centre  of  the  shaft  about  the  ninth  week,  and  extends  toward 
^  ^^r  extremity.  The  centre  in  the  proximal  end  of  the  first  metatarsal  bone 
bet^^^™  about  the  third  year,  the  centre  in  the  distal  end  of  the  other  bones 
tv  ^^^^  *^®  fi^^b  and  eighth  years;  they  become  joined  between  the  eighteenth  and 

^^tieth  years. 
^j^^The  Phalanges  are  developed  by  two  centres  for  each  bone :  one  for  the  shaft 
^    one  for  the  metatarsal  extremity. 

Oonstmction  of  the  Foot  as  a  Whole. 

f^       The  foot  is  constructed  on  the  same  principles  as  the  hand,  but  modified  to 
**^  a  firm  basis  of  support  for  the  rest  of  the  body  when  in  the  erect  position.    It 

at^      ,^  was  noted  in  the  first  metacarpal  bone,  so  in  the  first  metatarsal,  there  is  often  to  be  observed 
■^^«acy  to  the  formation  of  a  second  epiphysis  in  the  distal  extremity.  (See  footnote,  p.  274). 
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i&  more  solidly  constructed,  and  its  cntuponent  parte  are  less  movable  on  each  other 
than  in  the  band.  This  is  especially  the  case  with  the  great  toe,  which  has  to 
assist  in  supporting  the  h{^dy,  and  is  therefore  constructed  with  greater  sulidity ;  it 
lies  parallel  with  the  other  toes^  and  has  a  \^dTy  limited  degree  of  mobility,  whereas 
the  thumb,  which  is  occupied  in  numerous  and  varied  movements,  is  constructed 
in  such  a  manner  as  to  permit  of  great  mobility.  Its  metacarpal  bone  is  directed 
away  from  the  others,  so  as  to  form  an  acute  angle  with  the  second,  and  it  enjoys 
a  considerable  range  of  motion  at  its  articulation  with  the  carpus.  The  foot  is 
placed  at  right  angles  to  the  leg — a  position  which  is  almost  peculiar  to  man.  and 
has  relation  to  the  erect  position  which  he  maintains.  In  order  to  allow  of  its 
supporting  the  weight  of  the  whole  body  in  this  position  with  the  least  expenilitnre 
of  materiah  it  is  constructed  in  the  form  of  an  arch.  This  arch  is  not,  how^ever, 
made  up  of  two  erpial  limbs.  The  hinder  one,  which  is  made  up  of  the  os  calcis 
and  the  posterior  part  of  the  astragahis,  is  about  half  the  length  of  the  anterior 
limb,  and  measures  about  three  inches.  The  anterior  limb  consists  of  the  rest  of 
the  tarsal  and  the  metatarsal  bones,  and  measures  about  six  inches.  It  may  be 
said  to  consist  of  two  parts,  iin  inner  segment  made  up  of  the  head  of  the  astragalus, 
the  navicular,  the  three  cuneiform,  and  the  three  inner  metatarsal  bones;  and  an 
outer  segment  composed  of  the  cuboid  and  the  two  outer  metatarsal  bones.  The 
summit  of  the  arch  is  at  the  superior  articular  surf^ice  i»f  the  astragalus ;  and  its 
two  extremities — that  is  to  say,  the  two  points  on  which  the  arch  rests  in  standing — 
are  the  tubercles  on  the  under  surface  of  the  os  calcis  posteriorly,  and  the  heads  of 
the  metatarsal  bones  anteriorly.  The  weakest  part  of  the  arch  is  the  joint  between 
the  astragahis  and  scaphoid,  and  here  it  is  more  liable  to  yield  in  those  who  are 
overweighted,  and  in  those  in  whom  the  ligaments  wliich  complete  and  preserve 
the  arch  are  relaxed.  This  weak  point  in  the  arcli  is  braced  on  its  concave  surface 
by  the  inferior  calcaneo-naviciilar  ligament,  which  is  more  elastic  than  most  other 
ligaments,  and  thus  allows  the  arch  to  yiehl  from  jai*s  or  .'ahocks  applied  to  the 
anterior  portion  of  the  foot  and  quickly  restores  it  to  its  pristine  condition*  This 
ligament  is  supported  on  its  under  surface  by  the  tendon  of  the  Tibialis  posticus 
muscle,  which  is  spread  out  into  a  fan-shaped  insertion,  tind  prevents  undue 
tension  of  the  ligament  or  such  an  amount  of  stretching  as  would  permanently 
elongate  it. 

In  addition  to  this  longitudinal  arch  the  foot  presents  a  transverse  arch,  at  the 
anterior  part  of  the  tarsus  and  hinder  part  of  the  metatarsus.  This,  however,  can 
scarcely  be  described  as  a  true  arch,  but  presents  more  the  character  of  a  half-dome. 
The  inner  border  of  the  central  portion  of  the  longitudinal  arch  is  elevated  from 
the  ground,  and  from  this  point  the  bones  arch  over  to  the  outer  border,  which  is 
in  contact  with  the  ground,  and,  assisted  by  the  longitudinal  arch,  produce  a  sort  of 
rounded  niche  on  the  inner  side  of  the  foot,  which  gives  the  appearance  of  a 
transverse  as  well  as  a  longitudinal   arch. 

The  arch  of  the  foot,  from  the  point  of  the  heel  to  the  toes,  is  not  quite  straight^ 
but  is  directcfl  a  little  outward,  so  that  the  inner  border  is  a  little  convex  and  the 
outer  border  concave.  This  disposition  of  the  bones  becomes  more  marked  when 
the  huigitudimil  arch  of  the  foot  is  lost,  as  in  the  disease  known  under  the  name 
of  *' Hat-foot/' 

Surface  Form. — {h\  the  doratim  of  the  foot  the  indiviJaal  bones  are  not  to  K'  distiiuniislied 
with  thi^  excoptioii  uf  tiie  liead  of  the  astragalas,  whk'h  forms  a  rounded  projection  in  trout  of 
the  iJTikle-joiut  when  the  foot  is  tbreibly  extended.  The  whule  t^iirfitce  fornix  a  smooth  i^nnvei 
outline,  the  siuiimit  of  which  is  the  ridjk'c  formed  hy  the  head  of  the  astriigahis^  the  navicular, 
tlie  middle  ein)i^ifr»rm,,  nud  the  seeond  metiitursul  bones;  Irum  this  it  gradually  inclines  outward 
aud  more  rajiidly  inward.  On  the  inner  side  of  the  foot,  the  intenml  tuberosity  of  the  os  CAlds 
and  the  ridge  >;epanitink^  the  inner  from  the  lUKsterior  snrfaee  of  the  lione  may  be  felt  most  t>o9- 
teriorly.  fn  front  of  this,  and  helow  the  internal  uKilleoliis,  may  lx»  felt  the  pnijection  of  the 
Bustentaerdum  tali,  l^jssin^'  forwiml  in  the  vvell-iiiarked  lulR'ix>sity  of  the  navicnlar  bftnCt  sita- 
ate<l  ahoat  an  ineh  or  sm  in(d>  and  a  *|uarter  in  fn>nt  of  the  internal  midleolns.  Further  toward 
the  iVout,  the  ridife  Ibnued  by  the  base  of  the  tirst  rnetrUarsiil  lionc  eati  be  ohseurely  felt^  and 
ftvui  this  the  shntl  td'  the  hone  ean  1)€  tniee^J  to  the  ex])nnded  head  articulating  with  the  base 
of  the  first  phalanx  of  the  great  toe.     Inunediately  oeneath  the  base  of  this  phalanx,  the 
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interoal  sesaniotd  bone  \s  to  be  felt,  J*astl\%  tbe  expanded  ends  of  tbe  bones  forming  the  laat 
joint  of  the  preat  toe  are  to  be  felt.  On  the  outer  side  of  ilie  foot  the  most  posterior  bjny 
point  is  the  outer  tuberosity  of  the  os  cak'is,  with  the  ridge  sepamting^  the  posterior  from  the 
^OUter  surface  of  the  bone.  In  front  of  this  the  p:reiiter  part  of  the  external  surface  of  the  q% 
Jcifi  b  subeut^ineous ;  on  it,  below  and  in  front  of  the  external  malleolus,  may  be  felt  the  pero- 
1  ridge,  when  this  process  la  pre^nt.  Farther  forward,  the  base  of  the  fifth  metatarsal  bone 
as  a  pfomineut  and  well-defined  landmark,  and  in  front  of  this  the  fthaft  of  the  bone^  with 
its  expanded  head,  and  the  hause  of  the  first  phalanx  may  he  defined.  The  sole  <»f  the  foot  is 
almost  entirely  t^overed  by  wdY  parts,  so  that  out  few  bony  partes  are  to  be  made  out,  and  these 
flomewhat  obscurely.  Tlie  hinder  part  of  the  under  surfaec  of  the  o5  ealcts  and  the  heads  of  the 
metatarsal  hone^^L,  with  the  exception  of  the  first,  which  is  concealed  by  the  sesamoid  bones, 
may  be  reeoffoized. 

Surgical  Anatomy »— Considering  the  injuries  to  which  the  foot  is  subjeeted*  it  is  surpris- 
ing h<:>w  s^?ld*>ni  the  tai-sal  lh>nes  are  fractured.  This  is  no  doubt  due  to  the  fact  that  the  tarsus 
is  compitsed  of  a  numlx*r  of  bones,  articulated  by  a  considerable  ext^rut  of  surface  and  joined 
together  by  very  St  rone  ligaments,  which  starve  to  break  the  foree  of  violence  apphed  to  this 
part  of  the  body.  When  fracture  does  oceur,  these  bones,  being  eomposed  for  the  most  part 
of  M  s*d>  cAncellous  struetiire,  covered  only  by  a  thin  shell  of  enmpact  tissue,  are  often  extensively 
comminuted,  espeeially  as  most  of  the  fmetures  are  produced  by  direet  violence.  And  bavins 
only  a  ver>'  sciinty  amount  of  soft  parts  over  them,  the  Iractures  are  very  oft^n  oorapoundj  ana 
amputation  is  frequently  necessary. 

When  firactiire  occura  in  the  anterior  group  of  tarsjil  bones,  it  is  almost  invariably  the  result 
of  direct  violence  ;  but  fractures  of  the  posterior  trntup,  that  i?s,  of  the  caltraneum  und  imtmg* 
alus,  are  moat  fTe<juently  produ(*ed  by  falls  fnmi  a  height  on  to  the  feet;  though  fracture  of 
the  as  calcis  may  be  claused  by  direct  violence  or  by  muscular  actirm.  The  posterior  jmrt  of  the 
Ikjoc,  that  is,  the  part  lieliin<l  the  articular  surfaces,  is  almost  alwavs  tbe  geat  of  the  fracture, 
thoiiifh  some  few  ejis«\s  of  fracture  of  the  sustentaculum  tali  and  of  vertical  fracture  between 
the  two  articulating  facets  !rave  been  ret^orded.  The  ncek  ot^  the  astnigahis,  being  the  weakest 
part  of  the  lx>ne,  is  most  frcHpiently  fractured,  thoiiijh  irai'tures  may  occmr  in  any  port  and 
almost  in  any  direction,  either  associated  or  not  with  fracture  «d'  otber  bones, 

in  cases  of  club-foot,  especially  in  ("oneenitiil  cases,  the  bones  of  the  tnrsos  become  altered 
in  shape  and  size^  and  displaced  from  their  proper  positions.  This  is  especially  the  ease  in  con- 
genital e<iuino-varus,  in  wbich  the  astn» renins,  j>artifolarly  alxmt  the  liead,  bec*jmes  twisted  and 
atrtjpbied,  and  a  similar  condition  may  W  present  in  the  other  bunes.  more  especially  the  navic- 
ulor.  The  tantjil  Ixiues  arc  peculiarly  liable  to  ficeome  the  seat  of  tubercular  caries  from  com- 
paratively trivial  iniunes.  There  are  several  reasitus  to  account  for  this.  I'hey  are  composed 
of  a  delicate  cancellated  structure*,  surrounded  by  intricate  synovial  membranes.  They  are  situ- 
ated at  the  farthest  point  from  the  central  i>rgan  td*  the  circulatiim  and  exposed  to  vicissitudes 
of  tempenilure  ;  and,  moreover,  i»n  their  dorsid  surface  are  thinly  clad  wuli  soft  parts  which 
have  bnt  a  stjanty  blood-snj»|ily-  And  fmally,  atler  slight  injuries,  they  are  not  maintained  in  a 
oandltiun  of  rest  to  the  same  extent  as  similar  injuries  in  s<:»me  other  parts  of  ihe  hody.  Caries 
of  the  calcaneum  and  astra^jrahis  may  remain  limited  to  the  one  bone  for  a  Innc  period,  but  when 
one  of  the  other  bones  is  affected,  the  remainder  fW^quently  become  involved,  in  conset|uence  of 
the  disease  spreading  through  the  lar<re  and  complicated  synovial  membrane  which  is  more  or 
less  commiui  to  these  bones. 

Amputation  of  the  wliole  or  a  part  of  the  l^jot  is  fref|uently  required  either  for  iniury  or 
dfsea?^.  The  principal  amputations  are  as  follow:  11 )  Syme's  :  amputation  at  the  ankle-juint 
bv  a  heel -flap,  with  removal  of  tbe  malleoli  and  sometimes  a  dan  slice  from  the  lower  end  of 
the  tibia.  (2)  Roux*s:  am  put  at  itm  at  the  ankle-joint  by  a  large  internal  flap,  {%)  PirogoffB 
amputation :  removal  of  the  whole  of  the  tareiil  bones,  excejtt  the  rjosterior  part  of  the  os  calcis 
ana  a  thin  slice  from  the  tibia  and  fibnla  includin.L'  the  two  malleuli.  The  sawn  surface  of  the 
OS  calciB  is  then  tunied  up  and  united  to  the  similar  surface  of  the  tibia.  (4)  Subastragaloid 
amputation :  removal  of  the  foot  below  (he  astragalus  through  the  joint  between  it  ami  the  os 
qilcis^  This  operation  has  l^een  modifieil  by  Hancock,  who  leaves  the  posterior  third  of  tlie  OB 
Calcis  and  turns  it  up  against  the  dermded  surface  of  tbe  astragalus.  Tlds  latter  operation  is  of 
doubtful  utility  and  is  rarely  perfbrmed.  (,>)  Chopart's  i>r  mediotarsal :  removid  of  the  ante- 
rior part  of  the  foot  with  all  the  tarsal  bones  except  the  os  calcis  and  astragalus  ;  disarticula- 
tion ueing  effected  through  the  joints  between  the  scaphuid  and  cubuid  in  front,  and  tlie  astrag- 
alus and  OS  calcis  behind.  (6)  Lisfranc's:  amputalii>n  id'  the  anterior  part  of  the  foot  through 
the  larso-mctatarsiil  joints.  This  has  been  modified  by  Hey,  who  disarticulated  through  the 
Joints  tif  the  f<»ur  outer  metatarsal  bones  with  the  tarsus,  and  sawed  off  the  projecting  internal 
<?uncdf<»rm  ;  and  by  Skey,  who  sawed  off  the  base  of  the  second  metatarsal  bone  and  disarticu- 
latjed  the  others. 

The  bones  of  the  tarsus  occasionally  require  removal  individually.  This  is  especially  the 
^Bse  with  the  astragalus  and  os  calcis  for  diseust^  limited  to  the  one  tione,  or  again  the  astragalus 
inay  require  excision  in  eases  of  snbastragaloid  di^locatit»n,  or,  as  recommended  by  Mr.  Lund, 
in  cases  of  inveterate  talijies.  The  cuboid  has  lieen  rcnni\ed  for  the  same  reuiMin  by  Mr.  8olly. 
liut  Ixyth  these  two  latter  operations  have  fallen  very  nuich  into  disuse,  and  have  been  super- 

1  by  resection  of  a  wedge-shaped  piece  of  botie  Tvmn  tlie  outer  side  of  the  tarsus.     Finally, 

uhcai  and  Wat^>n  have  demised  operations  fur  the  removal  of  more  extensive  portions  of 

i.ne  iarsu&     Mickulicz's  operation  consists  in  the  removal  of  the  os  calcis  and  astragalus,  along 
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with  the  mrticular  mirfaecs  of  the  tibia  and  fibula,  and  alt?u  of  the  scupboid  and  cuboid,  Tlie  j 
remaining  ptjrtion  of  tlie  tarsus  is  then  hrought  into  corit4iet  with  the  sawo  surface**  nf  the  tibia 
and  fibula,  and  fixed  tbere.  The  result  is  a  position  of  the  shortened  foot  reseinblinL'  talipes  I 
©^uinus.  Watson's  ope m lion  is  adapted  to  those  crises  where  the  disease  is  confined  to  the  ] 
anterior  tarsal  l>ones.  By  two  latenil  incisions  he  saws  through  the  bases  of  the  tuetataisalJ 
bones  in  front  antl  opens  up  the  joints  between  the  scaphoid  and  astragalus,  and  the  cuboid  and  ; 
08  calcis,  and  removes  the  mtervening  bones. 

The  metatarsal  houes  and  phalariires  are  nearly  alwa;i^s  broken  hy  direct  violence^  and  in  tlio 
majority  of  eusc^s  the  injury  is  the  result  of  severe  erushin^^  accidents,  necessitating  amputation. 
The  metatarsjil  bones  and  especially  tlie  one  of  the  jLTeat  toCj  are  frequently  diseased,  either  ia 
tubercular  subjects  or  in  perforating  ulcer  of  the  foot. 


Sesamoid  Bones. 

These  at*e  small  rounded  mas.ses,  cartilagiiious  in  early  life,  osseous  in  theaduU^ 
which  are  developed  in  those  tendons  which  exert  a  great  amount  of  pressure  upon 
the  parts  over  which  thej  glide.  It  is  said  that  they  are  more  commonly  found  in 
the  male  than  in  the  female,  and  in  persons  of  an  active  muscular  habit  than  in 
those  who  are  weak  and  dehilitated.  They  are  invested  throughout  their  whole 
surface  by  the  fibrous  tissue  of  the  tendon  in  which  they  are  foitnd,  excepting  upon  i 
that  side  which  lies  in  contact  with  the  part  over  which  they  play,  where  they 
present  a  free  articular  facet.  They  may  be  divided  into  two  kinds:  those  which 
glide  over  the  articnlar  surfaces  of  joints,  and  those  which  play  over  the  cartila^- 
inoos  facets  found  on  the  surfaces  of  certain  bones. 

The  sesamoid  bones  of  the  joints  m  the  upper  extremity,  are  two  on  the  palmar 
surface  of  the  metacarpo-plndangeal  joint  in  the  thumb,  developed  in  the  tendons 
of  the  Flexor  brevis  pollici.'?;  oecasionally  one  or  two  opposite  the  metacarpo- 
phalangeal articulations  of  the  fore  and  little  fingers;  and,  still  more  rarely,  one 
opposite  the  same  joints  of  the  third  and  fourth  fingers.  In  the  lower  extremity, 
the  patella,  which  is  developed  in  the  tendon  of  the  Quadriceps  extensor  ;  two  small 
sesamoid  bones,  found  in  the  tendons  of  the  Flexor  brevis  hallucis,  opposite  the 
metatarso*phalangeal  joint  of  the  great  toe  ;  and  oecasionally  one  in  the  metatarso- 
phalangeal  joint  of  the  second  toe,  the  little  toe,  and,  still  more  rarely,  the  third 
and  fourth  toes. 

Those  found  in  the  tendons  which  glide  over  certain  bones  occupy  the  following 
situations :  one  sometimes  found  in  the  tendon  of  the  Biceps  cubiti,  opposite  the 
tuberosity  of  the  radius :  one  in  the  tendon  of  the  Peroneus  longus,  where  it  glides 
through  the  groove  in  the  cuboid  hone;  one  appears  late  in  life  in  the  tendon  of  the 
Tibialis  amicus,  opposite  the  smooth  facet  of  the  internal  cuneiform  bone;  one  is 
fi>und  in  the  tendon  of  the  Tibialis  posticus,  opposite  the  inner  side  of  the  head  of  the 
astragalus ;  one  in  the  outer  head  of  the  (rastrocnemius,  behind  the  outer  condyle 
of  the  temur;  and  one  in  the  conjoined  tendon  of  the  Psoas  and  Iliacns,  where  it 
glides  over  the  os  |*iibis.  Sesamoid  bones  are  found  occasionally  in  the  tendon  of 
the  Gluteus  maximiis,  as  it  passes  over  the  great  trochanter,  and  in  the  teudona 
vhich  wind  round  the  inner  and  outer  malleoli. 


THE  various  bones  of  which  the  Skeleton  consists  are  connected  together  at 
different  parts  of  their  surfaces,  and  such  a  connection  is  designated  by  the 
name  of  Joint  or  Artlcuhitlon.  If  the  juint  is  immovable,  as  between  the  cranial  and 
most  of  the  facial  hones,  the  adjacent  margins  of  the  hones  are  applied  in  almost 
close  contact,  a  thin  hiver  of  fibrons  raerabrane,  the  nutiiriil   UtjamenU  and,  at  the 

Ibaseof  the  skull,  in  certain  situations,  a  thin  layer  of  cartilage,  being  interposed. 
Where  slight  movement  is  rec|uired.  combined  with  great  strenf^tlL  the  osseotis  sur- 
faees  are  united  bv  tough  and  elastic  fibro-cartilages,  as  in  the  joints  between  the 
bodies  of  the  vertebroe  and  interpubic  articnlations  ;  but  in  the  m ova bh  }omti^  the 
bones  forming  the  articulation  are  generally  expanded  at  the  ends  for  greater  con- 
venience of  mutual  connection,  covered  by  cardhtge,  held  together  by  strong  bunds 
or  capsules  of  fibrous  tissue  called  Ugaments^  and  partially  lined  hy  a  membrane, 
the  ipiovial  membrane,  which  secretes  a  fluid  to  lubricate  the  various  parts  of 
which  the  joint  is  formed;  su  that  the  structures  which  enter  into  the  formation 
of  a  joint  are  bone,  cartilage,  fibro-cartilage,  ligament,  and  synovial  membrane. 

Bone  constitutes  the  fundamental  element  of  all  the  joints.  In  the  long  hones 
tlje  extremities  are  the  parts  which  form  the  articulations;  they  are  generally 
Bomewhat  enlarged,  consisting  of  spongy  cancellous  tissue,  with  a  thin  coating  of 
c^JUipact  substance.  In  the  flat  bones  the  articulations  usually  take  place  at  the 
^ges,  and,  in  the  short  bones  at  various  parts  of  their  surface,  The  layer  of 
compact  bone  which  forms  the  articular  surface,  and  to  which  the  cartilage  is 
attai^bed,  is  called  tbe  artieular  himella.  It  is  of  a  white  color,  extremely  dense, 
and  varies  in  thickness.  Its  structure  differs  from  ordinary  hone-tissue  in  this 
respect,  that  it  contains  no  Haversian  canals,  and  its  lacunte  are  much  larger  than 
iji  ordinary  hone  and  have  no  canaliculi.  The  vessels  of  the  cancellous  tissue,  as 
^l^^y  approach  the  articular  lamella,  turn  back  in  loops,  and  do  not  perforate  it ; 
^*iis  layer  is  conseijuently  more  dense  and  firmer  than  ordinary  bi»ne,  and  is  evi- 
"^^Qtly  designed  to  form  a  firm  and  unyielding  support  for  the  articular  cartilage* 

»The  cartilage^  which  covers  the  articular  surfaces  of  bone,  and  is  called  the 
^^^lar,  will  be  found  described,  with  the  other  varieties  of  cartilage,  in  the  section 
**  General  Anatomy  (page  51), 

t^gaments  consist  of  hands  of  various  forms,  serving  to  connect  together  the 

^^cular  extremities  of  bones,  and  composed  mainly  of  bimdles  of  while  fibrous 

*u#»  placed  parallel  with,  or  closely  interlaced  with,  one  another,  and  presenting 

-.^'hite,  shining,  silvery  aspect.     A  ligament  is  pliant  and  flexible,  su  as  to  allow 

^te  most  perfect  freedom  of  movement,  but  strong,  tough,  and  inextensile,  so 

^    5*^^t  readily  to  yield  under  the  most  severely  applied  force  ;  it  is  conset|uentIy 

^*'    adapted  to  serve  as  the  connecting  medium  between  the  bones.     Some  liga-* 

y^ts  consist  entirely  of  t/ellow  elaHtie  tissue,  as  the  ligamenta  subflava,  which 

P*0.ect  together  the  adjacent  arches  of  the  vertebrie  and  the  ligamentum  nuchoe 

^Vie  lower  animals.      In  these  cases  it  will  be  observed  that  the  elasticity  of  the 

K^rnent  is  intended  to  act  as  a  substitute  fur  muscuhrr  power. 

Synovial  memhrane   is  a  thin,  delicate   membrane   of  connective   tissue,  with 
te**^*^<4ed  connective-tissue  corpuscles.     Its  secretion  is  thick,  viscid,  and  glairy, 
^    ibe  white  of  &gg,  and  is  hence  termed  Sffnoina*     The  synovial  membranes 
'"^din  the  body  admit  of  subdivision   into  three  kinds^ — articular,  bursal,  and 
iiial. 

^ht  artieular  fiffUfwiid  mernbranes  are  found  in  all  the  freely  movable  joints, 
this  membrane  is  said,  bv  Tovnbee,  to  be  continued  over  the  surface 


I 


1 


tixe 


314 


THE   ARTICULATIONS. 


of  tlie  cartilages;  but  in  the  adult  it  is  wanting,  excepting  at  their  circumference, 
upon  which  it  encroaches  for  a  short  distance,  and  to  which  it  is  firmly  attached; 
it  then  iovesti?  tlie  inner  surface  of  the  capsular  or  other  ligaments  enclosing  the 
joint,  and  is  reflected  over  the  surface  of  any  lemlons  passing  through  its  cavity,  as 
the  tendon  of  the  Popliteus  in  the  knee  and  tbe  tendon  of  the  Biceps  in  the 
shoulder.  Hence  the  articular  synovial  membrane  may  be  regarded  as  a  short 
wide  tube,  attached  by  its  open  ends  to  the  margins  of  the  articular  cartilages,  and 
covering  the  inner  surface  of  the  various  ligaments  which  connect  the  articular 
surfaces,  ao  that  along  with  the  cartilages  it  completely  encloses  the  joint-cavitj. 
In  some  of  the  joints  the  synovial  membrane  is  thrown  into  folds,  which  pass 
across  the  cavity.  They  are  called  si/novial  lit/ttmentu,  and  are  especially  distiDCt 
in  the  knee.  In  other  joints  there  are  flattened  folds,  subdivided  at  their  margins 
into  fringe-like  processes^  the  vessels  of  which  have  a  convoluted  arrangement. 
These  latter  generally  project  from  the  synovial  membrane  near  the  margin  of  the 
cartilage  and  lie  flat  upon  its  surface,  They  consist  of  connective  tissue  covered 
with  endothelium,  and  contain  fat-cells  in  variable  <|uantities,  and*  more  rarely, 
isolated  cartilage-cells.  The  larger  folds  often  contain  considerable  rpiantitie^  of 
fat.  They  were  described  by  Clopton  Havers  as  mucUaginouM  glamh^  and  as  the 
source  of  the  synovial  secretion.  Under  certain  diseased  conditions  similar  pro- 
cesses are  found  covering  the  entire  surface  of  the  synovial  membrane,  forming  a 
mass  of  peduncnlated  fibro-fatty  growths  which  project  into  the  joint,  Similar 
structures  are  also  found  in  sorue  of  the  bursal  and  vaginal  synovial  membranes. 

The  bursal  stfuovkil  fiiembranefi  are  found  interpoi<ed  between  surfaces  which 
move  npon  each  other,  producing  friction,  as  in  the  gliding  of  a  tendon  or  of  the 
integument  over  piTijecting  bony  surfaces.  They  admit  of  subdivision  into  two 
kinds,  the  InirafV  jnueosa*  and  the  l*Hrifn-  aj/tfoviir.  The  hnrmv  murtme  are  large, 
simple,  or  irregtdar  cavities  in  the  subcutaneous  areolar  tissue,  enclosing  a  clear 
viscid  Hiiiil.  They  are  found  in  variruis  situations,  as  between  the  integument  and 
the  frf*nt  of  the  patella,  over  the  olecranon,  the  malleoli,  and  other  prominent  part^. 
The  bursie  i^j/novm'  are  found  interposed  between  muscles  or  tendons  as  they  play 
over  projecting  bony  surfaces,  as  between  the  Glutei  muscles  and  the  surface  of 
the  fijreat  trochanter.  Thev  consist  of  a  thin  wall  of  connective  tissue,  nartiallv 
covered  by  patches  of  cells,  and  cuntsiin  a  viscid  fluid.  Where  one  of  these  exists 
in  the  netghb»niiood  of  a  joint,  it  usually  c<>mmunieates  with  its  cavity,  as  is  gen- 
erally the  case  with  the  bursa  Ijetween  the  tendon  of  the  Psoas  and  Iliacus  and 
the  capsular  ligament  of  the  hip,  or  the  one  interposed  between  the  tinder  surface 
of  the  Subscapulnris  and  the  neck  of  the  scapula. 

The  vtfifhiaJ  xfpiovml  uiemhranes  (ftipioviai >thratlts)  servii  to  facilitate  the  gliding 
of  tendinis  in  the  osseo-tibrous  canals  through  which  they  pass.  The  membrane  is 
here  arrangetl  in  the  form  of  a  sheath,  one  layer  of  which  adheres  lo  the  wall  of 
the  canal,  and  the  other  is  reflected  upon  the  surface  of  the  contained  tendon,  the 
space  between  the  two  free  surfaces  of  the  membrane  being  partially  filled  with 
synovia.  These  sheaths  are  chiefly  found  surn>unding  the  tendons  of  the  flexor 
and  extensor  muscles  of  the  fingers  and  toes  as  they  pass  through  the  osseo-fibruus 
canals  in  the  hand  or  foot. 

Synovia  is  a  transparent,  yellowish-white  or  slightly  reddish  fluid,  viscid  like 
the  white  of  egg,  having  an  alkaline  reaction  and  slightly  saline  ta*^te.  It  consists, 
according  to  Frerichs,  in  the  ox,  of  94.85  water,  O.oti  mucus  and  epithelium,  0.07 
fat,  8.51  albumen  and  extractive  matter,  and  0.99  salts. 

The  articulations  are  divided  into  three  classes:  ^ifnarthrosis,  or  immovable; 
amphiarthroah,  or  mixed;  and  */mr/Aros/^,  or  luitvable  joints. 
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1.  Synartlirosis.    Immovable  Articulations. 

Synarthrosis  includes  all  those  articulations  in  which  the  surfaces  of  the  hones 
are  in  alnuist  direct  contact,  fastened  together  by  an  intervening  mass  of  connective 
tissue,  and  in  which  there  is  no  appreciable  motion,  as  the  joints  between  the  bones 


varieties  ol  synar- 
throsis are  four  in  number  :  Sutura,  Schindylesis,  GumpbosU,  and  SYnchondrosis. 

Sntura  (a  seam)  is  that  fiirm  of  articuhition  where  the  coQtigiious  margins  of 
flat  bones  are  united  by  a  thin  layer  of  fibrous  tissue.  It  is  met  with  only  in  the 
skull.  Where  the  articulating  surfaces  are  connected  by  a  series  of  processes  and 
indentations  interlocked  together,  it  is  termed  Hutura  vera.,  of  which  there  are 
three  varieties :  siitura  dentata,  serrata.  and  liinbosa.  The  surfaces  of  the  bones 
are  not  in  direct  contact,  being  sefmrated  by  a  layer  of  membrane  continuous 
xternally  with  the  pericranium,  internallv  with  the  dura  mater.  The  sutura 
ntata  {dens^  a  tooth)  is  so  called  from  the  tooth-like  form  of  the  projecting 
articular  processes,  as  in  the  suture  between  the  parietal  bones.  In  the  s^utura 
^errata  {aerra.  a  saw)  the  edges  of  the  two  bones  forming  the  articulation  are 
^#errated  like  the  teeth  of  a  fine  saw,  as  between  the  two  portions  of  the  frontal 
bone.  In  the  sntHra  limhosa  (hmhni<^  a  selvage),  besides  the  dentated  processes, 
there  is  a  certain  deirree  of  bevellintr  of  the  articular  surfaces,  si»  that  tlie  bones 
overlap  one  another,  as  in  the  suture  between  the  parietal  and  frontal  bones. 
When  the  articulation  is  formed  by  roughened  surfaces  placed  in  apposition  with 
one  another,  it  is  termed  the  false  MUtiire  {sutitra  notka)^  of  which  there  are  two 
kinds;  the  stitum  ntptamosa  (sifuttma^  a  scale),  formed  by  the  overlajtping  of  two 
contiguous  bones  by  broad  bevelled  margins,  as  in  the  Sf|uamo-parJetii!  (srjuamous) 
^  JItiture;  and  the  ifutura  harmonia  (iLfijioi>ia,  a  joining  together),  where  there  is 
simple  ap]>osition  of  two  contiguous  rough  bony  surfaces,  as  in  the  articulation 
between  the  two  superior  maxillary  bones  or  of  the  horizontal  plates  of  the  palate 
bones. 

Schindylesis  {ty^tudoXr^dei;,  a  fissure)  is  that  form  of  articulation  in  which  a  thin 

fdate  of  bone  is  received  into  a  cleft  or  fissure  formed  by  the  separation  of  two 
amini^  in  another  bone,  as  in  the  articulation  uf  the  rostrum  of  the  splienoid  and 
perpendicular  {date  of  the  ethmoid  with  the  vomer,  or  in  iho  reception  of  the  latter 
in  the  fissure  between  the  supeinor  maxillai\v  and  palate  hfuies. 

Qomphosis  (ydfiffoc,  a  nail)  is  an  articulation  formed  by  the  insertion  of  a 
conical  process  into  a  socket,  as  a  nail  is  driven  intf*  a  board  ;  this  is  not  illustrated 
by  any  articulation  between  bones,  properly  so  called,  but  is  seen  in  the  articulation 
of  the  teeth  with  the  alveoli  i*f  the  maxillary  bones. 

Synchondrosis. — Where  the  connecting  medium  is  cartilage  the  joint  is  termed 
synchondrosis.     This  is  a  temporary  form  of  joint,  for  the  cartilage  becomes  con- 
erted  into  bone  before  adult  life  {sf/nostfUiiH),     Such  a  joint  is  fouud  between  the 
epiphyses  and  shafts  of  long  bones. 

rr  2.  AmpMarthrosis.    Mixed  Articulations. 

In  this  form  of  articulation  the  contiguous  osseous  surfaces  are  connected 
together  by  broad  flattened  disks  of  fibro-cnrtilage,  of  a  more  or  less  com- 
plex structure,  which  adhere  to  the  end  of  each  bone,  as  in  the  articulation  be- 
tween the  bodies  of  the  vertebne  and  the  pubic  symphyses.  This  is  termed 
Symphysis.  TJr,  secondly,  the  bon}-  surfaces  are  united  by  an  interosseous  liga- 
ment, as  in  the  inferior  tibio-fibular  articulation.  To  this  the  term  Syndesmosis 
is  applied. 
3.  Diarthrosis.  Movable  Articulations. 
This  form  of  articulation  includes  the  greater  number  of  the  joints  in  the  body, 
mobility  being  their  distinguishing  character.  They  are  formed  by  the  approxi- 
mation of  two  contiguous  bony  surfaces  covered  with  cartihige,  connected  by 
ligaments  and  lined  by  synovial  membrane.     The  varieties  of  joints  in  this  class 

■  have  been  determined  by  the  kind  of  inoti(m  permitted  in  each.  There  are  two 
yarietiee  in  which  the  movement  is  uniaxial ;  that  is  to  say,  all  movements  take 
place  around  one  axis*  In  one  form,  the  (Tinglymus,  this  axis  is,  practically 
speaking,  transverse;  in  the  other,  the  trochoid  or  pivot-joint,  it  is  longitudinal. 
There  are  two  varieties  where  the  movement  is  biaxial,  or  around  two  horizontal 
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axes  at  right  anglea  to  each  other  or  at  any  intervening  axis  between  the  twa. 
These  are  the  condyloid  and  safHle-joint.  There  is  one  form  of  joint  where  the 
movement  h  polyaxial  the  enarthrosis  or  ball-and-socket  joint.  And  finally  there 
are  the  Arthrodia  or  Gliding  joints, 

Qingl3rmus  or  Hinge-joliit  {yiyyhjfio^,  a  hinge).— In  this  form  of  joint  the 
articular  surfaces  are  moulded  to  each  other  in  such  a  manner  as  to  permit  motion 
only  in  one  plane,  forward  and  backward ;  the  extent  of  motion  at  the  same  time 
being  considerable.  The  direction  which  the  distal  bone  takes  in  this  motion  is 
never  in  the  same  plane  as  that  of  the  axis  of  the  proximal  bone,  but  there  ia 
always  a  certain  amount  of  alteration  from  the  straight  line  during  flexion.  The 
articular  surfaces  are  connected  together  by  strong  lateral  ligaments,  which  form 
their  chief  bond  of  union.  The  most  perfect  forms  of  ginglymus  are  the  inter- 
phalangeal  joints  and  the  joint  between  the  humerus  and  ulna  ;  the  knee  and  ankle 
are  less  perfect,  as  they  allow  a  slight  degree  of  rotation  or  lateral  movement  in 
certain  positions  of  the  limb. 

TrochQides  (pivot-Joint), — Where  the  movement  is  limited  to  rotation,  the  joint 
is  formed  by  a  pivot-like  process  turning  within  a  ring,  or  the  ring  on  the  pivot,  the 
ring  being  formed  partly  of  bone,  partly  of  ligament.  In  the  superior  radio-ulnar 
articulation  the  ring  is  formed  partly  by  the  lesser  sigmoid  cavity  of  the  nlna ;  in 
the  rest  of  its  extent,  by  the  orbicular  ligament ;  here  the  head  of  the  radius 
rotates  within  the  ring.  In  the  articulation  of  the  odontoid  process  of  the  axis 
with  the  atlas  the  ring  is  formed  in  front  by  the  anterior  arch  of  the  atlas;  behind, 
by  the  transverse  ligaioent;  here  the  ring  rotates  round  the  odontoid  process. 

Condyloid  Articulationa.'^In  this  form  of  joint  an  ovoid  articular  head,  or 
condyle,  is  received  into  an  elliptical  cavity  in  such  a  manner  as  to  permit  of 
flexion  and  exteusirm,  adduction  and  abduction  and  circumduction,  but  no  axial 
rotation.  The  articular  surfaces  are  connected  together  by  anterior,  posterior,  and 
lateral  ligaments.     An  example  of  this  form  of  joint  is  found  in  the  wrist. 

Articulations  by  Reciprocal  Reception  (saddle-joint). — In  this  variety  the 
articular  surfaces  are  concavo-convex  ;  that  is  to  say,  they  are  inversely  convex  in 
one  direction  and  concave  in  the  other.  The  movements  are  the  same  as  in  the 
preceding  form  ;  that  is  to  say,  there  is  flexion,  extension,  adduclion,  abduction, 
and  circumduction,  but  no  axial  rotation.  The  articular  surfaces  are  connected  by 
a  capsular  ligatnent.  The  best  example  of  this  form  of  joint  is  the  carpo-meta- 
carpal  joint  of  the  thumb. 

Bnarthrosis  is  that  f  u-in  of  joint  in  which  the  distal  bone  is  capable  of  motion 
anuind  an  indefinite  number  of  axes  which  have  one  common  centre.  It  is  formed 
by  the  reception  of  a  globular  head  into  a  deep  cup*like  cavity  (hence  the  name 
"^  ball-an<l-socket  '*),  the  parts  being  ke]*t  in  apjiosition  by  a  capsular  ligament 
strengthened  by  accessory  ligamentous  bands.  Examples  of  this  form  of  articulation 
are  found  in  the  hip  and  shoulder, 

Artlirodia  is  that  form  of  joint  which  admits  of  a  gliding  movement;  it  is 
formed  by  the  ap]>roximatinn  of  plane  surfaces  or  one  slightly  concave,  the  other 
slightly  convex,  the  amount  of  motion  between  them  being  limited  b\^  the 
ligaments,  or  osseous  processes,  surrounding  the  articulation;  as  in  the  articular 
processes  of  the  vertebri^,  the  carpal  joints,  except  that  of  the  os  magnum  with  the 
scaphoid  and  semilunar  bones,  and  the  tarsal  joints  with  the  exception  of  the  joint 
between  the  astragalus  and  the  navicular. 

On  the  next  page,  in  a  tabular  form,  are  the  names,  distinctive  characters,  and 
examples  of  the  different  kinds  of  articulations. 

The  Kinds  of  Movement  admitted  in  Joints. 

The  movements  admissible  in  joints  may  be  divided  into  four  kinds  :  gliding, 
angular  movement,  circumduction,  and  rotation.  These  movements  are  often, 
however,  more  or  less  combined  in  the  various  joints,  so  as  to  produce  an  infinite 
variety,  and  it  is  seldom  that  we  find  only  one  kind  of  motion  in  any  particular  joint. 
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S^nart7iro»i8y  or 
Immovable  Joint. 
Surfftces  separated 
by  fibrous  mem- 
brane or  by  line 
of  cartilage,  with- 
out any  interven* 
ing  synovial 
cavity,  and  im- 
movably  con- 
neeted  with  each 
other. 

As  in  joints  of 
CTanium  and  face 
(except  lower 
jaw). 


^r^Tmp  A I  a  rth  rosis, 
■  ^Bblixed     Articula- 
t^ion. 


iSutura.  Ar- 
ticulation by 
processes  and 
indentations 
interlocked  to- 
gether. 


Sutura  vera 
(true)*  articulate 
by  indented  bor* 
ders. 


Sutura      notka 

(false),    articulate 

^  by  rough  surfaces. 


I>iarthromy 
Movable   Joint, 


Deniata^  having 
tooth -like  processes. 

As  in  interparietal 
suture. 

Se  rra  ^^r ,  h  a  v  i  ng  se r- 
rated  edges  like  the 
teeth  of  a  saw. 

As  in  interfronial 
suture. 

Limhosa^  having 
bevelled  margins  and 
dentated  processes. 

As  in  fron to-parie- 
tal suture. 

Squamosa,  formed 
by  thin  bevelled  mar- 
gins, overlapping  each 
other. 

As  in  squamo-parie- 
tal  suture. 

Harm  on  ia ,  f o  nn  e  d  by 
the  apposition  of  con- 
tiguous rough  surfaces. 
As    in    intermaxil- 
^  lary  suture. 

Schindylesis. — Articulation  formed  by  the  reception  of  a 
thin  plate  of  one  bone  into  a  fissure  of  another. 

As  in  articulation  of  rostrum  of  sphenoid  with  vomer. 
Gomphosh. — Articulation    formed  by  the  insertion  of  a 
conical  process  into  a  socket :  the  teeth. 
Stpi  eh  on  drosia. — £p  iphysia  I  Im  es, 

St/mphf/sis. — Surfaces  connected  by  fibro-cartilage,  not 
separated  by  synovial  membrane,  and  having  limited  motion. 
As  in  joints  between  bodies  of  vertebrae. 

Si/ndeamosis. — Surfaces  united  by  an  interosseous  ligament. 
As  in  the  inferior  tihio-fihular  articulation. 

Ginffb/mus, — Hinge*joint :  motion  limited  to  two  directions, 
forward  and  backward.  Articular  surfaces  fitted  together 
so  as  to  permit  of  movement  in  one  plane.  As  in  the  inter- 
pbalangeal  joints  and  the  joint  between  the  humerus  and  the 
ulna. 

TroehoideH,  or  Pivot-joint, — Articulation  by  a  pivot  process 
turning  within  a  ring  or  ring  around  a  pivot.  As  in  superior 
radio-ulnar  articulation  and  atlanto-axial  joint. 

Condylotd,--^{yvmA  head  received  into  elliptical  cavity. 
Movements  in  every  direction  except  axial  rotation.  As  the 
wrist-joint. 

Reciprocal  Reception  (saddle-joint). — Articular  surfaces 
inversely  convex  in  one  direction  and  concave  in  the  other. 
Movement  in  every  direction  except  axial  rotation.  As  in  the 
carpo-metacarpal  joint  of  the  thumb. 

EnarthroHH, — Bnll-and-socket  joint ;  capable  of  motion  in 
all  directions.  Articulations  by  a  globular  head  received  into 
a  cup'like  cavity.     As  in  hip-  and  shoulder-joints. 

Arthrodia. — Gliding  joint ;  articulations  by  plane  surfaces, 
which  glide  upon  each  other.  As  in  carpal  and  tarsal  articu- 
lations. 
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THE  ARTICULATIONS 


Q-liding  movement  is  the  most  simple  kind  of  motion  that  can  take  place  in  a 
joiot,  one  surface  gliding  or  moving  over  another  >vithout  any  angular  or  rotatory 
movement.  It  is  common  to  all  movable  joints,  but  in  s(ime,  ai*  in  the  articu- 
lations of  the  carpus  and  tarsus,  it  is  the  only  motion  permitted.  This  movement 
is  not  confined  to  plane  surfaces,  hut  may  exist  between  any  two  contiguous 
surfaces,  of  whatever  form,  limited  by  the  ligaments  which  enclose  the  articu- 
lation. 

Angular  movement  occurs  only  between  the  long  bones,  and  by  it  the  angle 
between  the  two  hones  is  increased  or  diminished.  It  may  take  place  in  four 
directions:  forward  and  backward,  constituting  flexion  and  extension*  or  inward 
and  outward,  from  the  mesial  line  of  the  body  (or  in  the  lingers  and  toes  from 
the  midflle  line  of  the  hand  or  foot),  constituting  adduction  and  abduction.  The 
strictly  ginglymoid  or  hinge-joints  admit  of  flexion  and  extension  only.  Abduction 
and  adducticm,  cnrabined  with  flexion  and  extension,  are  met  with  in  the  more 
movable  joints :  as  in  the  hip,  shoulder,  and  metacarpal  joint  of  the  thumb,  and 
partially  in  the  wrist. 

Cirrutmhu'fiofi  is  that  limited  degree  of  motion  which  takes  place  between  the 
heatl  of  a  hone  and  its  articular  cavity,  whilst  the  extremity  and  sides  of  the  limb 
are  made  to  circumscribe  a  conical  space,  the  base  of  which  corresponds  with  the 
i n fe r i or  ex tre m i  ty  of  t h e  1  i mb ,  th e  a pe x  with  t  h e  a r t i  c ula r  ca v i  ty  ;  th is  kind  of 
motion  is  best  seen  in  the  shoulder-  and  hip-joints. 

Rfdatinji  is  the  movement  <if  a  bone  upon  an  axis,  which  is  the  axis  of  the  pivot 
on  which  the  bone  turns,  as  in  the  articulatirm  between  the  atlas  and  axis,  when 
the  odontoid  process  serves  iis  a  pivot  around  which  the  atlas  turns;  or  else  is  the 
axis  of  a  pivot-like  process  which  turns  within  a  ring,  as  in  the  rotation  of  the 
radius  upon  the  humerus. 

Lppimenfints  A  rtion  of  Muscles, — The  movements  of  the  different  joints  of  a  limb 
are  combined  by  means  of  the  long  muscles  which  pass  over  more  than  one  joint, 
and  which,  when  relaxed  and  stretched  to  their  greatest  extent,  act  to  a  certain 
extent  as  elastic  ligaments  in  restraining  certain  movements  of  one  joint,  except  when 
combined  with  corresponding  movements  of  the  other,  these  latter  movements 
being  usually  in  the  opposite  direction.  Thus  the  shortness  of  the  hamstring 
muscles  prevents  comjdete  flexion  of  the  hip,  unless  the  knee-joint  he  also  tlexed, 
BO  as  to  bring  their  attachments  nearer  together.  The  uses  of  this  arrangement 
are  threefold  :  1.  It  co-ordinates  the  kinds  of  movement  which  are  the  most 
habitual  and  necessary,  and  enables  them  to  be  performed  with  the  least  expendi- 
ture of  power.  "Thus  in  the  usual  gesture  of  the  arms,  whether  in  grasping  or 
rejecting,  the  sljonlder  and  t!ie  elbow  are  Mexed  simultaneously,  and  simultaneously  k 
exten<led,"  in  consequence  of  the  passage  of  the  Biccfis  and  Triceps  cubiti  over  both  I 
joints.  '2s  It  enables  the  short  muscles  which  pass  over  only  one  joint  to  act  upon 
more  than  one,  '^^  Thus,  if  the  Rectus  femoris  remain  tonieally  of  such  length 
that,  when  stretched  over  the  extended  hii),  it  compels  extension  of  the  knee,  then 
the  Gluteus  maximus  becomes  not  only  an  extensor  of  the  hip,  but  an  extensor  j 
of  the  knee  as  welf  3.  It  provides  the  joints  with  ligaments  which,  while  they  I 
are  of  very  great  power  in  resisting  movements  to  an  extent  incompatible  with  the 
mechanism  of  the  joint,  at  the  same  time  sjumtaneously  yield  when  necessary. 
'■' Taxed  beyond  its  strength,  a  ligament  will  be  ruj)tured,  whereas  a  contracted 
muscle  is  easily  relaxed  ;  also,  if  neighburing  joints  he  united   liy  ligaments,  the 

amount  of  flexion  or  extension  of  each  must  remain  in  constant  proportion  to  that^^ 

of  the  other;  while,  if  the  union  be  by  muscles,  the  separation  of  the  points  of  attach^ 

ment  of  those  muscles  may  vary  consirlerably  in  dift'erent  varieties  of  movemeal  ^ 
the  muscles  adapting  themselves  tonieally  to  tlie  length  rerjuired."  The  quotation^  :3^ 
are  from  a  very  interesting  paper  by  Dr.  Clehuid  in  the  J*turtial  of  Anatomi/  an  .^ 
Phi^»kdo(fiu  No.  1,  1866,  p.  85;  by  whom  I  believe  this  important  fact  in  itz-^ 
mechanism  of  joints  was  first  clearly  pointed  out,  though  it  has  been  in  dependents  ^^^ 
observed  afterward  by  other  anatomists.  Dr.  W.  W.  Keen  j*oints  out  lm«:z:^ 
important  it  is  *'  that  the  surgeon  should  remember  this  ligamentous  actiotm      -^cz: 
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muscles  in  making  passive  motion — for  instance,  at  the  wrist  after  Colles's  fracture. 
If  the  fingers  be  extended,  the  wrist  can  be  flexed  to  a  right  angle.  If,  however, 
they  be  first  fiexed,  as  in  "  making  a  fist,"  flexion  at  the  wrist  is  quickly  limited  to 
from  forty  to  fifty  degrees  in  difierent  persons,  and  is  very  painful  beyond  that 

foint*  Hence  passive  motii>n  here  s^houkl  be  made  with  the  fingers  extended. 
n  the  leg.  when  flexing  the  hip,  the  knee  should  be  flexed."  Dr.  Keen  further 
points  out  that  '*  a  beautiful  illustriition  of  this  is  seen  in  the  perching  of  birds, 
whose  toes  are  forced  to  clasp  the  perch  by  just  such  a  passive  ligauientous 
action  so  soon  as  they  stoop.  Hence  they  can  go  to  sleep  and  not  fall  off  the 
perch.'' 

The  articulations  may  be  arranged  into  those  of  the  trunk,  those  of  the  upper 
itremitv,  and  those  of  the  lower  extremitv. 


AETICULATIONS  OP  THE  TRUNK. 

These  may  be  divided  into  the  following  groups,  viz. : 

Of  the  cartilages  of  the  ribs  wirh 


I.  Of  the  vertebral  column. 

n.  Of  the  atlas  with  the  axis. 

III.  Of  the  atlas  with  the  occipital  bone. 

IV.  Of  the  axis  with  the  occipital  bone. 
V.  Of  the  lower  jaw. 

VI.  Of  the  ribs  with  the  vertebrae. 


VIII. 
IX. 

X. 


the  sternum  and  with  each  other. 
Of  the  stermnu. 
Of  the  vertebral  column  with  the 

pelvis. 
Of  the  pelvis. 


I.    Articulations  of  the  Vertebral  Column. 

The  different  segments  of  the  spine  are  connected  together  by  ligaments,  which 
afJioit  of  the  same  arrangement  as  the  vertebrse.  They  may  be  divided  into  five 
setsi  1.  Those  connecting  the  bodies  of  the  vertebrae.  2.  Those  connecting  the 
^timin(s,  3.  Those  connecting  the  artHuIar  processes,  4.  Those  connecting  the 
^irtous  processes.     5,  Those  of  the  tnifisiuTMc  processes. 

The  articulations  of  the  hodh'S  of  the  vertebne  with  each  other  form  a  series 
<*f  amph i art hrodial  joints  {Ai/mpftt/se»)  ;  those  between  the  ftrtieidar  processes  form 
^  series  of  arthrodial  joints. 

1.    The  LioAMENTs  of  the  Bodies. 

Anterior  Common  Ligament,  Posterior  Common  Ligament. 

Intervertebral  Substance. 

The  Anterior  Common  Ligament  (Figs.  227,  228,  235,  239)  is  a  broad  and 

*^otig  band  of  ligauientous   fibres  which  extends  along  the  front  surface  of  the 

'es  of  the  vertebraa  from  the  axis  to  the  sacrum.     It  is  broader  below  than 

ve,  thicker  in  the  dorsal  than  in  the  cervical  or  lumbar  regions,  and  somewhat 

^aiclcer  opposite  the  front  of  the  body  of  each  vertebra  than  opposite  the  inter- 

^^**tebral  substance.      If  is  attached,  above,  to  the  body  of  the  axis  by  a  pointed 

P*'o<;ess,  where  it  is  coutiuuous  with   the  anterior  atlanto-axial  ligament,  and  is 

1*^11  nected  with  the  tendon  of  insertion  of  the  Longus  colli  muscle,  and  extends 

'o^w-ii  as  far  as  the  upper  bone  of  the  sacrum.     It  consists  of  dense  longitudinal 

**>>ire«,  which   arc  intimately   adherent  to  the  inter  vertebral   substance   and    the 

pi"oiuiiient   margins  of  the  vertebne.  but  less  closely  to  the  middle  of  the  bodies. 

^^^     *^lie  latter  situation   the  fibres  are  exceedingly  thick,  and  serve  to  fill  up  the 

^^neavities  on  their  front  surface  and  to  make  the  anterior  surface  of  the  spine 

jnoreeven.     This  ligament  is  composed  of  several  layers  of  fibres,  which  vary  in 

eri^tlj^  but  are  closely  interlaced  with  each  other.     The  most  superficial  or  longest 

Drea  extend  between  four  or  five  vertebne,     A   second   subjacent  set    extend 

^^t^'een  two  or  three  vertehrie,  whilst  a  third  set,  tlie  shortest  and  deepest,  extend 

^*ti  one  vertebra  to  the  next.     At  the  side  of  the  bodies  the  ligament  consists  of 

^^  short  fibres,  which  pass  from  one  vertebra  Ut  the  next,  separated  from   the 

^-^i^n  portion  Uy  large  oval  apertures  for  the  passage  of  vessels. 

J^he  Posterior  Common  Ligament  (Figs,  227,  231)  is  situated  within  the  spinal 


THE   ARTICULATIONS 

canal,  and  extendgi  along  the  posterior  surface  of  tlie  l>odies  of  the  vertebne  from 
the  body  of  the  axis  above,  Avhere  it  is  continuous  witb  the  oceipito-axial  ligament, 
to  tbo  sacjnim  below.  It  i»  broader  above  than  bebjw,  and  thicker  in  the  dorsal 
than  in  the  cervical  or  lunibiir  regjjvns.  In  the  situation  of  the  intervertebral 
substance  and  contiguous  margiuss  of  the  vertebnx\  where  the  ligament  is  more 
intimately  adherent,  it  is  broad,  and  presents  a  series  of  dentations  with  inter- 
vening concave  margins ;  but  it  is  narrow  and  thick  over  the  centre  of  the  bodies* 
from  which  it  is  separated  by  the  mnm  ham»  vertebroe.  This  ligament  is  composed 
of  smooth,  shining,  longitudinal  fibres,  denser  and  more  comjtact  than  those  of  the 
anterior  ligament,  and  comfiosed  of  a  superficial  layer  occupying  the  interval 
between  three  or  four  vertebra\  and  of  a  deeper  layer  which  extends  between 
one  vertebra  and  the  next  adjacent  to  it.     It  is  separated  from  the  dura  mater  of 
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the  s|unal   cord  by  some   loose  connective  tissue  which  is  very  liable  to  serous 
infiltration. 

The  Intervertebral  Substance  (Figs.  227,  230)  is  a  lenticular  disk  of  composite 
structure  interposed  between  tlie  ailjacent  stirfaces  of  the  bodies  of  the  vertebrae 
from  the  axis  to  the  sacrum,  and  forming  the  chief  bond  of  connection  between 
those  hones.  These  disks  vary  in  shape,  size,  and  thickness  in  different  part«  of 
the  spine.  In  ahape  they  accurately  correspond  with  the  surfaces  of  the  bodies 
between  which  they  are  placed,  being  oval  in  the  cervical  and  lumbar  regions,  and 
circular  in  tlie  dorsal.  Their  size  is  greatest  in  the  lumbar  regitm.  In  thickness 
they  vary  not  otdy  in  tlie  diffcreut  regions  of  the  spine,  but  in  different  part«  of 
the  same  disk:  tlius,  tliey  ore  much  thicker  in  fnmt  than  behind  in  the  cervical 
and  lumbar  regions,  while  they  are  unifiundy  thick  in  the  dorsal  region.  The 
intervertebral  disks  form  about  one-fourth  of  the  spinal  column,  exclusive  of  the 
first  two  vertebra? ;  they  are  not  equally  distributed,  however,  between  the  various 
bones;  the  dorsal  portion  of  the  sjune  having,  in  proportion  to  its  length,  a  much 
smaller  quantity  than  in  the  cervical  and  lumbar  regions,  which  necessarily  give* 
tfi  the  latter  parts  greater  pliancv  and  freedom  of  movement.  The  intervertebral 
disks  are  adberent,  by  iheir  siirriiices.  to  a  thin  layer  of  hyaline  cartilage  which 
covers  the  upper  and  under  surfaces  of  the  bodies  of  the  vertehne,  and  in  which  the 
epiphysial  plate  develops,  and   by  their  circumference  are   closely  connected  in 
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front  to  the  anterior,  arnl  behind  to  tbe  posterior  common  ligament;  wbilst  in  the 
dorsal  region  they  are  conriected  laterally,  by  means  of  the  interarticular  ligament, 
to  the  heads  of  those  ribs  which  articulate  with  two  vertebrje  ;  thej,  consequently, 
form  part  of  tbi^  articular  cavities  in  which  the  heads  of  these  bones  are  received. 
Structure  of  tlie  Intervertebral  Substance, — The  intervertebral  substance  is 
composed,  at  its  circuoitV^rence,  of  laminsi,^  of  fibrous  tissue  and  fibro-cartilage ; 
and,  at  its  centre,  nf  a  soft,  pulpy,  highiy  clastic  substance,  of  a  yellowish  color, 
which  rises  up  considerably  above  the  surrounding  level  when  the  disk  is  divided 
horizontally.  This  puljjy  substance,  which  is  especially  well  developed  in  the 
lumbar  region,  is  the  remains  of  the  chorda  dorsal  is,  and,  according  to  Luschka, 
contains  a  small  synovial  cavity  in  its  centre.  The  laminae  are  arranged  concen- 
trically one  within  the  other,  the  outermoi^t  consisting  of  ordinary  fibrous  tisnue, 
but  the  others  and  Diore  numerous  consisting  of  white  fibro-cartilage.  These 
plates  are  not  (juite  vertical  in  their  direction,  those  near  the  circwmiercnce  being 
curved  outward  and  closely  approximated ;  whilst  those  nearest  the  centre  curve 
in  the  opposite  direction,  and  are  somewhat  more  widely  separated.  The  fibres  of 
which  each  plate  is  composed  are  directed,  for  the  most  jntrt,  oblicjuely  from  above 
downward,  the  fibres  of  adjacent  plates  passing  in  opposite  directions  and  varying 
in  every  layer;  so  that  the  fibres  of  one  layer  are  directed  across  those  of  another, 
Uke  the  limbs  of  the  letter  X.  This  laminar  arrangement  belongs  to  about  the 
outer  half  of  each  disk.  The  pulpy  substance  presents  no  concentric  arrangement, 
and  consists  of  a  fine  librous  matrix^  containing  angular  cells,  united  to  form  a 
reticular  structure. 

2.  Ligaments  coNNECTiNa  the  L.AMrN^. 

Ligamenta  Subflava. 

The  Ligamenta  Subflava  (Fig.  227)  are  interposed  between  the  laminae  of  the 
vertebne,  from  the  axis  to  the  sacrum.  They  are  most  distinct  when  seen  from 
e  interior  of  the  spinal  canal ;  when  viewed  from  tlie  outer  surface  they  appear 
ort,  being  overlapped  by  the  laminn?.  Each  ligament  consists  of  two  lateral 
rtions,  which  commence  on  each  side  at  the  root  of  either  articular  process,  and 
pass  backwai^d  to  the  point  where  the  lamina?  converge  to  form  the  spinous 
process,  where  their  margins  are  in  contact  and  to  a  certain  extent  united ;  slight 
intervals  being  left  for  the  passage  of  small  vessels.  These  ligaments  consist  of 
yellow  elastic  tissue,  the  fibres  of  which,  almost  perpendicular  in  direction^  are 
attached  to  the  anterior  surface  of  the  laminae  above,  some  distance  from  its 
inferior  margin,  and  to  the  posterior  surface,  as  well  as  to  the  margin  of  the 
lamina  below.  In  the  cervical  region  they  are  thin  in  texture,  but  very  bi*oad  and 
long ;  they  become  thicker  in  the  dnnsal  region,  and  in  the  lumbar  acquire  very 
considerable  thickness.  Their  liigldy  elastic  property  serves  to  preserve  the 
upright  posture  and  to  assist  in  resuming  it  after  the  spine  has  been  flexed. 
These  ligaments  do  not  exist  between  the  occiput  and  atlas  or  between  the  atlas 
and  axis. 

3.  Ligaments  connecting  the  Articular  Processes, 
Capsular. 

The  Capsular  Ligamenta  (Fig.  229)  are  thin  and  loose  ligamentous  sacs,  attached 
to  the  contiguous  margins  of  the  articulating  processes  of  each  vertebra  through 
Hhe  greater  part  of  their  circumference,  and  completed  internally  by  the  ligamenta 
subflava*  They  are  longer  and  looser  in  the  cervical  than  in  the  dorsal  or  lumbar 
regions.  The  capsular  ligaments  are  lined  on  their  inner  surface  by  synovial 
membrane. 

4.  Ligaments  connecting  the  Spinous  Processes. 
S  u  prasp  i  no  us.  Interspinous. 

The  Supraspinous  Ligament  (Fig.  227)  is  a  strong  fibrous  cord,  which  connecta 
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togetljer  the  apices  of  the  spinous  processes  from  the  seventh  cervieal  to  the  spinoui 
processes  of  the  sacrum.     It  is  thicker  and  broader  in  the  Innihar  than  in  the  dorsall 
region,  and  intimately  blended,  in  both  situations,  with  the  neighboring  aponeu- 
rosis.     The  most  superficial  fibres  of  this  ligament  connect  three  or  four  vertebrae; 
those  deeper-seated  pass  between  two  or  three  vcrtebrre  ;   whilst  the  deepest  connect 
the  contiguous  extremities  of  neighboring  vertebrae.     It  is  continued  upward  to 
the  external  occipital  protuberance,  as  the  posterior  margin  of  the  ligamentutnl 
nuchsu,  which,  in  the  human  subject,  is  comparativelj  thin  and  forms  an  inter*| 
muscular  septum. 

The  Interspinous  Ligaments  (Fig.  227),  thin  and  membranous,  are  interposed 
between  the  spinous  processes.  Each  ligament  extends  from  the  root  to  the 
summit  of  each  spinous  process  and  connects  together  their  adjacent  margins. 
They  are  narrow  and  ehingated  in  the  dorsal  region  ;  broader,  quadrilateral  in 
form,  and  thicker  in  the  lumbar  region  ;  and  only  slightly  developed  in  the  neck. 
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5.    LlUAMENTS    CONNECTING     THE    TRANSVERSE    PROCESSES. 

Intertransverse. 

The  Intertransverse  Ligaments  consist  of  bundles  of  fibres  interposed 
between  the  transverse  processes.  In  the  cervical  region  tbey  consist  of  a  few 
irregular^  scattered  fibres  ;  in  the  dorsal,  they  are  rounded  cords  intimately  con- 
nected with  the  deep  muscles  of  the  hack  ;  in  the  lumbar  region  they  are  thin  and 
membranous. 

Actions. — Tbe  movements  permitted  in  the  spinal  column  are.  Flexion,  Exten- 
sion, Lateral  Movement,  Circumduction,  and  Rotation. 

In  FlexioHy  or  movement  of  the  spine  forward,  the  anterior  common  ligament 
is  relaxed,  and  the  intervertebral  substances  are  compressed  in  front,  while  the 
posterior  common  ligament,  the  ligamenta  subflava,  and  the  inter-  and  supra- 
spinous ligaments  are  stretched,  as  well  as  the  posterior  fibres  of  the  intervertebral 
disks.  The  interspaces  between  thelamim^  are  widened,  and  the  inferior  articular 
processes  of  the  vertebriB  above  glide  upward  upon  the  articular  processes  of  the 
vertebn«  below.      Flexion  is  the  most  extensive  of  all  the  movements  of  the  spine. 

In  Extetuion^  or  movement  of  the  spine  backward,  an  exactly  opposite  dis- 
position of  the  parts  takes  place.  This  movement  is  not  extensive,  being  limited  by 
the  anterior  common  ligament  and  by  the  approximation  of  the  spinous  processes. 

Flexion  and  extension  are  most  free  in  the  lower  part  of  tbe  lumbar  region 
between  the  third  and  fourth  and  fourth  and  fifth  lumbar  vertebrEc;  above  the 
third  tbey  arc  much  diminished,  and  reach  their  minimum  in  tbe  middle  and 
upper  part  of  the  back.  They  increase  again  in  the  neck,  the  capability  of  motion 
backward  from  the  upright  position  being  in  this  region  greater  than  that  of  the 
motion  forwaril,  whereas  in  the  lumbar  region  the  reverse  is  the  case. 

In  Latvral  Movement^  the  sides  of  tlie  intervertebral  disks  are  compressed,  tbe 
extent  of  motion  being  limited  by  the  resistance  offered  by  the  surrounding  liga- 
ments and  by  the  approximation  of  the  transverse  processes,  This  movement  may 
take  |dace  in  any  part  of  the  spine,  but  is  most  fiee  in  the  neck  and  loins. 

Circumdui'tion  is  very  limited,  and  is  produced  merely  by  a  succession  of  the 
preceding  movements. 

Rotation  is  produced  by  the  twisting  of  the  intervertebral  Bubstances ;  this, 
although  only  slight  between  any  two  vertebri^,  produces  a  great  extent  of  move- 
ment when  it  takes  place  in  the  whole  length  of  the  spine,  tbe  front  of  the 
column  being  turned  to  one  or  the  other  side.  This  movement  takes  place  only  to 
a  alight  extent  in  the  neck,  but  is  freer  in  the  upper  part  of  the  dorsal  region,  and 
is  altogether  absent  in  the  lumbar  region. 

It  is  thus  seen  that  the  cervical  reginu  enjoys  the  greatest  extent  of  each 
variety  of  movement*  fiexion  and  extension  especially  being  very  free.  In  the 
dorsal  regitni  tbe  three  movements  of  flexion,  extension,  and  circumduction  are 
only  permitted  to  a  slight  extent,  while  rotation  is  very  free  in  the  upper  part  and 
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below.  In  the  lumbar  region  there  is  free  flexion,  extension,  and  lateral 
movement,  but  no  rotation. 

As  Sir  George  Homphry  has  pointed  out,  the  movements  permitted  are  mainly 
due  to  the  shape  and  position  of  the  articulating  processes.  In  the  loins  the 
inferior  articulating  processes  are  turned  outward  and  embraced  by  the  superior; 
this  renders  rotation  in  this  region  of  the  spine  impossible,  while  there  is  nothing 
to  prevent  a  sliding  upward  and  downward  of  the  surfaces  on  each  other,  so  as  to 
dlow  of  flexion  and  extension.  In  the  dnrsal  region^  on  the  other  hand,  the 
articulating  processes,  by  their  direction  and  mutual  adaptation,  especially  at  the 
upper  part  of  the  series,  permit  of  rotation,  but  prevent  extension  and  flexion, 
while  in  the  cervical  region  the  greater  obliquity  and  lateral  slant  of  the  articular 
processes  allow  not  only  flexion  and  extension,  but  also  rotation. 

The  principal  muscles  which  produce  flexion  are  the  Stern o-mastoid,  Rectus 
capitis  anticus  major,  and  Longus  colli  ;  the  Scaleni ;  the  abdominal  muscles  and 
the  Psoas  ma  gnus.  £ilension  is  produced  by  the  fourth  layer  of  the  muscles  of 
the  back,  assisted  in  the  neck  by  the  Splenius,  Semis|iinalis  dorsi  et  colli,  and 
the  Multifidos  spinse.  Lateral  motion  is  produced  by  the  fourth  layer  of  the 
muscles  of  the  back,  by  the  Splenius  and  the  Scaleni,  the  muscles  of  one  side  only 
acting;  and  rotation  by  the  action  of  the  following  muscles  of  one  side  only — viz* 
the  Sterno-mastoid,  the  Rectus  capitis  anticus  major,  the  Scaleni,  the  Multifidus 
Bpinte,  the  Complexus,  and  the  abdominal  muscles, 

n.  Articulation  of  the  Atlas  with  the  Axis. 

The  articulation  of  the  Atlas  with  the  Axis  is  of  a  comtilicated  nature,  comprising 
ao  fewer  than  four  distinct  joints»  There  is  a  pivot  articulation  between  the  odontoid 
process  of  the  axis  and  the  ring  formed  between  the  anterior  arch  of  the  atlns  and 
the  transverse  ligament  (see  Fig,  230).  Here  there  are  two  joints  :  one  in  front 
between  the  posterior  surface  of  the  anterior  arch  of  the  atlas  and  the  front  of  the 
odontoid  process  (the  atio-odontoid  Joint  of  Vrmwilhier) ;  the  other  between  the 
anterior  surface  of  the  transverse  ligament  and  the  back  of  the  process  (the 
iyndesmo'odontoid  joint).  Between  the  articular  processes  of  the  two  bones 
there  is  a  double  arthrodia  or  gliding  joint  The  ligaments  which  connect  these 
hones  are  the 


Two  Anterior  Atlanto-axiah 
Posterior  Atlanto-axiaL 


Transverse* 
Two  Capsular. 
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Of  the  Two  Anterior  Atlanto-axial  Ligaments  (Fig,  228),  the  more  superficial  ia 
a  rounded  cord,  situated  in  the  middle  line:  it  h  attached,  above,  to  the  tubercle 
on  the  anterior  arch  of  tlic  atlas  ;  below,  to  the  base  of  the  odontoid  process  and  to 
the  front  of  the  body  of  the  axis.  The  deeper  ligament  is  a  membranous  layer* 
attached,  above,  to  t!ie  lower  border  of  the  anterior  arch  of  the  atlas;  below,  to 
the  base  of  the  odontoid  process  and  front  of  the  body  of  the  axis-  These  ligaments 
are  in  relation,  in  front,  with  the  Recti  antici  majores. 

The  Posterior  Atlanto-aiial  Ligament  (Fig.  229)  is  a  broad  and  thin  membranous 
layer,  attached,  above,  to  the  lower  border  of  the  posterior  arch  of  the  atlas ; 
below,  to  the  upper  edge  of  the  lamina?  of  the  axis.  This  ligament  supplies 
the  place  of  the  ligaraenta  subflava,  and  is  in  relation,  behind,  with  the  Inferior 
oblique  muscles. 

The  Transverse  Ligament'  (Figs.  230,  231)  is  a  thick  and  strong  ligamentous 
band,  which  arches  across  the  ring  of  the  atlas,  and  serves  to  retain  the  odontoid 
process  in  firm  connection  with  its  anterior  arch.  This  ligament  is  flattened  from 
before  backward,  broader  and   thicker  in  the  middle  than  at  either  extremity,  and 

*  II  has  tie^n  found  neces.Hury  to  dcscril>e  llie  tmii^ivtfrsi}  lifj^ametit  with  those  of  the  atljis  fine! 
h;  bat  the  f^tudent  must  rememl>er  that  it  ia  really  it  portion  of  the  inet'hfiBif*ni  bv  which  the 
'ements  of  the  head  un  the  wpine  are  rejinlatu'd  ;  sn  that  the  connuclimis  hetwffii  the  atlas  and 
0ught  fliways  to  be  studied  together  with  thoae  between  the  latier  boTiesand  the  i^kull. 
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firmly  attached  on  each  side  to  a  amall  tubercle  on  the  inner  surface  of  the  lateral 
ma^s  of  the  atlas.  As  it  crosses  the  odontoid  process,  a  small  fasciculus  is  derived 
from  its  upper  and  lower  borders;  the  former  passing  upward,  to  be  inserted  into 
the  basilar  process  of  tbe  occi|)ital  boue ;  the  latter,  downward,  to  be  attached  to 
the  posterior  surface  of  the  body  of  the  axis;  hence,  the  whole  ligament  has 
received  the  name  of  crueiform.  The  transverse  ligament  divides  the  ring  of  the 
atlas  into  two  unetfual  parts :  of  these,  the  posterior  and  larger  serves  for  the 
transmission  of  the  cord  and  its  membranes  and  the  spinal  accessory  nerves; 
the  anterior  anil  j^maller  contains  tbe  odontoid  process.  Since  the  space  between 
the  anterior  arch  of  the  atlas  and  the  transverse  ligament  is  smaller  at  the  lower 
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part  than  the  upper  (because  the  transverse  ligament  embraces  firmly  the  narrow 
neck  of  the  odontoid  process),  this  process  is  retained  in  firm  connection  with 
the  atlas  after  all   the  other  ligaments  have  bi-en  divided. 

The  Capsular  Ligaments  connect  tbe  articular  processes  of  the  atlas  and  axis,  the 
fibres  being  strongest  on  the  posterior  and  internal  part  of  the  articulation,  ficc*»#»- 
0/7/  iiqamefits  ;  these  latter  exteud  downward  and  inward  fo  the  body  of  the  axis. 

There  are  four  Synovial  Membranes  in  this  articulation :  one  lining  the  inner 
surface  of  each  of  the  eapsidar  ligaments;  one  between  the  anterior  surface  of  the 
odontoid  process  and  the  anterior  arch  of  the  atlas,  the  atlo-odonloid  Joint ; 
and  one  between  tbe  posterior  surface  of  the  odontoid  process  and  the  transverse 
ligament,  the  m/nde^mo-odotttoid  Johtt.  The  latter  often  communicates  with 
those  between  the  condyles  of  tbe  occipital  hone  and  the  articular  surfaces  of  the 
atlas. 

Actions. — This  joint  allows  the  rotation  of  the  atlas  (and,  with  it,  of  the  era- 
nium)  ui)on  the  axis,  the  extent  of  rotation  being  limited  by  the  odontoid  liga- 
ments. 

The  principal  muscles  by  which  this  action  is  produced  are  the  Stemo-mastoid 
and  Complexus  of  one  side,  acting  with  the  Rectus  cajotis  anticus  major,  Splenius, 
Trachelo-niastoid,  Rectus  capitis  posticus  major,  and  Inferior  oblique  of  the  other 
side. 
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ABTICULATIONS  OF  THE  SFINI!  WITH  THE  CEA20UM. 

The  ligaments  connecting  the  spine 'with  the  cranium  may  he  divi<led  into  two 
sets — those  connecting  the  occipital  bone  with  the  atlas,  and  those  connecting  the 
occipital  bone  with  the  axis. 

m.  Articulation  of  the  Atlas  with  the  Occipital  Bone, 

This  articulation  is  a  double  condyloid  joint.     Its  ligaments  are  the 

Two  Anterior  Occipito-atlantah  Two  Lateral  Occipitoatlantal. 

Posterior  Occipito-atlantah  Two  Capsular, 

Of  the  Two  Anterior  Occipito-atlantal  Ligaments  (Fig,  228),  the  superficial  is 
a  strong,  narrow,  rounded  cord,  attached,  above,  to   the  basilar  process  of  the 
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'  FtQ,  22i>. — rX'efplto-mlold  nnd  allo-axotd  Itgaments.    Posterior  view, 

^eiput;  below,  to  the  tubercle  on  rhe  anterior  arch  of  the  atlas:  the  deeper  liga- 
*tient  is  a  broad  and  thin  loembranous  layer  which  passes  between  the  anterior 
margin  of  the  foramen  magnum  above,  and  the  whole  length  of  the  upper  border 
of  the  anterior  arch  of  the  alias  below.  This  ligament  is  in  relation,  in  front,  with 
the  Recti  antici  minores;  behind,  with  the  odontoid  ligaments. 

The  Posterior  Occipito-atlantal  Ligament  (Fig.  2:2i»)  is  a  very  broad  but  thin 
ttembranous  lamina  intimately  lilemh/d  with  tlie  dura  mater*  It  is  connected, 
bove,  to  the  posterior  margin  of  the  foramen  magnum  ;  below,  to  the  upper  border 
of  the  posterior  arch  of  the  atlas.  This  ligament  is  incomplete  at  each  side,  and 
forms,  with  the  superior  intervertebral  notch,  an  opening  for  the  passage  of  the 
vertebral  arlery  and  suboccipital  nerve.  It  iis  in  relation,  behind,  with  the  Recti 
postiei  minorea  and  Obliqui  superiores;  in  front,  with  the  dura  mater  of  the  spinal 
canal,  to  which  it  is  intimately  adherent- 

The  Lateral  Ligaments  are  strong  fibrous  bands,  directed  obliipiely  upward 
and  inward,  attached  above  to  the  jugidar  process  of  the  occipital  boue  ;  below,  to 
the  ba^e  of  the  transverse  process  nf  the  atlas. 

The  Capaular  Ligaments  surround  the  condyles  of  the  occipital  bone,  and  con* 
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nect  them  with  the  articolar  processes  of  the  atlas ;  they  consist  of  thin  and  loose 
capsules,  which  enclose  the  synovial  membrane  of  the  articulation, 

SynQTial  MembraBes.^ — There  are  two  synovial  membranes  in  this  articulatioo, 
one  lining  the  inner  surface  of  each  of  the  capsular  ligaments.  These  occasionally 
communicate  with  that  between  the  posterior  surface  of  the  odontoid  process  and 
I  he  transverse  ligament. 

Actions.— The  movements  permitted  in  this  joint  are  flexion  and  extension, 
which  give  rise  to  the  ordinary  forward  and  backward  nodding  of  the  head,  besides 
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Fit}.  290.— Artlculfttioti  between  odontoid  process  und  atlif^. 

slight  lateral  motion  to  one  or  the  other  side.  When  either  of  these  actions  is 
carried  beyond  a  slight  extent^  the  whole  of  the  cervical  portion  of  the  spine  assists 
in  its  production.  Flexion  is  mainly  produced  by  the  action  of  the  Rectus  capitis 
anticus  major  ct  minor  and  the  Sterno-mastoid  muscles ;  extension  by  the  Rectus 
capitis  posticus  major  et  minor,  the  Superior  oblique,  the  Comi)lexus,  Splenius, 
and  upper  fibres  of  the  Trapezius.  The  Recti  laterales  are  concerned  in  the  lat- 
eral movement,  assisted  by  the  Trapezius,  Splenius,  Com  plexus,  Sterno*mastaid, 
and  the  Recti  laterales  of  the  same  side,  all  acting  together.  According  to  Cru- 
veilhier,  there  is  a  slight  motion  of  rotation  in  this  joint, 

IV.  Articulation  of  the  Axis  with  the  Occipital  Bone. 

Occipito-axial.  Three  Odontoid. 

To  expose  these  ligaments  the  spinal  canal  should  he  laid  open  by  removing 
the  poaterior  arch  of  the  atlas,  the  laminte  and  spinous  process  of  the  axis,  and 
the  portion  of  the  occipital  bone  behind  the  foramen  magnum,  as  seen  in  Fig,  231. 

The  Occipito-axial  Ligament  (appitnitnH  Ut/amenfmuH  ijolU)  is  situated  within 
the  spinal  canal.  It  is  a  broad  and  strong  ligamentous  band,  wLich  covers  the 
odontoid  process  and  its  ligaments,  and  apjtears  to  he  a  }>rotongation  upward  of 
the  posterior  common  ligament  of  the  spine.  It  is  attached,  behjw,  to  the  posterior 
surface  of  the  body  of  the  axis,  and,  becoming  expanded  as  it  ascends,  is  inserted 
into  the  basilar  groove  of  the  occipital  bone,  in  front  of  the  foramen  magnum,  where 
it  hccomes  blended  with  the  dura  mater  of  the  skolL 

Relations* — By  its  anterior  surface  with  the  transverse  ligament,  by  its  posterior 
Burtace  with  the  dura  mater. 

The  Lateral  Odontoid  or  Check  Ligaments  (ahir  lifja meats)  are  strong,  fibrous 
cords,  which  arise  one  on  either  side  of  tbe  upper  part  of  the  odontoid  process, 
and,  passing  obliquely  upward  and  outward,  are  inserted  into  the  rough 
depressions  on  the  inner  side  of  the  condyles  of  the  occipital  bone.  In  the 
triangular  interval  between  these  ligaments  another  strong  librous  cord  (h)f(t- 
metittim  su»pi'7imrif(m  or  middle  odontoid  ligament)  may  be  seen,  which  passes 
almost  perpendicularly  from  the  apex  of  tlie  odontoid  process  to  the  anterior 
margin  of  the  foramen,  being  intimately  blended  with  the  deep  portion  of  the 
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Pig.  281.— Oceipito  axf  »id  and  ailrvaxoM  Ugnmontfi.    Poeterior  view^  obt&lned  by  removing  the  arches  of  the 
TCitcbrat  and  the  fKJsterior  jruirt  uf  the  akii!l. 

of  the  cranium  may  be  carried ;  beiice  tliey    have   received  the  name  of  check 

In  addition  to  these  ligaments,  which  connect  the  atlas  and  axis  to  the  skull, 
the  ligamentum  nuchLe  must  be  regarded  as  one  of  the  ligaments  by  whiidi  the 
spine  is  conneetLMl  with  the  cranium.     It  m  described  on  a  subsequent  page. 

Surgical  Anatomy. — The  liiramtTiits  which  unite  the  component  parts  of  the  vertebrae 
together  are  so  atrotig,  ami  the.-^e  Ixjiies  are  ao  interlocked  by  the  arrangement  of  their 
articulating  proeeaseSt  that  dislocation  is  very  uncommon,  and|  indeed,  unless  accompanied  by 
fiiMJture,  rarely  occun*.  exucf^ft  in  the  upper  part  of  the  neek.  Disikxation  of  the  occiput  from 
the  atlaa  has  only  been  recorded  in  one  or  two  cases;  but  dislocation  of  the  nthis  fn>m  the  axis, 
with  rupture  of  the  transverse  ligament,  is  much  more  eonuntin  :  it  is  the  mcnle  in  which 
death  is  producetl  in  many  eases  of  execution  by  hanging.  In  the  lower  part  of  the  neck — 
that  is,  below  the  third  cervical  vertebra — dislocation  unattended  by  fracture  occasionally  takes 
|>laoe. 

T.    Temporo-maxillary  Articulation. 

This  is  a  double  or  bilateral  condyloid  joint:  the  parts  entering  into  its 
formation  on  each  side  are,  above,  the  anterior  part  of  the  glenoid  cavity  of  the 
temporal  bone  and  the  eminentia  articularis;  and,  below,  the  condyle  of  the  lower 
jaw.     The  ligatncnts  are  the  following: 

External  Lateral.  Stylo-maxillary. 

Internal  Lateral.  Capsular. 

Interarticular  Fibfo-cartilase. 


The  External  Lateral  Ligament  (Fig.  282)  is  a  short,  thin*  and  narrow 
Tasciculu?,  attached,  above,  to  the  outer  surface  of  the  zygoma  and  to  the  rough 
tubercle  on  its  lower  border;  below,  to  the  outer  surface  and  posterior  border  of 
the  neck  of  the  lower  jaw.     It  is  broader  above  than  below;  its  fibres  are  placed 


it  is  in  relation  with  the  capsular  ligament,  of  which  it  is  an  accessory  band,  and 
not  sepai-able  from  it. 

The  Internal  Lateral  Ligament 
(Fig,  233)  is  Ji  s|iccialized  band 
of  cervical  fascia  which  is  attached 
above  to  the  spinous  process  of  the 
sphenoid  bone,  and,  becoming 
broader  as  it  descends,  is  inserted 
into  the  lingula  and  margin  of  the 
dental  foramen.  Its  outer  stirfaee 
18  in  relation,  above,  with  the  Ex- 
ternal pterygoid  muscle;  biwer 
down,  it  is  sejui rated  from  the 
neck  of  the  ctunlyle  by  the  internal 
maxillary  artery;  and  siiH  more 
infcriorly,  the  inferior  dental  ves- 
sels and  nerve  se[ karate  it  from  the 
ramus  of  the  jaw.  The  inner  sur- 
face is  in  relation  with  the  Inter- 
nal pterytioid. 

The  Stylo -maxillary  Ligament 
is  also  a  specialized  band  of  the 
cervical  fascia,  which  extends  from 
near  the  apex  of  the  styloid  pro- 
cess of  the  temporal  bone  to  the 
an^le  and  posterior  border  of  the  ram t is  of  the  lower  jaw,  between  the  Masseter 
and  Internal  pterygoid  muscles.  This  ligament  separates  the  parotid  from  the 
submaxillary  gland,  and  has  attached  to  its  inner  side  part  of  the  fibres  of  origin 
of  the  Stylo-glossus  muscle.  Although  usually  classed  among  the  ligaments  of 
the  jaw,  it  can  only  be  considered  as  an  uccessory  in  the  articulation. 


Fio.  233.— Temporo-miLilUary  jirtlculttClou.  Uuertitil  view. 
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The  Capsular  Ligament  forms  a  thin  and  loose  ligaineiitou.s  capsule,  attached 
rjbove  to  the  cireumftnTnce  of  the  glenoid  cavity  atid  the  articular  surf  ace  im- 
mediately in  front ;  l>elou%  to  the  neck  i>f  die  condyle  of  the  lower  jaw.     It  consists 
of  a  few  thin  scattered  fibres,  and  can  hardly  be  considered  as  a  distinct  ligament; 
it  is  thickest  at  the  Irnck  part  of  the  artieidation.* 

The  Interarfcicular  Fibro-cartilage  (Fig.  tM)  is  a  thin  plate  of  an  oval  form, 
placed  horizontally  between  the  condyle  of  the  jaw  and  the  glenoid  cavity,  Ita 
upper  surface  is  concavo-convex  from 
before  backward,  and  a  little  convex 
tfansversely,   to  accommodate  itself  .\^\ 

to  the  form   of  the  glenoid  cavity.  '/ 

Its  under  surface,  where  it  is  in  con- 
tact with  the  condyle,  is  concave. 
Its  circumference  is  connected  to  the 
capsular  ligament,  and  lu  ti  rmt  to  the 
teiiffcn    of    the    External    pterygoid  ^^♦^ 

muscle-  It  is  thicker  at  its  circum- 
ference, especially  behind,  than  at 
its  centre,  where,  at  tiiues,  it  is  per- 
forated. The  fibres  of  which  it  is  j 
composed  have  a  concentric  arrange- 
tnent,  more  apparent  at  the  circiim-  tkuteo^'"^'*^**^*  «ection  of  tcmporo-mRxnittry  ar- 
ference    than    at    the    centre.       Its 

sarfaces  are  smooth.  It  divides  the  joint  into  two  cavities^  each  of  which  is  fur- 
niiihed  with  a  separate  synovial  membrane. 

The  Synovial  Membranes,  two  in  number,  are  placed,  one  above,  inid  the  other 
below,  the  fibro-cartilage.  The  upper  one,  the  larger  and  looser  of  the  two,  ig 
continued  fn>m  the  nmrgin  of  the  cartilage' covering  the  glenoid  cavity  and 
emitieatia  articuhiris  on  to  the  upper  surface  of  the  iibro-eartihtge.  The  hiwer  one 
losses  from  the  under  surface  of  the  fibro-cartilage  to  the  neck  of  the  condyle  of 
fhe  jaw,  being  prolonged  downward  a  little  farther  behind  than  in  front. 

The  nervi'9  of  this  joint  are  derived  from  the  auricub)'temporal  and  masseteric 
branches  of  the  inferior  maxillary.  The  arteries  are  derived  from  the  temporal 
kfaiich  of  the  external  carotid. 

Actions. — The  movements  permitte<i  in  this  articulation  are  very  extensive. 
Thus,  the  jaw"  may  be  depressed  ur  elevated,  or  it  may  be  carried  forward  or 
kickward  or  from  side  to  side.  It  is  by  the  alternation  of  these  movements, 
performed  in  succession,  that  a  kind  of  rotatory  motion  of  the  lower  jaw  upon  the 
^Pper  takes  place,  w  hich  materially  assists  in  the  mastication  of  the  food. 

If  the  movement  of  depression  is  carried  only  to  a  slight  extent,  the  condyles 
teiuaiu  in  the  glenoiil  cavities,  rotating  on  a  transverse  axis  against  the  inter- 
^fticuiar  fibro-cartilage ;  but  if  the  depression  is  considerable,  the  condyles  glide 
fi'om  the  glenoid  fossiii  on  to  the  articular  eminences,  carrying  with  them  the 
^iiterarticular  fibro-eartilages,  so  that  in  o]>eniiig  the  mouth  widely  the  two  move- 
^<?ats  are  combined — /.  c.  the  condyle  rotates  on  a  transverse  axis  against  the 
"bro^carfjlage,  and  at  the  same  time  glides  forward,  carrying  the  hbro-cartilage 
*itb  it.  When  the  jaw  is  elevated  after  forced  depression^  the  condyles  and 
uuro-cartilages  return  to  their  original  position.  When  the  jaw^  is  carried  for- 
*^d  and  backward  or  from  side  to  side,  an  oblique  gli<ling  movement  of  the 
"^''^'Cartihiges  and  condyles  upon  the  gleindil  cavities  takes  place  in  the  cor- 
''^[«>tidiiig  direction. 
.  I  he  lower  jaw  is  depri'»sed  by  its  own  weight,  assisted  by  the  Platysma,  the 
^giistric,  the  Myb>-hyoid,  and  the  Genio-hyoid.  It  is  ehrated  by  the  anterior 
'^^  of  the  Temporal,  Masseter,  and  lutermil  pterygoid.      It  is  dr&vfn  forward  by 

-  °if  G.  Hurapliry  dej^TiW  ttie  internnl  porti<in  uf  tlie  capsular  ligaiuent  s<?parately,  fls  the  short 
iJ^JI^l  Uteral  ligiiment ;  and  it  t'^rtainlv  setjins  as  de^rving  of  u  separate  deecnptioa  as  the  ei temal 
^**"  liiunettt  18. 
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the  simultaneous  action  of  the  External  pterygoid  and  the  superficial  fibres  of 
the  Masseter;  and  it  is  drawn  backward  by  the  deep  fibres  of  the  Masseter  and 
the  posterior  fibres  of  the  Temporal  muacle.  The  grinding  movement  is  caused 
by  the  alternate  action  of  the  two  External  pterygoids, 

Snrfkce  Form. — The  teuiporo-tDaxillary  sirtitulatiorj  is  quito  superficial,  sitiiated  liclow  the 
biise  ot'tlif^  zygoiiui,  m  trunt  nf  the  tra,u^us  and  external  iiuditury  meatus,  and  behind  the  posterior 
border  of  the  iipt)er  part  of  tlie  Miisseter  miKSi'le.  lis  t^xjict  position  can  be  at  onoe  ascer- 
tained by  feelinir  i'or  the  ci>ndv!e  of  the  jaw,  ibe  workinp:  of  which  can  he  distinctly  felt  in  the 
movements  of  the  lower  jaw  either  vertically  nr  from  bide  to  side,  \yhei*  the  mouth  is  opened 
wide,  the  condyle  advances  out  of  the  glenoid  fossa  on  to  the  etninentia  articularis  and  a  depres- 
sion  is  felt  in  the  situation  of  the  joint. 

Surgical  Anatomy. — The  lower  jaw  is  dislocated  only  in  one  direction — viz.  forward.  The 
accident  is  caused  by  violence  or  muscular  action.  Wlien  tlie  mouth  is  open,  the  condyle  is 
situated  on  the  eminentiu  artieularis*  and  any  sudden  violence,  or  even  a  sudden  muscular  spasm, 
as  durint;  a  convulsive  yawn,  may  displace  the  condyle  lorward  into  the  zygomatic  fossa.  The 
displacement  may  l>e  unilateral  or  bilaleral,  according  as  one  or  both  of  the  condyles  are  dis- 
placefl.     The  latter  of  the  two  is  the  more  common. 

Sir  Astley  Cooper  described  a  cornlition  which  he  termed  "sul4uxation/'  It  mVurs 
princij)ally  in  delicate  women,  and  is  l>elieved  by  some  to  l>e  due  tu  the  rekxation  of  the  liga- 
ments, pcriuittinir  too  free  movement  of  the  Ixnie,  and  possibly  sonic  displacement  of  the  tibrr*- 
cartilage.  Others  have  believed  that  it  is  due  tu  gouty  or  rhennmtic  changes  in  the  joint.  In 
close  relation  to  the  (»ondyle  of  the  jaw  is  the  external  auditor)^  meatus  and  the  tympanum  ;  any 
force,  therelbre,  apphed  to  the  bone  is  hable  to  be  attended  with  damage  to  these  |nirt4>,  or 
inflanmiation  in  the  joint  may  extend  to  (he  ear.  or  on  the  other  hand  inHanimation  of  the  middle 
ear  may  involve  the  lu-ticulation  and  cause  its  destruction,  thus  leading  to  ankylosis  of  the  joint* 
In  ehiklreiK  arthritis  of  this  joint  may  also  Hdlow  the  exanthemata,  and  in  adults  oceui-s  as  the 
result  of  fiome  constitutional  conditions,  as  rheumatism  or  gout.  The  tempont-maxillart' jijint  is 
also  freoneiitly  the  seat  of  osteoarthritis,  leading  to  great  suft'cring  during  efforts  of  mastn^ation. 
A  peculiar  affection  sometimes  attacks  the  neck  and  condyle  of  the  lower  jaw.  consisting  in 
hypertrophy  and  elongation  of  these  parts  and  consequent  protrusion  of  the  chin  to  the  oppo- 
site side. 

VI.    Articulations  of  the  Ribs  with  the  Vertebrae. 

The  articulations  of  the  ribs  with  the  vertebral  column  mitv  he  divided  into 
two  sets:  1,  Those  which  connect  the  heads  of  the  ribs  with  the  bodies  of  the 
vertebrEB,  eosto-eentral.  2.  Those  which  connect  the  necks  and  tubercles  of  the 
ribs  with  the  transverse  processes,  coato-transverse. 

1.    Articulations  between  the  Heads  of  thk  Rida  and  the  Bodies 

OF  the  VEItTEUE.E  (Fig,  235). 

These  constitute  a  series  of  arthrodial  joints,  formed  by  the  articulation  of  the 
heads  of  the  ribs  with  the  cavities  on  the  contiguons  margins  of  the  bodies  of  the 
dorsal  vertebrae,  connected  together  by  the  following  ligaments: 

Anterior  Costo-central  or  Stellate. 
Capsular.  Interarticular. 

The  Anterior  Costo-vertebral  or  Stellate  Ligament  connects  the  anterior  part  of 
the  head  of  each  rib  with  the  sides  of  the  bodies  of  two  vertebrae  and  the  inter- 
vertebral disk  between  thetn.  It  consists  of  three  flat  bundles  of  liganxentoiis 
hhres,  ^vhich  radiate  from  the  anterior  part  of  the  head  of  the  rib.  The  superior 
fasciculus  passes  u|)ward  to  be  con!iected  with  the  body  of  the  vertebra  above; 
the  inferior  one  descemls  to  the  body  of  the  vertebra  below  ;  and  the  middle  one, 
the  smallest  and  least  distinct,  passes  horizontally  inward,  to  be  attached  to  the 
intervertebral  substance. 

Belatkms. — In  front,  with  the  thoracic  ganglia  of  the  sympathetic,  the  pleura, 
and,  on  the  right  side,  with  the  vena  azygos  major;  behind,  with  the  interartieular 
li|Taraent  Jind  synovial  membranes. 

In  the  first  rib,  which  articulates  with  a  single  vertebra  only,  this  ligament 
does  not  present  a  distinct  division  into  three  fasciculi ;  its  fibres,  however,  radiate^ 
and  are  attached  to  the  body  of  the  last  cervical  vertebra,  as  well  as  to  the  body  of 
the  vertebra  with  which  the  rib  articulates.  In  the  tenth,  eleventh,  and  twelfth 
ribs  also,  which  likewise  articulate  with  a  single  vertebra,  the  division  does  not 
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exist ;  but  the  fibres  of  the  ligament  in  each  case  radiate  and  are  eotmected  with 
the  vertebra  above,  as  well  as  that  with  which  the  ribs  articulate. 

The  Capsular  Ligament  i.s  a  thin  au<i  loose  ligamentous  bag,  which  surrounds 
the  joint  between  the  head  of  the  rib  antl  the  articular  cavity  formed  by  the 
intervertebral  disk  and  the 
adjacent  vertebra.  It  is 
very  thin*  firmly  connected 
with  the  anterior  ligatnent, 
and  most  distinct  at  the 
upper  and  lower  parts  of 
the  articulation.  Behind, 
some  of  its  fibres  pass 
through  the  intervertebral 
foramen  to  the  back  of  the 
intervertebral  disk.  This 
is  the  analogae  of  the  %^- 
mentuni  con  jug  ale  of  some 
mammaK  which  unites  the 
beads  of  opposite  ribs  across 
the  back  of  the  interverte- 
ln*al  disk. 

The  Interartlcnlar  Liga- 
ment is  situated  in  the 
later ior  of  the  joint.  It 
consists  of  a  short  band  of 

fibres,  flattened  from  above 

downward,  attached  by  one 

extremity     to    the     sluirp 

crest  on   the    head  of  the 

rib,  and  by  the  other  to  the  intervertebral  disk.    It  divides  the  joint  into  two  cavities, 

which  have  no  communication  with  each  othen     In  the  first,  tenth,  eleventh,  and 

twelfth  ribs  the  intcrarticular  ligament  floes  not  exist ;  consequently,  there  is  but 

otie  ^synovial  toembrane. 

The  SynoYial  Membrane. — There  are  two  synovial  membranes  in  each  of  the 

articulations  in  which  there  is  an  intcrarticular  ligament,  one  on  each  side  of  this 

structure. 
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2,  Articulations  of  the  Necks  and  Tubercles  of  the  Ribs  with 

THE    THANSVERt^E    PROCESSES    (Fig.  236). 

The  articular  portion  of  the  tubercle  of  the  rib  and  adjacent  transverse  process 
wrtn  an  arthrodial  joint. 

Ill  the  t'lerentk  and  twelftk  ribg  this  articulation  is  wanting. 
The  ligaments  connecting  these  parts  are  the — 

S u  perior  Costo-transverse* 

Middle  CostO'transverse  (Interosseous), 

Posterior  Costo-transverse. 

Capsular. 

The  Superior  Oosto-tranaverse  Ligament  has  two  sets  of  fibres  :  the  one  (anterior 
^^^to'transvt'rse  littament)  is  attached  to  the  crest  on  the  upper  border  of  the  neck 
^*  etch  rib,  and  passes  obliquely  upward  and  outward  to  the  lower  border  of  the 
tfansverse  process  immediately  above;  the  other  (/w>^f^/7V>r  eosto^frtfHSverse  liffa- 
fnent)  is  attached  to  the  neck  of  the  rib,  and  passes  upward  and  inward  to  the  base 
^|tbi»  irajjg verse  process  and  border  of  the  lower  articular  process  of  the  vertebra 
*^ove.  This  ligament  is  in  relation,  in  front,  with  the  intercostal  vessels  and 
^^rtes;  behind,  with  the  Longissimus  dorsi.  Its  mterital  border  cotnpletes  an 
»pmure  formed  between  it  and  the  articular  processes,  through  which  pass  the 
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posterior  branches  of  the  intercostal  vessels  and  ner^-es.  Its  extertial  border  is] 
continuous  with  a  thin  aponeurosis  which  covers  the  External  intercostal  muscle- 

The  /^Vj^j'  rib  has  no  anterior  co8to-transverse  ligjiment. 

The  Bliddle  Costo-transverse  or  Interosseous  Ligament  consists  of  short  but  I 
strong  filH'es  which  pass  between  the  nnigb  surface  im  the  posterior  part  of  thej 
neck  of  each  rib  and  the  anterior  surface  of  the  adjacent  transverse  process.     In  I 
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Fw.  236.— OoBto-tmmverBe  urticultitiun.    Seen  from  above. 


order  fully  to  expose  this  ligament,  a  horizontal  section  should  be  made  across  the 
transverse  process  and  corresponding  jiart  of  the  rib  ;  or  the  rih  may  be  forcibly 
separated  from  the  transverse  process  and  its  fibres  put  on  the  stretch. 

In  the  ehventh  and  twelfth  rih  this  ligament  is  quite  rndimentary  or 
wanting. 

The  Posterior  Co  sto- trans  verse  Ligament  is  a  short  but  thick  and  strong  fascic- 
ulus which  passes  oblirjuely  from  the  summit  of  the  transverse  process  to  the 
rough  non-articular  jiortion  of  the  tubercle  of  the  rib.  This  ligament  is  shorter 
and  more  oblii|ue  in  the  iipjjer  tlian  in  the  lower  ribs*  Those  corresponding  to 
the  superior  ribs  ascend,  while  those  of  the  inferior  ribs  descend  slightly. 

In  the  I'lei'euth  and  twelfth  riha  ihis  ligament  is  wanting. 

The  Capsular  Ligament  is  a  thin,  membranous  sac  attached  to  the  circumference 
of  the  articular  surlaces,  aud  enclosing  a  small  synovial  mcmbi^ane. 

In  the  eleventh  and  twelfth  rihK  this  ligament  is  absent. 

Actions. — The  heads,  necks,  and  tubercles  of  the  ribs  are  so  closely  connected 
to  the  bodies  and  tnujsverse  processes  of  tbe  vertebrje  that  only  a  slight  gliding 
movement  of  the  articular  surfaces  on  each  other  can  take  place  in  these  articu- 
lations. Tbe  result  of  this  gliding  movement  is  for  the  upper  mx  ribs  an  ele- 
vation of  the  front  and  middle  portion  of  the  rib,  the  hinder  part  being  pre- 
vented from  performing  any  upward  movement  by  its  close  connection  with  the 
spine.  In  this  gliding  muvetuent  ihe  rib  rotates  on  an  axis  corresponding  with 
a  line  drawn  tbrotigh  the  two  articulations,  Costo-central  and  ( Vsto-transverse^ 
which  the  rib  forms  with  the  spine.  Of  the  four  succeeding  ribs,  each  one, 
besides  rotating  on  the  above-mentioned  axis*  also  rotates  on  an  axis  corre- 
sponding with  a  line  drawn  from  the  bead  of  tbe  rib  to  the  sternum*  In  other 
words,  an  upwanl  and  imcktmrd  ifUditiij  is  permitted  between  tubercle  and  trans- 
verse process,  owing  to  the  especial  degree  of  ohh'quift/  exht'mg  between  the  corre- 
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sponding  fac^ets.     By  the  first  movement  an  elevation  of  the  anterior  part  of  the 
rib  takes  place,  and  a  consequent  enlargement  of  the  antero-posterior  diameter  of 
the  chest.     None  of  the  rib.s  lie  in 
a  truly  horizontal   jilane;   they  are 
all  directed  more  or  less  ohli<|uely, 
BO   that  their  anterior  extremities 
lie  on  a  lower  level  than  their  pos- 
terior, and  this  obliqitity  increases 
from  the  fii*st  to  the  seventh,  and 
ilien   again  deerea.ses.     If  we  ex- 
amine any  one   rib^ — say,  tliat   in 
which   there   is  the  greatest  obli<|- 
uity — we    shall    see  that   it  is  oh- 
Tions  that  as  its  sternal  extremity 
\s  carried  upward,  it  must  also  be 
thrown  forward;    so   ihat  the    rib 
may  be  regarded  as  a  radius  mov- 
ing on  the  vertebral  joint  as  a  cen- 
tre^ and  causing  the  sternal  attach- 
ment to  describe  an  arc  of  a  circle 
in  the  vertical  plane  of  the  body. 
Since  all  the  ribs  are  oblique  and 
connected  in  front  to  the  sternum 
by  the  elastic  costal  cartilages,  they 
must  have  a  tendency  to  thrust  the* 
aternum  forward,  and  so  increase 
ihe   antero-posterior    diameter   of 
the  chest.     By   the  second   move- 
ment— that  of  the  rotation  of  the 
rib  on  an  axis  corresponding  with 
a  line  drawn  from   the  hea*l  of  the 
rih  to  the  sternum — an  elevation 
of  the  middle   portion   of  the    rib 
takes  place,  and  consequently  an 
increase  in  the  transverse  diameter 
of  the    cheat.     This   elevation    of 
the  8d,  4th,  5th,  and  tJth  ribs  is 
due  entirely  to  the  shfipvs  of  the 
rib? — i.  e.  each   rib  being  bent  or 
twisted    around    thtrv    axes — and 
the  7th,  8th,   9tb,   and    10th    ribs 
^tid  to  this    movement.       The    last 
^tttd,  and    with    very   little    '*  elevation  **    of  their   middle    portions    (see    Fig. 
-37).     The  mobility  of  the  different   ribs  varies  very  much.     The  first  rib  is 
^<»re  fixed  than  the  others,  on   account  of  the  weight  of  the  upper  extremity 
^^^  the  strain  of  the  ribs  beneath  ;  but  on  the  freshly  dissected  thorax  it  moves  as 
frt^ly  as  the  others.     From  the  same  causes  the  movement  of  the  second  rib  is 
*l«o  not  very  extensive.     In   the  other   ribs  this  mobility  increases  successively 
^own  to  the  last  two,  which  are  very  movable.     The  ribs  are  generally  more 
Movable  in  the  female  than  in  the  male. 


Fio.  237.— r*iii&Tiim»  showing  the  wxls  «f  rotatioti  f>f  the 
ribs  in  the  movemenU  of  respimlioii.  The  om*  axis  of  rota- 
tion corr^poodB  with  u  line  drawn  through  the  two  iirtleu- 
lat)oiiK  which  the  rih  forms  with  the  spine  («,  6|i,  uridl  the 
other  with  n  Uiie  drawn  froai  the  head  uf  ihe  rih  to  the 
stt^rnum  ix,  b).    (From  Kkkti's  Handixmkqf  PhyHolog^,) 

not  to  this  movement  (see  above).  For 
this  elevation  is  due  both  to  their  shapes 
two    ribs  move  chiefly  backward    and   for- 


Vn.  Articulation  of  the 


Cartilages  of  the  Ribs  with  the  Stemumi 
etc.  (Fig.  2:^8). 


The  articulations  of  the  cartilages  of  the  true  ribs  with  the  sternum  are  arthro- 
«i!  joints,  with  the  exception  of  the  first,  in  which  the  cartilage  is  almost  always 
^uecily  united  with  the  sternum,  and  which  must  therefore  he  regarded  aa  a 
^ytiarthrodial  articulation.     The  liiraments  connecting  them  are — 
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Anterior  Chondro-sternaL  Interarticular  Chondro-sternal. 

Posterior  Chondro-sternal,  Anterior  Cbonclro-xiphoid. 

Capsular.  Posterior  Chonilro-xiphoid. 

The  Aniierior  diondro-stemal  Ligament  is  a  broad  and  thin  membranous  band 
that  radiates  from  the  front  of  the  inner  extremity  of  the  cartilages  of  the  true 
ribs  to  the  anterior  surface  of  the  sternum.  It  is  composed  of  tasciculi  which  pass 
in  different  directions.  The  nuperwr  fascicHfi  ascend  obliquely,  the  infftior  pmss 
ohliijuely  downward,  and  the  wiVW/t\f(fTam^H7f  horizontally-  The  siiperticial  fibres 
of  this  ligament  are  the  longest :  they  intermingle  with  the  fibres  of  the  ligaments 
above  and  below  them,  with  those  of  the  opjuisite  side,  and  with  the  tendinous 
fibres  of  origin  of  the  Pectoral  is  raajor,  forming  a  thick  fibrous  membrane  which 
covers  the  surlace  of  the  sternym.  This  is  more  distinct  at  the  lower  than  at  the 
upper  part. 

The  Posterior  Chondro- sternal  Ligament,  less  thick  and  distinct  than  the 
anterior,  is  composed  of  fibres  which  radiate  from  the  posterior  surface  of  the 
sternal  end  of  the  cartilages  of  the  true  ribs  to  the  posterior  surface  of  the  sternura, 
becoming  blended  with  the  periosteum. 

The  Capsular  Ligament  surrounds  the  joints  formed  between  the  cartilages 
of  the  true  ribs  and  the  sternum.  It  is  wry  thin,  intimately  blended  with  the 
anterior  and  posterior  ligaments,  and  strengthened  at  the  upper  and  lower  part  of 
the  articulation  by  a  few  fibres  which  pass  from  the  cartilage  to  the  side  of  the 
sternum.     These  ligaments  protect  the  synovial  membranes. 

The  Interarticular  Chondro- sternal  Ligaments.— These  are  only  found  between 
the  second  and  third  costal  cartilages  and  the  sternum.  The  cartilage  of  the 
second  rih  is  connected  with  the  steinura  by  means  of  an  interarficular  Uffament 
attached  by  one  extremity  to  the  cartilage  of  the  second  rib,  and  by  the  other 
extremity  to  the  cartilage  which  unites  the  first  and  second  pieces  of  the  sternum. 
This  articulation  is  provided  with  two  synovial  membranes.  The  cartilage  of  the 
third  rib  is  connected  with  the  sternum  by  means  of  an  interarticular  ligament 
which  is  attached  by  one  exti^emity  to  the  cartilage  of  the  third  rib,  and  by  the 
other  extremity  to  the  ]R>int  of  junction  of  the  second  ancl  third  pieces  *d*  the 
sternum.     This  articulation  i;^  provided  with  two  synovial  membranes. 

The  Anterior  Chondro-xiplioid. — This  is  a  band  of  ligamentous  fibres  which 
connects  the  anterior  surface  of  the  seventh  costal  cartilage,  and  occasionally  also 
that  of  the  sixth,  to  the  anterior  surface  of  the  ensiform  appendix*  It  varies  in 
length  and  breadth  in  different  subjects. 

The  Posterior  Chondro-iiphoid  is  a  similar  band  of  fibres  on  the  internal  or 
posterior  surface,  though  less  thick  and  distitict. 

Synovial  Membranes. — There  is  no  synovial  membrane  between  the  first  costal 
cartilage  and  the  sternum,  as  this  cartilage  is  directly  continuous  with  the  sternum. 
There  are  two  synovial  membranes,  both  in  the  articulation  of  the  second  and  third 
costal  cartilages  to  the  sternum.  There  is  generally  one  synovial  membrane  in  each 
of  the  joints  between  the  fnurth,  fifth,  sixth,  and  seventh  costal  cartilages  to  the 
sternum;  but  it  is  sometimes  absent  in  the  sixth  and  seventh  chondro*9ternal 
joints.  Thus  there  are  ekjht  synovial  cavities  on  each  side  in  the  articulations 
between  the  costal  cartilages  of  the  true  ribs  and  the  sternum.  After  middle  life 
the  articular  surfaces  lose  their  polish,  become  roughened,  and  the  synovial 
membranes  appear  to  be  wanting.  In  old  age  the  articulations  do  not  exist,  the 
cartilages  of  most  of  the  ribs  becoming  continuous  with  the  sternum. 

Actions. — ^Tbe  movements  which  are  permitted  in  the  chondro-sternal  articn* 
lations  are  limited  to  elevation  and  depression,  and  these  only  to  a  slight  extent. 
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Articulatioiis  of  the  Cartilag:es  of  the  Eibs  with  each  other 

(Interchoncffal)  (Fig,  2:j8). 

The  contiguous  borders  of  the  sixth,  seventh,  and  eighth ,  and  sometimes  the 
ninth   and  tenth,  costal  cartilages  articulate  with  each  other  by  small,  smooth* 
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VIII,  Ligaments  of  the  Sternum. 

The  first  ]»iece  r»f  x\\v  stt^inum  is  uiiiteil  to  thu  ^second  either  by  an  amphi- 
arthrodial  jijint— a  single  |>ieee  ef  true  fihruHai  tilage  uniting  the  se|;ments — or 
by  a  diarthrodtal  joint,  in  which  each  bone  is  elofhed  with  a  distinet  himina  of 
cartilage,  adlierent  on  one  side,  tree  and  lined  with  synovial  niemhrane  on  the 
other.  In  the  latter  case  the  cartilage  covering  the  ghidiohis  is  continued  without 
interruption  on  to  the  cartilages  of  the  second  ribs.  Mr,  Rivingtr»n  has  found  the 
diarthrodial  form  of  joint  in  about  one-third  of  the  specimens  examined  by  him; 
Mr,  Maisonneuvo  more  freijuently.  It  appears  to  he  rare  in  childhood,  and  is 
formed,  in  Mr,  Kivington's  opinion,  from  the  amphiarthrodial  form  by  absorption. 
The  diarthrodial  joint  seems  to  have  no  tendency  to  ossify  at  any  age,  while  the 
araphiarthrodial  m  more  liable  to  do  so,  and  has  been  found  ossified  as  early  as 
thirty-four  years  of  age.     The  two  segments  are  further  connected  by  an 

Anterior  Intersternal  Ligament  and  a 
Posterior  Intersternal  Ligament. 

The  Anterior  Intersternal  Ligament  consists  of  a  layer  of  fibres,  having  a 
longitudinal  ilirectirui ;  it  blends  with  the  fibres  of  the  anterior  chondn>sternal 
ligaments  on  both  sides,  and  with  the  tendinous  fibres  of  origin  of  the  Pectoral  is 
major.     This  ligament  is  rough,  irregular,  and  much  thicker  below  than  above. 

The  Posterior  Intersternal  Ligament  is  disposed  in  a  somewhat  similar 
manner  on  the  posterior  surface  of  the  articulatifm. 

IX.  Articulation  of  the  Pelvis  with  the  Spine, 

The  ligaments  connecting  the  last  lumbar  vertebra  with  the  sacrura  are  similar 
|o  those  which  connect  the  segments  of  the  spine  with  each  other—viz ;  1.  The 
-^ntinualion  downward  of  the  anterior  and  posterior  commim  ligaments.  2.  The 
intervertebral  substance  connecting  the  flattened  oval  surfaces  of  the  two  bones 
and  forming  an  amphiarthrodial  joint.  3,  Ligamenta  subtlava,  connecting  the 
arch  of  the  last  bimbar  vertebra  with  the  posterior  border  of  the  sacral  canaL 
4.  Capsular  ligaments  connecting  the  articulating  processes  and  forming  a  double 
arthrodia,    5.  Inter-  and  supraspimuis  ligaments. 

The  two  proper  ligaments  connecting  the  pelvis  with  the  spine  are  the  hnnbo- 
sacral  and  ilio-bimbar. 

The  L  umbo -sacral  Ligament  (Fig,  239)  is  a  shc»rt,  thick,  triangular  fasciculus, 
which  is  nuiuected  above  to  the  lower  and  front  part  of  the  transverse  process 
of  the  last  lumbar  vertebra*  passes  obliquely  outward,  and  is  attached  below  to 
the  lateral  surface  of  the  base  of  the  sacrum,  becoming  blended  with  the  anterior 
sacro-iliac  ligament.  This  ligament  is  in  relation,  in  front,  with  the  Psoas 
muscle  J  and  represents  the  anterior  coMto^ranm'eme  li(^ttment. 

The  nio-lumbar  Ligament  (Fig.  239)  ]>asse3  horizontally  outward  from  the 
apex  of  the  transverse  process  of  the  la^t  lumbar  vertebra  to  the  crest  of  the  ilium 
immediately  in  front  of  the  sacro-iliac  articulation.  It  is  tjf  a  triangular  form, 
thick  and  narrow  internally,  broad  and  thinner  externally.  It  is  in  relation,  in 
front,  with  the  Psoas  muscle;  behind,  with  the  museles  occupying  the  vertebral 
groove;  above,  with  the  Qiiadratus  lunihorum. 

X.  Articulations  of  the  Felyis. 

The  ligaments  connecting  the  bones  of  the  pelvis  with  each  other  may  be 
divided  into  four  groups :  L  Those  connecting  the  sacrum  and  ilium.  2.  Those 
passing  between  the  sacrum  and  ischium.  3.  Those  connecting  the  sacrum  and 
coccyx,     4.  Those  between  the  two  pubic  bones. 

1.    Articulations  of  the  Sacrum  and  Ilium* 

The  sacro-iliac    articulation   is  formed  between  the   lateral    surfaces  of 
sacrum  and  ilium.      The  anterior  or  auricuhir  portion  of  each  articular  sui 
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is  covered  with  a  tliiu  plate  of  cartilage,  thicker  od  the  sacrum  than  on  the 
ilium.  The  surfaces  of  these  cartilages  are  usual Ij  in  close  contact,  but  not 
united.  Sometimes  fine  fibres  are  found  running  between  portions  of  these  sur- 
faces* which  in  other  eases  may  be,  in  the  adult,  rough  and  irregular,  and  sepa* 
rateti  from  oue  another  by  spaces  containing  svnovial-like  Ouid.  The  ligaments 
connecting  these  surfaces  are  the  anterior  and  posterior  sacro-iliac. 

The   Anterior   Sacro-iliac   Iiigament   (Fig.    239)   consists   of    numerous   thin 
ligamentous  band^  which  connect  the  anterior  surfaces  of  the  sacrum  and  ilium. 
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Femur, 
Fio.  'i3V,— Anuiiltttioiis  of  pelvis  aud  hip.    Anterior  view. 

The  PaBterior  Sacro-lliiic  (Fig.  240)  is  a  strong  interosseous  ligament,  situated 
in  a  deep  depression  between  the  sacrum  and  ilium  behind,  and  forming  the  chief 
Wjd  of  connection  between  those  bunes.  It  consists  of  numerous  strong  fasciculi 
which  pass  between  the  linnes  in  various  directions.  Three  of  these  are  of  large 
iize:  the  (wo  saperior,  nearly  borizontid  in  direction,  arise  from  the  first  and 
second  transverse  tubercles  on  the  posterior  surface  of  the  sacrum,  and  are  inserted 
into  the  rough,  uneven  surface  at  the  posterior  part  of  the  inner  surface  of  the 
ilium.  The  third  fasciculus,  oblique  in  direction,  is  attached  by  one  extremity  to 
the  third  transverse  tubercle  on  the  posterior  surface  of  the  sacrum,  and  bv  the 
other  to  the  posterior  superior  spine  of  the  ilium ;  it  is  sometimes  called  the 
Miifue  sacro-iliac  Ityamttit. 

The  position  of  the  sacro-iliac  joint  is  indicated  by  the  posterior  superior  spine  of  the  ilium. 
This  process  is  immediately  behind  the  centre  of  the  artieuklion. 

2,    LiQAMENTS    PASSING    BETWEEN    THE    SaCRUM    AND    ISCHIUM    (Fig,  240). 

The  Great  Sacro-sciatic  (Posterior). 
The  Lesser  Sacrosciatic  (Anterior), 

The  Great  or  Posterior  Sacro-sciatic  Ligament  is  situated  at  the  lower  and 
ack  part  of  the  pelvis.     It  is  thin,  liai,  and  trianirular  in  form  ;  narrower  in  the 
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niirldle  than  at  the  extremities ;  attached  by  its  broad  base  to  the  posterior  inferior 
spine  of  the  ilium,  to  the  fourth  aud  fifth  transverse  tubercles  of  the  sacrum,  and 
to  the  lower  part  of  the  lateral  margin  of  that  bone  and  the  eocc3^x.  Passing 
obliquely  downward,  outward,  and  f<»r\vard,  it  becomes  narrow  and  thick,  and 
at  its  insertion  into  the  inner  margin  nf  the  tuberosity  of  the  ischium  it  increases 
in  breadth,  and  is  prohmged  forward  along  the  inner  margin  of  the  ramus,  forming 
what  is  known  as  ihQ  faletffwm  Htjamnff,  The  free  concave  edge  of  this  prolonga- 
tion has  attached  to  it  the  obturator  fascia,  with  which  it  foi*ms  a  kind  of  groove, 
protecting  the  internal  pudic  vessels  and  nerve.  One  of  its  surfoces  is  turned 
toward  the  perinteum,  the  other  toward  the  Obturator  internus  muscle. 

The  pimierior  mtrfitre  of  this  ligament  gives  origin,  by  its  whole  extent,  to  fibres 
of  the  Gluteus  maximus*     Its  anteriur  surface    is  united  to  the  lesser  sacro-sciatic 
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Fio.  340.— Ajlk'alttlfoQs  of  |>elvis  and  hip.    Posleriur  view, 

ligament.  Its  external  border  forms,  above,  the  posterior  boundary  of  the  great 
aacro-sciatic  foramen,  and,  below,  the  lower  boundary  of  the  lesser  sacro-sciatic 
foramen.  Its  hwer  border  forms  jjurt  of  the  boundary  of  the  perinieum.  It  is 
pierced  by  the  coccygeal  branch  of  the  sciatic  artery  and  coccygeal  nerve. 

The  Lesser  or  Anterior  Sacro-sciatic  Ligament,  much  shorter  and  @ mailer 
than  the  preceding,  is  thin»  triangular  in  f  oiu,  attached  by  its  apex  to  the  spine 
of  the  ischium,  and  internally,  by  its  broad  base^  to  the  lateral  margin  of  the 
sacrum  and  coccyx,  anterior  to  the  attachment  of  the  great  sacro-sciatic  ligament, 
with  which  its  fibres  are  intermingled. 

It  is  in  relation,  untertorh/,  with  the  Coccygeus  muscle;  posferiorln,  it  is  covered 
by  the  great  sacro-sciatic  ligament  and  crossed  by  tbe  internal  pudic  vessels  and 
nerve.  Its  superior  border  forms  the  lower  boundary  of  the  great  sacro-sciatic 
foramen;  its  inferior  harder,  part  of  the  lesser  sacro-sciatic  foramen. 

These  two  ligaments  convert  the  sacro-sciatic  notches  into  foramina.  The 
guperior  or  ffreat  sacro-sciatic  foramen   is  bounded,  in  front  and  above,  by   th© 
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posterior  liurder  of  the  os  innominatum  ;  bebind,  by  the  great  sacro-sciatic  ligament ; 
and  below,  by  the  lesser  sacro'sciiitie  ligament.  It  is  partially  filled  up,  in  the 
recent  state,  by  the  Pyritormis  iiiiisde,  which  psiHses  tb rough  it.  Above  this  muscle 
the  gluteal  vessels  and  superior  gluteal  nerve  emerge  from  the  pelvis,  and,  below 
it,  tlie  sciatic  vessels  and  nerves,  the  internal  pwdic  vessels  and  nerve,  and  muscular 
branches  from  the  sacral  plexus.  The  inferior  or  lesser  sacro-sciatic  foramen  is 
bounded,  in  front,  hy  the  tuber  ischii ;  above,  by  the  spine  and  lesser  sacro-sciatic 
ligament ;  behind,  by  the  greater  sacro-sciatic  ligament.  It  transmits  the  tendon 
of  the  Obturator  iuternus  muscle,  its  nerve,  nnd  the  internal  pudic  vessels  and 
nerve. 

3.  Articulation  of  the  Sacrum  and  Coccyx, 

This  articulation  is  an  arthrodial  joint,  and  is  formed  between  the  oval  sur- 
face at  the  apex  of  the  sacnim  and  the  base  of  the  coccyx*  It  is  connected  by 
the  following  ligaments ; 

Interarticular. 
Anterior  Sacro-coccygeal.  Lateral  Sacro-coccygeal. 

Posterior  Sacro-coccygeal.  Interposed  Fihro-cartilage. 


The  Interarticular  Ligameots  connect  the  cornua  of  the  two  hones. 

The  Anterior  Sacro-coccygeal  Ligament  consists  of  a  few  irregular  fibres  which 
descend  from  the  anterior  surfiice  of  the  sacrum  to  the  front  of  the  coccyx,  becom- 
ing blended  with  the  periosteum. 

The  Posterior  Sacro-coccygeal  Ligaments  are  the  superJiciaJ  and  the  deep.  The 
superficial  is  a  flat  band  of  ligamentous  fibres,  of  a  |>early  tint,  which  arises  from 
the  margin  of  the  lowur  orifice  of  the  sacral  canal  and  descends  to  be  inserted 
into  the  posterior  surface  of  the  coccyx.  Tbis  ligament  completes  the  lower  and 
back  part  of  the  sacral  cunaL  The  deep  consists  of  a  few  fibres,  which  descend 
to  the  coccyx  from  that  part  of  the  sacrum  which  forms  the  anterior  wall  of  the 
lower  part  of  tbe  sucral  canal.      Its  lower  end  blends  witli  the  preceding. 

The  Lateral  Sacro-coccygeal  Ligaments  are  ligamentous  bands,  each  of  which 
passes  from  tbe  inferior  lateral  angle  of  tbe  sacrum  to  the  transverse  process  of 
the  first  piece  of  the  euccyx. 

A  Pihro-cartilage  is  interposed  between  the  contiguous  surfaces  of  the  sacrum 
and  coccyx.  It  is  somewhat  thicker  in  front  and  bebind  than  at  the  sides.  Occa- 
sionally, a  synovial  membnui*^  is  found  when  the  coccvx  is  freely  movable,  which 
IS  more  especially  tbe  case  during  pregnancy. 

The  different  segments  of  the  coccyx  are  connected  together  by  an  extension 
downward  of  the  anterior  and  posterior  sacro-coccygeal  ligaments,  a  thin  annular 
disk  of  fi bro-eartilage  being  interposed  between  each  of  the  bones.  In  the  adult 
male  all  the  pieces  becf^ne  ossified,  but  in  the  female  this  does  not  commonly 
occur  until  a  later  period  of  life,  Tbe  sejmrate  segments  of  the  coccyx  are  first 
united,  and  at  a  more  advanced  age  the  joint  between  the  sacrum  and  coccyx  is 
obliterated. 

Actions. — The  movements  which  take  place  between  the  sacrum  and  coccyx, 
and  between  the  different  pieces  of  the  latter  bone*  are  slightly  forward  and 
backward;  they  are  very  limited.     Their  extent  increases  during  pregnancy. 
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4.    ARTICrLATION    OF   TOE    OSSA    PlTQIS    (Fig.  241). 

The  articulation  between  the  pubic  bones  is  an  am[>hiarthrodial  joint,  formed 
by  the  junction  of  rhe  two  oval  articular  surfaces  of  the  ossa  pubis.  The  articular 
surface  has  been  described  on  a  former  page  under  the  name  of  upmphi/sis,  and  the 
same  name  is  given  to  the  joint.     The  ligaments  of  this  articulation  are  the 

Anterior  Pubic.  Posterior  Pubic. 

Superior  Pubic.  Subpubic. 

Interpubic  disk. 


340 


THE  ARTICULATIONS, 


Uyidinr  camlagr  cmenng  bone. 
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The  Anterior  Pubic  Ligameiit  consists  of  several  siiperiinposetl  layers  which 
pass  across  the  front  of  the  articulatioii.     The  superfieiul   fibres  pass  ohli^jiiely 

from  one  bone  to  the  other,  decussating 
and  forming  an  ititerlaeeraent  with  the 
fibres  of  die  aponetirosis  of  the  Ex- 
tennil  abliipie  and  the  tendon  of  the 
Rectus  muscles.  The  ileep  fibres  pass 
transversely  across  the  symphysis,  and 
are  blended  with  the  filini-eartilage. 

The  Posterior  Pubic  Ligament  con- 
sists of  a  few  thin,  seattered  fibres 
which  unite  the  two  pubic  bones  |K)S- 
teriorly. 

The  Superior  Pubic  Ligament  is  a 
bimd  nf  fibres  which  connects  together 
the  two  pubic  bones  sujieriorly. 

The  Subpubic  Ligament  is  a  thick, 
triangular  arch  of  ligamentous  fibres, 
connecting  together  the  two  ]>ubic 
bones  below  and  forming  the  u|>per 
boundary  of  the  pubic  arch.  Above, 
it  is  blended  with  the  interartieuhir 
fibro-cartilage;  laterallv  it  is  united  with  the  rami  of  the  os  pubis.  Its  fibres  are 
closely  eounected  and  have  an  arched  direction. 

The  luterpubic  Disk  consists  of  a  disk  of  cartilage  and  fibro-cartilage  con- 
necting the  surfaces  of  the  pubic  bones  in  front.  Each  pubic  symphysis  is  covered 
by  a  thin  layer  of  hyaline  cartilage  which  is  firmly  connected  to  the  bone  by 
a  series  of  nipple*like  processes  which  accurately  fit  witliin  corresponding  dejires- 
sions  on  tlie  osseous  surfaces.  These  opposed  cartiluginous  surfaces  arc  cnnnected 
together  by  an  intermediate  stratum  of  fibruiis  tissue  and  filjro-cartilage  wliich 
varies  in  thickness  in  diftejent  subjects.  It  often  contains  a  cavity  in  its  centre, 
probably  formed  by  the  softening  and  absorption  of  the  fibro-cartilage,  since  it 
rarely  appears  before  the  tenth  year  of  life,  and  is  not  lined  by  synovial  membrane. 
It  is  larger  in  the  female  than  in  the  male,  but  it  is  very  ,qiiestinnable  whether  it 
enlarges,  as  was  formerly  su])])osed,  during  })regnancy.  It  is  most  fretjuently 
HtDited  to  the  Jijiper  and  back  jrart  of  the  joint,  but  it  occasionally  reaches  to  the 
front,  and  may  extend  the  entire  length  of  the  cartilage.  This  cavity  raay  be 
easily  demonstrated  by  making  a  vertical  section  of  the  symphysis  pubis  near  its 
posterior  surface. 

The  Obturator  Ligament  is  more  properly  regarded  as  analogous  to  the 
muscular  fasciie,  with   which  it  will  be  described. 


Ficj.  241.— Vertical  sepilon  of  the  symphisis  putiis. 
Minle  near  Ita  postotitr  surfact*. 


ARTICULATIONS  OF  THE  TIPPER  EXTREMITY. 

The  articulations  of  the  nppcr  extremity  imiy  be  arranged  in  the  following 
grnups:  L  Sterno-clavicular  articulation.  IL  Acromio-clavicular  articulation. 
III.  Ligaments  of  the  Scapula.  IV.  Shoulder-joint.  V.  Elbow -joint.  VI. 
Hiidio-ylnar  articulations.     VII.   Wrist-joint.     VIII.   A 


Kihlio-yinar  articulatmns.      Vli.    V\  nst-jr 
Bnnes.     IX.   Carfio-metacarpal  articidations. 
tiuns.     XL  Articulations  uf  ihe  Phalani^es. 


Articulations  of  the  Carpal 
X.  Metacarpo- phalangeal  articula- 


I.  Sterao-clavicular  Articulation  (Fig.  242). 

The  Stemo- clavicular  is  regarded  by  mnst  anatomists  as  an  arthrodial  joint, 
but  Cruveilhier  consiclers  it  to  be  an  articulation  by  reei|*rocal  reception.  Probably 
the  former  o[tinion  is  the  correct  one,  the  varied  movement  which  the  juint 
enjoys  being  due  to  the  interposition  of  an  interarticular  fibro-cartilage  betweett 
the  joint  surfaces.      The  parts  entering  into  its  formation  are  the  sternal  end  of  the 
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clavicle,  the  upper  ami  lateral  part  of  the  first  piece  of  the  sternum,  and  the 
cartilage  of  the  first  rib*     The  urticular  surface  nf  the  clavicle  is  much  larger  than 
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FiQ.  242.— 9tcmo-clttviculor  artieulHyon.    AnteriDr  view. 
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e  sternum,  anu  invested  with  a  layer  ot  cartilage  *  wnicti  is  consu 
thicker  than  that  on  the  latter  bone.     The  ligaments  of  this  joint  are  the 

Anterior  Sterno-clavicular,  Interclavicular, 

Posterior  Sterno-clavicular.  Costo-clavicular  (rhomboid). 

Interarticiilar  Fibro-cartilage, 

The  Anterior  Stemo-clavicular  Ligament  is  a  broad  hand  of  fibres  w^hich 
covers  the  anterif>r  siiifaee  of  the  sirticolatiim,  being  attached,  above,  to  the  upper 
and  fronf  part  of  the  inner  extremity  of  the  clavicle,  and,  passing  obliquely 
downward  and  inward,  is  attaelied,  below,  to  the  upper  and  front  part  of  the  first 
piece  of  the  sternum.  This  liframent  is  covered,  in  front,  by  the  Hternal  portion  of 
the  8terno*cleido-mastoid  and  the  integument;  bebimb  it  is  in  relation  with  the 
interartii'idar  libro-cartila^e  and  the  two  synovial  niemhranes, 

The  Posterior  Stemo-clavicular  Ligament  is  a  similar  bund  of  fibres  which 
covers  tbe  posterior  surface  of  tbe  artieuhition,  being  attached,  above,  to  the  upper 
and  back  part  of  the  inner  extremity  of  the  clavicle,  and,  passing  obliquely 
downward  and  inward,  is  attached,  below,  to  the  upper  and  back  part  of  the  first 
piece  of  tbe  sternum.  It  is  in  relation,  in  front,  with  the  interarticular  fihro- 
cartilage  and  synovia!  membranes;  behind,  with  the  8terno-hyoid  and  Sterno- 
thyroid muscles. 

Tbe  Interclavicular  Ligament  is  a  flattened  bund  which  varies  considerably 
in  form  and  size  in  different  individuals;  it  passes  in  a  curved  direction  from  tbe 
upper  part  of  the  inner  extremity  «»f  one  clavicle  to  the  other,  and  is  closely 
attached  to  tbe  npper  margin  of  tbe  sternum.  It  is  in  relation,  in  front,  with  the 
integument;   l>ebind,  with  the  8terno*tbyr<Hd  muscles. 

The  Costo-clavicular  Ligament  (rliomhoid)  is  sbort,  flat,  and  strong :  it  is  of 
a  rbomboid  form,  uttacbeil,  below,  to  tbe  upper  and  inner  p«rt  of  the  cartilage  of 
the  first  rib:  it  ascends  obliquely  backward  and  outward,  and  is  attached,  above, 
to  the  rhomboid  depression  on  the  under  surface  of  the  clavicle.  It  is  in  relation, 
in  front,  with  the  tendon  of  origin  of  tbe  Siibclavius  ;  behind,  with  the  subclavian 
vein. 

The  Interarticular  Fibro- cartilage  is  a  liar  and  nearly  circidar  disk,  interposed 
between   the  articubiting  surfaces  of  the  sternum   and   clavicle.     It   is  attached, 

*  According  to  Bruch^  the  sternal  end  of  the  clavicle  is  covered  by  a  Uissue  which  is  rather 
fibroos  than  curtihtginous  in  Mructure. 
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above,  to  the  upper  and  posterior  border  of  the  articular  surface  of  the  clavicle ; 
below,  to  the  cartilage  of  the  first  rib.  at  its  junction  with  the  steniuiii ;  and  by 
its  circunifereMce,  to  the  anterior  and  posterior  sterno-clavicuhir  and  interclavicular 
li;raments.  It  is  thicker  at  the  circumference,  especially  its  upper  and  hack  |iart, 
than  at  its  centre  or  helow.  It  dtvide?i  the  joint  into  two  cavities,  each  of  which  is 
furnished  with  a  separate  symn  ia!  niemhnme. 

Of  the  two  Synovial  Membranes  found  in  this  articuhition.  one  is  reflected 
from  the  sternal  end  of  the  chi vide  over  the  adjacent  surface  of  the  fibro-cartila^e 
and  cartila;;e  of  tlie  firsf  rib  :  the  other  is  placed  between  the  articular  surface  of 
the  sternum  and  atljacent  surface  of  the  fibro-cartilage  ;  the  latter  is  the  larger  of 
the  two.     They  sehloni  contain  much  synovia. 

Actions. — This  articulation  is  the  centre  of  the  movements  of  the  shoulder,  and 
admits  of  a  limited  anifumt  of  motion  in  nearly  every  direction— upward,  down- 
ward, hackwanl,  forward— as  well  as  circumduction.  When  these  movements 
take  filace  in  the  joint,  the  clavicle  in  its  motion  carries  the  scajtida  with  it,  this 
bone  gliding  on  the  outer  surface  of  the  chest.  This  joint  the  re  fore  forms  the 
centre  from  which  all  movements  of  the  supporting  urch  of  the  shonlder  t>riginate, 
and  is  the  only  point  of  articulation  of  this  part  of  the  skeleton  with  the  trunk. 
*^  The  movements  attendant  on  elevation  and  depression  of  the  shoulder  take  place 
between  the  t-lavicle  and  the  intcrarticufar  fibro-cartihige,  the  bone  rotating  n|ion 
the  ligament  on  an  axis  drawn  from  before  backward  tbro?igh  its  **wn  articular 
tacet.  When  the  shoulder  is  moved  forward  and  backwar<L  the  clavicle,  with 
the  interarticular  fibro-cartilage,  rolls  to  and  fro  on  the  articular  surface  of  the 
stern ntu,  revolving,  with  a  sliding  movement,  round  an  axis  drawn  nearly  vertically 
through  the  sternum.  In  the  circumduction  of  the  shoulder,  which  is  eompoundetl 
of  these  two  movements,  the  clavicle  revolves  upon  the  interarticular  fibro-cartilage, 
and  the  latter,  with  the  clavicle,  rolls  rijion  the  sternum.  '  '  ElevatifUi  <»f  the  clavicle 
is  principally  limited  by  the  costo-clavicular  ligament ;  de[tression,  by  the  inter- 
clavicular. The  muscles  which  rnimj  the  clavicle,  as  in  shrugging  the  shoulders, 
are  the  upper  fibres  of  the  Trapezius,  the  Levator  anguli  scaimhi^,  the  clavicular 
head  of  the  8terno-mastoid,  assisted  to  a  certain  extent  by  the  two  Rhomboids, 
which  juill  the  inferior  angle  of  the  Scajjula  liackvsard  and  upward,  and  so  raise 
the  clavicle.  The  tiep/rtttiiofi  of  the  clavicle  is  principally  efiVt-ted  by  gravity, 
assisted  by  the  8nhclavius,  Pectoralis  minru\  and  lower  fibres  of  the  Trapc/ius. 
It  is  drawn  htfrkwanf  by  the  Rhiunboids  and  the  middle  and  lower  fibres  of  the 
Trapezius^  and  forward  by  the  Serratus  magnus  and  Pectoialis  minor. 

Surface  Form. — The  this iti(»n  of  the  sterrio-clavitnilar  joint  may  be  easily  ascertained  by  feel- 
ing 1 1  icy  nlari^^ed  sternal  etui  of  thi^  culliir-lKme  just  external  to  the  lonjL',  t'orrl  like,  steniai  origin 
at' the  Sternu-uiasloid  musele.  If  this  nuLHt"le  is  relaxed  by  bending  the  hend  fnrwiird,  a  depres- 
sion just  inleruiil  to  the  end  of  the  elaviele.  and  Wtween  it  iiiid  the  steruuni.  run  be  R^k,  indiea- 
ling  the  exac^t  position  of  the  joint,  which  is  Bubcutaneous,  When  tire  ami  han^s  hy  the  side, 
the  eavity  of  the  joint  is  V-shaped,  If  the  arm  is  raised^  tlie  hones  bceome  more  closely  approx- 
imated»  and  tlu^  eavity  heeiaues  a  mere  sht. 

Surgical  Anatomy, ^'he  strenirth  of  this  joint  mainly  dei:>ends  \i\um  its  ligaments,  and 
it  is  to  thi>,  and  to  the  faet  that  the  force  of  the  bluw  is  generidly  transmitted  along  the 
long  axis  ot"  the  elaviele,  that  dishieatiou  rarely  nc(!un?,  and  tluit  the  Iwne  is  generally  broken 
nitlier  than  ihsplaeed.  When  disloeation  does  txKnir.  the  eoui-se  which  the  dis]ilaeed  bn^ne  takes 
depends  more  u{>on  the  direetiun  in  whieh  the  violence  is  applied  than  unon  the  tojatoniiad 
construct i«»n  uf  the  joint  i  it  may  Iw  either  forward,  baekward.  or  npwapi  The  ehief  i>oint 
woUhy  of  ntjte.  as  regards  the  eouHtrnction  of  the  joint,  in  regard  to  disk«*ationa,  is  the  fact 
that,  owintf  to  the  shape  of  the  articular  surfaces  l>eing  su  little  adapted  to  eaeh  uther,  and 
that  the  litn^ngth  of  the  joint  mainly  denencis  apon  the  ligaments,  the  disjdaeemcnt  when 
reduced  is  ver>'  liable  to  recur,  and  hence  it  is  extremely  difficult  to  keep  the  end  of  the  bone  in  its 
proper  place. 

n.  Acromio -clavicular  Articulation  (Fig.  243). 

The  AcromiO'Clavicular  is  an  arthri*dial  joint  formed  1>etween  the  outer 
extremity  of  the  elavide  and  the  iipjier  edge  of  the  aer*union  process  of  the 
scapula.     Its  ligatnents  are  the 

*  Humphry,  On  the  Hmtum  SktUinn^  p,  402* 
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Superior  Acromio-clavicular. 
Inferior  AcroiDi*i-clavicukr. 
Interartictilar  Fibni-cartilaije. 


(  Trapezoid 
Coraco-clavJCular<        and 
(  Conoid. 


The  Superior  Acromio -clavicular  Ligament  is  a  broad  band,  of  a  quadrilateral 
form,  which  covers  the  superior  part  of  the  articulation,  extendiug  between  the 
upper  part  of  the  outer  eutl  of  the  clavicle  and  the  adjoin iog  part  of  the  upper 
surface  of  the  acromion.  It  is  composed  of  parallel  fibres  which  interlace  with 
the  aponeurosis  of  the  Tra]*ezitis  and  Deltoid  muscles ;  below,  it  is  in  contact  with 
the  interarticular  fibro-cartilage  (when  it  exists)  and  the  synovial  membranes. 

The  Inferior  AcromiQ* clavicular  Ligament,  s^unewhat  thinner  than  the  ])re- 
cediDg,  covers  the  under  part  of  the  articulation,  and  is  attached  to  the  adjoining 
surfaces  of  the  two  bones.  It  is  in  relation,  above,  with  the  synovial  membranes, 
and  in  rare  cases  with  the  interarticular  fibro-cartilage;  below,  with  the  tendon 
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Tm,  SiS.— The  left  Bboulder- joint.  Bcapulo-clavlcaliir  articuIatioiiK.  and  proper  ligameutfl  of  icftpula. 

of  the  Supraspinatus.  These  two  ligaments  are  continuous  with  each  other  in 
front  and  behind,  and  form  a  complete  capsule  round  the  joint. 

The  Interarticular  Fibro-cartilage  is  frequently  absent  in  this  artienlation- 
When  it  exists  it  generally  only  ]>artially  separates  the  articular  surfaces,  and 
occupies  the  upper  part  of  the  articulation.  More  rarely  it  completely  separates 
the  joint  into  two  cavities. 

The  Synovial  Membrane. ^ — There  is  usually  *mly  one  synovial  membrane  in 
this  articulation,  but  when  a  couipleie  interarticular  fibro-cartilage  exists  there  are 
two  synovia!  membranes. 

The  Coraco- clavicular  Ligament  serves  to  connect  the  clavicle  with  thecoracoid 
process  of  the  scapula.  It  dot.*s  not  ]jroperly  belong  to  this  articulation,  but  as  it 
forms  a  most  efficient  means  in  retaining  the  clavicle  in  contact  with  the  acromial 
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process,  it  is  usually  described  witk  it.  It  consists  of  two  fasciculi,  called  the 
trapezoid  and  conoid  ligaments. 

The  Trapezoid  Litpiment,  the  anterior  and  external  fasciculus,  is  broad,  thin, 
and  i|oadrilateral ;  it  is  phiced  oblifjuely  between  the  coracoid  process  and  the 
clavicle*  It  is  attached,  below,  to  the  upper  surface  of  the  coracoid  process; 
above,  to  the  oblique  line  on  the  under  surface  of  the  clavicle.  Its  anterior  border 
is  free;  its  posterior  border  is  joined  with  the  conoid  ligament,  the  two  forming 
by  their  junction  a  projecting  angle. 

The  Cojioid  Ligament,  the  posterior  and  internal  fasciculus,  is  a  dense  band  of 
fibres,  conical  in  form,  the  base  being  turned  upward,  the  summit  downward.  It 
is  attached  by  its  apex  to  a  rough  im  fires  si  on  at  the  base  of  tbe  coracoid  process, 
internal  to  the  preceding :  above,  by  its  expanded  base,  to  tbe  cunoiil  tubercle  on 
the  under  surface  of  the  clavicle,  and  to  a  line  proceeding  internally  from  it  for 
half  an  inch.  These  ligaments  are  in  relation,  in  front,  with  the  Subclavius  and 
Deltoid  ;  behind,  with  tlie  Trapezius.  Tbey  serve  to  limit  rotation  of  the  scapula, 
the  Trapezoid  limiting  rotation  forward,  and  the  Conoid  backward, 

ActioES* — The  movements  of  this  artieidation  are  of  two  kin<ls  :  1.  A  gliding 
motion  of  the  articular  end  of  the  clavicle  on  the  acromion,  2-  Kotatirui  of  the 
scapula  ff>rward  an<l  backward  upon  the  clavicle,  the  extent  of  this  rotation  being 
limited  by  the  two  portions  of  the  coraco-clavicular  ligament. 

The  acromio-clavicular  joint  has  important  functions  in  the  movements  of  the 
upper  extremity.  It  has  been  well  fiointed  out  by  Sir  George  Humphry  that  if  there 
had  been  no  joint  between  the  clavicle  and  scapula  the  circular  movement  of  the 
scapula  on  the  ribs  (as  in  throwing  both  shoulders  backward  or  forward)  would 
have  been  attended  with  a  greater  alteration  in  the  direction  of  the  shituhler  than  is 
consistent  with  the  free  use  of  the  arm  in  stich  position,  and  it  would  have  been 
impossible  to  give  a  blow  straight  forward  with  the  full  force  of  tbe  arm  ;  that  is  to 
say,  with  the  combined  force  of  tbe  scapuhi,  arm.  and  fi>rearm»  '' This  joint/'  as 
he  happily  says,  '*  is  so  adjusted  as  to  enable  either  bone  to  turn  in  a  hinge-like 
manner  ujion  a  vertical  axis  drawn  through  the  other,  and  it  permits  the  surfaces 
of  the  scapula,  like  the  baskets  in  a  roundabout  swing,  to  look  the  same  way  in 
every  position  or  nearly  so.'*  Again,  when  the  whole  arch  formed  by  the  clavicle 
and  scapula  rises  and  falls  (in  elevation  ur  depression  of  the  ?ih(uilders),  the  joint 
between  these  two  bones  enables  the  scapula  still  to  maintain  its  lower  part  in 
contact  with  the  ribs. 

Surface  Form. — The  pnsitittn  nf  the  acroinlo-elavfcular  joint  can  pLnierally  be  ascertained  bj 
the  sh^'htly  enlarged  oxireaiity  of  the  outer  end  of  the  elavicle,  which  e^mses  it  to  j>mject  above 
the  level  i>f  the  auromiim  process  of  the  et'ai>ula.  8(imetinje8  this  eniargeuifnt  is  m  eonsideniblt 
as  to  fonn  a  rounded  euiinenoe,  which  i»  easily  to  be  telt.  The  joint  lies  in  the  plane  of  a  ver- 
tical line  piLssintf  uji  the  miilille  of  the  front  of  the  anu. 

I  Surgical  Anatomy. — OwiriL-^  to  the  iikntiug  shape  of  the  artieuLir  surfjices  of  this  joint, 
diBlocBtioii  L'lVDL'mlly  (At-iirs  downwarr! ;  that  is  to  say,  the  acromion  proeei*!?  of  the  s<'ai>ala  is 
dislocated  uuder  the  outer  end  of  the  elaviele;  but  »ii^kH*at ions  in  the  opposite  direction  have 
been  described.  The  displiiccaient  is  (dleninconjplete.  on  aci'ount  of  the  stmng  coraco-elavieulat 
ligaments,  whieh  remain  utitorn.  The  same  difficulty  exists,  as  in  the  steruo-claviciUar  disloea* 
tion,  in  maintaining'  thu  ends  of  the  bone  in  position  after  rtHhiction. 

ni.  Proper  Ligaments  of  the  Scapula  (Fig.  243). 

The  proper  ligaments  of  the  scapula  are  the 

Coraco-acroraial,  Transverse. 

The  Coraco-acromial  Ligament  is  a  broad,  thin,  flat  band,  of  a  triangular  shape, 
extended  transversely  ahove  the  iip]jer  jiart  of  the  shoulder-joint,  hot  ween  the 
coracoid  and  acromial  processes.  It  is  attached,  by  its  apex,  to  the  sunitnit  of  the 
acromion  just  in  front  of  the  artierilar  surface  for  the  clavicle,  and  by  its  broad 
base  to  the  whole  length  of  the  outer  border  of  the  cot*acoid  process.  Its  posterior 
fibres  are  directed  obliquely  backward  anil  inward,  its  anterior  fibres  transversely 
inward.     This  ligament  completes  the  viiult  formed  by  the  coracoid  and  acromion 
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processes  for  the  protection  of  the  head  of  the  humerus.  It  is  in  relation,  above, 
with  the  clavicle  and  under  .surface  of  the  Deltoid ;  below,  with  the  tendon  of  the 
Snpraspinatus  miisilo,  a  bursa  being  interposed.  Its  anterior  border  is  continuous 
with  a  dense  eelbilar  lamina  that  passes  beneath  the  Deltoid  upon  the  tendons  of 
the  Supra-  and  Infraspinatus  muscles.  This  ligament  is  soraelimes  described  as 
consisting  of  two  marginal  bands  and  a  thinner  intervening  portion,  the  two 
bands  being  attached  respectively  to  the  apex  and  base  of  the  curacoid  process, 
'  and  joining  together  at  their  attachment  into  the  acromi^m  process.  Wlien  the 
Pectoralis  minor  is  inserted,  as  sometimes  is  the  case,  into  the  ca]»sijle  of  the 
shoulder-joint,  instead  of  into  the  coracoid  process,  it  passes  between  these  nvo 
bands,  and  the  intervening  portion  is  then  deficient. 

The  Transverse  or  Coracoid  (nupraitt'apuhrr)  Ligament  converts  the  suprascapu- 
lar notch  into  a  foramen.  It  is  a  thin  and  fiat  fasciculus,  narrower  at  (he  mid- 
dle than  at  the  extremities,  attached  by  one  end  to  the  base  of  the  coracoid 
process,  and  by  the  other  to  the  inner  extremity  of  the  scapular  notch.  The 
suprascapular  nerve  passes  through  the  foratnen  ;  the  suprascapular  vessels  pass 
over  the  ligament. 

Movements  of  Scapula.— The  scapula  is  capable  of  being  moved  upward  and 
downward,  forward  and  backward,  or,  by  a  combination  of  these  movements,  cir- 
curaducted  on  the  wall  of  the  chest.  The  muscles  which  raise  the  scapula  are  the 
upper  fibres  of  the  Trapezius,  the  Levator  anguli  scapiihe,  and  the  two  Rhom- 
boids;  those  which  def/reAA  it  are  the  lower  fibres  of  the  Trapezius,  the  Pectoralis 
minor,  and,  through  the  clavicle,  the  Stibclavius.  The  scapula  is  drawn  backward 
by  the  Rhomboids  and  the  middle  and  lower  fibres  of  the  Trapezius,  and  forward 
by  the  Serratus  magnus  and  Pectoralis  minor,  assisted,  when  the  arm  is  fixed,  by 
the  Pectoralis  major.  The  mobility  of  the  scapula  is  very  considerabk\  and 
greatly  assists  the  inovements  of  the  arm  at  the  shoulder-joint.  Thus,  in  raising 
the  arm  from  the  side  the  Deltoid  and  Snpraspinatus  can  only  lift  it  to  a  right 
angle  with  the  trunk,  the  further  elevation  of  the  limb  being  effected  by  the 
Trapezius  moving  the  scafuila  on  the  wall  of  the  chest  This  mobility  is  of  special 
importance  in  ankylosis  of  the  shoulder-jfHnt.  the  movements  of  this  bone  com- 
pensating to  a  very  great  extent  for  the  immobility  of  the  joint. 

IV.  Shoulder-Joint  (Fig.  243). 

The  Shoulder  is  an  enarthrodial  or  ball-and-socket  joint.  The  bones  entering 
into  its  formation  are  the  large  globular  head  of  the  humerus,  which  is  received 
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into  the  shallow  glenoid  cavity  of  the  scapula — an  arrangement  which  permits  of 
very  considerable  movement,  whilst  the  joint  itself  is  protected  against  displacement 
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by  the  tendons  which  surround  it  and  by  atmospheric  pressure.  The  ligaments  do 
not  maintain  the  joint  siirfuces  in  apposition,  because  when  they  akme  remain  the 
humeru:?!  run  he  seinirated  to  a  ei*nsiderable  extent  from  tlie  i^lenoid  cavity  ;  their 
use,  therefore,  is  to  limit  the  ummmt  of  movement.  Above,  the  joint  h  protected 
by  an  arched  vault,  formed  by  tbe  under  surface  of  the  coracoid  and  acromion 
processes,  and  the  coraco-acrooiial  ligament.  The  articular  surfaces  are  covered  by 
a  layer  of  cartilage:  that  on  the  bead  of  the  humerns  is  thicker  at  the  centre  than 
at  the  circumference,  tbe  reverse  being  the  case  in  the  glenoid  cavity.  The  liga- 
ments of  tbe  shoulder  are  tbe 


Capsular, 
Glenoid,^ 


Coraco-h  omcrah 
Transverse  bumeral. 


The  Capsular  Ligament  completely  encircles  the  articulation,  being  attached, 
above,  to  the  circumference  of  the  glenoid  cavity  beyond  the  glenoid  ligament; 
below,  to  the  anatomical  neck  of  tbe  humerus,  approaching  nearer  to  the  articular 
cartilage  above  than  in  tlje  rest  of  iis  extent.  It  is  thicker  above  and  below  than 
elsewbere,  anil  is  rennirkably  loose  aud  lax,  and  mucli  larger  and  b>riger  than  is 
necessary  tn  kecji  the  bones  in  contact,  allowing  them  to  be  separated  from  each 
other  mor»^  than  an  inch^ — nn  evident  provision  for  that  extreme  freedom  of  muve- 
ment  which  is  peculiar  to  this  articulation.  Its  superficial  surface  is  strengthenedj 
above,  by  the  Supraspinatus ;  below,  by  the  long  bead  of  the  Triceps ;  posteriorly^ 
by  the  tendons  of  tfic  Infraspinatus  and  Teres  minor ;  and  anteriorly,  by  tbe  ten- 
don of  tbe  Subscapular  is.  The  capsular  ligament  usually  presents  three  open- 
ings ;  one  anteriorly,  below  tbe  coracoid  process,  establishes  n  communication 
between  the  synovial  meud)rane  of  tbe  joint  and  a  bursa  beneath  tbe  tendon 
of  the  Snbscapularis.  Tbe  second,  which  is  not  constant,  exists  between  the 
joint  and  a  bursal  sac  belonging  to  the  Infraspinatus  muscle.  Tbe  third  is 
seen  between  the  two  tuberosities,  for  tbe  passage  of  the  long  tendon  of  the 
Biceps  muscle* 

Tbe  Coraco-hnmeral  is  a  broad  band  wbicb  strengthens  tbe  up]R«r  part  of  the 
capsular  ligament.  It  arises  from  tbe  outer  border  of  tbe  coracoid  process,  and 
passes  oblirjucly  downward  and  outward  to  the  front  of  the  great  tuberosity 
of  the  humerus,  being  blended  with  tbe  tendon  of  the  Supraspinattjs  muscle. 
This  ligament  is  intinmtely  united  to  tbe  capsular  in  the  greater  part  of  its 
extent. 

The  Transverse  Humeral  Ligament. ^ — This  is  a  broad  banti  of  fibrous  tissue  pass- 
ing from  the  lesser  to  tbe  greater  tuberosity  of  the  bumerus,  and  always  limited  to 
that  portiou  of  the  hone  which  lies  above  the  epiphysial  line.  It  converts  the 
bicipital  groove  into  an  osseo-aponeurotic  canal,  and  is  tbe  analogue  of  the 
strong  process  of  bone  wbicb  connects  the  summits  of  the  two  tuberosities  in  the 
musk  ox. 

Supplemental  Bands  of  the  Capsular  Ligament. — In  addition  to  the  coraco- 
bumeral,  the  capsular  ligament  is  strengthened  by  supi)lcmcntal  bands  in  the 
interior  of  the  joint.  These  bands  ({jfletio-humera!  ligafiients)  are  situated  on 
tbe  fore  jmrt  of  tbe  capsule,  and  the  superior  passes  from  the  upper  part  of 
the  anterior  margin  of  the  glenoid  cavity  to  the  upper  end  of  tbe  bici])ital 
groove.  This  is  sometimes  known  as  Flood's  ligament,  and  is  snpposefl  to 
correspond  with  tbe  ligamentum  teres  of  tbe  bip-joint.  Tbe  rnitMle  one,  from 
tbe  same  origin,  passes  downward  and  outward  to  the  lower  part  of  tbe  lesser 
tuberosity.  Between  these  two  is  tbe  orifice  of  tbe  mdm-ajmlar  hnrsa.  The 
inferior  band  passes  from  tbe  middle  of  the  anterior  edge  of  the  glenoid  cavity 
to  tbe  under  part  of  the  neck  of  the  humerus.  The  two  latter  are  known  as 
Schlemm's  ligaments. 

The  Glenoid  Ligament  is   a  fibrous  rim  attached  round  tbe  margin  of  the 

*  The  lon^  u^ntlon  of  origin  of  the  Bicep'v  miiiscle  also  acts  tX8>  one  of  the  lignnients  of  this 
joint.  See  the  (»bb«?rvaiionB  ou  p.  318  on  the  fuDction  of  the  mii&cles  pacing  over  more  than  un«^ 
joint. 
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glenoid  cavity.  It  is  continuous  above  with  the  long  tendon  of  the  Biceps, 
which  bifurcates  at  that   [loint. 

The  Synovial  Membrane  is  reflected  from  the  margin  of  the  glenoid  cavity  over 
( the  fihro-cartilaginous  1  im  surrounding  ir;  it  is  then  reflected  over  the  internal 
surface  of  the  capsular  ligament,  covers  the  lower  part  and  sides  of  the  neck  of  the 
humerus,  and  is  continued  a  short  distance  over  the  cartilage  covering  the  head 
of  the  bone.  The  long  tendon  of  the  Biceps  muscle  which  passes  through  the 
cuyjsular  ligament  is  enclosed  in  a  tubular  sheath  of  synovial  nicrabranc,  which  is 
reflected  upon  it  at  the  point  where  it  perforates  the  capsule,  iiud  is  continued 
around  it  iis  far  as  tlie  summit  of  the  glenoid  cavity.  The  tendon  of  the  Biceps  is 
thus  enabled  to  traverse  the  articulation,  but  it  is  not  contained  in  the  interior  of 
the  synovial  cavity.  The  synovial  membrane  communicates  with  a  large  bursal 
eac  beneath  the  tendon  of  the  Subscapnlaris,  by  an  opening  on  the  anterior 
side  of  the  capsular  ligament ;  it  also  occasionally  conmninicates  with  another 
bursal  sac,  beneath  the  tendon  of  the  Infraspinatus,  through  an  orifice  at  its 
posterior  part,  A  third  bursal  sac,  which  does  not  communicate  with  the  jnint, 
is  placed  between  the  under  surface  of  the  Deltoid  and  the  outer  surface  of  the 
capsule- 

The  Muscles  in  relation  with  the  joint  are,  above,  the  Snpraspinatus ;  below, 
the  long  head  of  the  Triceps:  internally,  the  Subscapularis  ;  externally,  the  Infra- 
spinatus and  Teres  minor  ;  within,  the  long  tendon  of  the  Biceps,  The  Deltoid  is 
placed  most  externally,  and  covers  the  articulation  m\  its  outer  side,  as  well  as  in 
front  and  behind. 

The  Artent'n  supplying  the  joint  are  articular  branches  of  the  anterior  and 
posterior  circumflex,  and  suprascapular. 

The  Ni'nuH  are  derived  from  the  circumflex  and  suprascapular. 

Actions.— The  shoulder-joint  is  ca])able  of  movement  in  every  direction,  forward, 
backward,  abductiou,  adduction,  circumduction,  and  rotation.  The  humerus  is 
drawn  forward  hy  the  Pectoral  is  majoi',  anterior  fibres  of  the  Deltoid,  i-oraco- 
braehialis,  and  by  the  Biceps  when  the  forearm  is  flexed ;  backward^  by  the  Latis- 
simus  dorsi,  Teres  major,  postericu'  fibres  of  the  Deltoid,  and  hy  the  Triceps  when 
the  forearm  is  extended  ;  it  is  (fhfhirted  (t^levaied)  by  the  Deltoid  and  Supras))inatus; 
it  is  tit/JMcft'^/ (depressed)  by  the  Subscapularis,  PectfHalis  major,  Latissinujs  dorsi, 
and  Teres  major ;  it  is  rotated  outtmrd  hy  the  Infraspinatus  and  Teres  minor; 
and  it  is  rotated  inward  by  the  Subsqapylaris,  Latissimus  doi-si,  Teres  major,  and 
Pectoralis  major. 

The  most  striking  peculiarities  in  this  joint  are:  1.  The  large  size  of  the  head 
of  the  humerus  in  comparison  with  the  depth  of  the  glenoid  cavity,  even  when 
supplemented  by  the  glenoid  ligament.  2.  The  looseness  of  the  capsule  of  the 
joint.  3-  The  intimate  connection  of  the  capsule  with  the  muscles  attaclied  to  the 
head  of  the  humerus.     4.  The  peculiar  relation  of  the  biceps  tendon  to  the  joint. 

It  is  in  conseijuence  of  the  relative  size  of  the  two  articular  surfaces  that  th« 
joint  enjoys  such  free  movement  in  every  possible  direction.  When  these  movements 
of  the  arm  are  arrested  in  the  shoulder-joint  by  the  contact  of  the  bony  surfaces 
and  by  the  tension  of  the  corresponding  fibres  of  the  capsule,  together  with  that  of 
the  muscles  acting  as  accessory  ligaments,  they  can  be  carried  considerably  farther 
by  the  movements  of  the  scapula,  involving,  of  course,  motion  at  the  acromio-  and 
stemo-clavicular  joints.  These  joints  are  therefore  to  be  regarded  as  accessory 
structures  to  the  shoubler-joint.*  The  extent  of  these  movements  of  thc5  scapula  is 
very  considerable,  especially  in  extreme  elevation  of  the  arm,  which  movement  is 
best  accomplished  when  the  arm  is  thrown  somewhat  forward,  since  the  articular 
surface  of  the  humerus  is  broader  in  the  middle  than  at  either  end,  especially  the 
lower,  so  that  the  range  of  elevatitm  directly  forward  is  less,  and  that  directly 
backward  still  more  restricted.  The  great  width  of  the  central  portion  of  the 
humerul  head  also  allows  of  very  free  horizontal  movement  when  the  arm  is 
raised  to  a  right  angle*  in  which  movement  the  arch  formed  by  the  acromion,  the 
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coracoid  process,  and  the  coraco-aeromial  ligament  constitutes  a  sort  of  sujiple 
mental  articular  cavity  for  the  heail  of  the  bone. 

The  looseness  of  the  capsule  is  so  great  that  the  ann  will  fall  about  an  inch 
from  the  seaptila  when  the  muscles  are  «lissected  from  the  capsular   ligament  and  J 
au  ojjening  made  in  it  to  remt>ve  the  atmospheric   pressure*     The  m^nemeuts  ut  [ 
the  joint,  therefore,  are  not  regulated  by  the  capsule  so  much  as  by  the  surrounding] 
muscles  and  by  the  pressure  <d'  tlie  atmosphere — an  arrangement  which  *'  renders 
the  movements  of  the  Joint  much  more  ea^y  than  they  would  t otherwise  have  been, 
and   permits  a  swinging,  pendulum-like  vibration  of  the  limb  when  the  nuiseles 
are  at  rest  "  (Humphry).    The  fact,  also,  that  in  ail  ordinary  positions  of  the  joint 
the  capsule  is  not  put  on  the  stretch  enables  the  arm  to  move  freely  in  all  direc- 
tions.    Extreme  movements  are  checked  by  tlie  tension  of  appropriate  portions  of 
the  capsule,  as  well  as  by  the  interlocking  of  the  bones.     Thus  it  is  said  that 
'^  abduction  is  checked  by  the  contact  of  the  great  tuberosity  with  thenpper  edge  of 
the  glenoid  cavity;   adduction  by   the  tension  of  the  eoraco-humeral  ligament '' 
(Beaunis  et  Bouchard). 

The  intimate  union  of  the  tendons  of  the  four  short  muscles  with  the  capsule 
converts  these  muscles  into  elastic  and  spontaneously  acting  ligaments  of  the  joint, 
and  it  is  reganled  as  being  also  in  ten  (led  to  prevent  the  folds  into  which  all  portions 
of  the  capsule  would  alternately  fall  in  the  varying  positions  of  the  joint  from  being 
driven  between  the  bones  by  the  pressure  of  the  atmosphere. 

The  peculiar  relations  of  the  Biceps  tendon  to  the  shoulder-joint  appear  to  sub- 
se  r  V  e  v  a  r  ions  pur  pos  es .  I  n  t  h  e  fi  r  s  t  pi  a  c  e ,  by  it  s  e  ( >n  n  ec  t  i  o  n  w  i  1 1)  b  t  >  1 1 1  t  h  e  s  h  o  u  1  d  er 
and  elbow  the  muscle  harmonizes  tlie  action  of  the  two  joints,  and  acts  as  an 
elastic  ligament  in  all  positions,  in  the  manner  previously  adverted  to.*  Next,  it 
strengthens  the  u|)per  part  of  the  articular  cavity,  and  prevents  the  head  of  the 
humerus  frr»m  being  pressed  up  against  the  acromion  |ux*cess,  when  the  Deltoid 
contracts,  instead  of  forming  the  centre  of  moti**n  in  the  glcmud  cavity.  By  its 
passage  ahuig  the  bicipital  groove  it  assists  in  rendering  the  head  of  the  humenm 
steady  in  the  various  mrtvements  of  the  arm.  Wheti  the  arm  is  raised  from  the 
side  it  assists  the  Supra-  and  Infraspinatus  in  rotating  the  head  of  the  humerus  in 
the  glenoid  cavity.  It  alsn  holds  the  head  of  the  bone  firmly  in  contact  with  the 
glenoid  cavity,  and  prevents  its  slipping  over  its  hivver  edge,  or  being  disphiced  by 
the  action  of  the  Latjssimus  dorsi  and  Pectoralis  major,  as  in  climbing  and  many 
other  movements. 

Siirface  Form. — The  direction  and  position  of  the  shoulder-joint  may  be  in*Iicatc*l  by  a  line 
drawn  t'n>ui  tlu*  mi^Jdle  fd'  the  conico-iuTomial  lipauient*  in  a  curved  direetioa,  witli  its  i*<jn- 
vexity  inward,  to  the  inaernjost  jiart  of  thnt  jwrtion  of  the  liead  of  the  lounerus  which  can  be 
felt  in  the  axilla  when  the  arm  is  toreibly  ahdneted  lk>ni  the  side.  When  the  arai  han^irs  by  the 
side,  nut  more  than  une-third  of  the  hea^l  of  the  bone  is  la  eutUaet  wttli  the  ylcauid  eavity,  and 
three-i|narters  tdMts  ei  re  u  nil  ere.  nee  \a  in  frunt  of  a  vertieal  line  drawa  from  theanteriur  h<irderof 
the  aerouiion  itrneess. 

Surgical  Anatomy.— Owinir  to  the  eonstruetion  id'  tlit^  >!njnlder-.i*jint  and  the  freedoDi  of 
movement  whieh  it  enji>ys,  as  well  ils  in  coaset|iienecot"  its  exposed  situaliou,  it  is  more?  fretiuendy 
dislocated  than  a»iy  other  Joint  m  the  body.  DisWatioa  oeenrs  when  the  ami  is  alxlneted,  and 
when,  therefore,  tlie  head  of  the  iiuuieru,s  presses  against  the  lower  antl  front  part  of  the  eap- 
sale,  which  is  the  thinnest  and  least  suppjorted  part  of  the  lieameat.  The  rent  in  the  capsule 
almost  invariably  takes  phice  in  this  situation,  and  through  \i  \\\i*  head  of  tlie  lione  escapes,  so 
that  the  dislocation  ia  most  instances  is  primarily  subglenoid.  The  head  of  the  hone  does  not 
usually  remain  in  this  aituatiou,  but  generally  assnraes  Sfuae  other  position*  wliieli  varies  aet*oni- 
ing  to  the  direction  .'^nd  amount  of  fbree  produeing  the  dislocjition  and  t!ie  relative  stR^nt'th  of 
the  auist^les  in  front  and  behind  the  joint.  In  eontseipienee  of  the  must les  at  the  haek  being 
stroni^er  than  those  m  frtint,  and  especially  on  aeeount  of  the  long  head  of  the  Triceps  pre- 
vent in^f  the  hone  passiru;  bnekward,  dislm^ation  forward  is  nmeh  more  et)mmon  than  back- 
ward. The  most  freipient  posiiiun  whieh  the  head  of  the  humei-us  ultimately  assumes  \s  on  the 
front  of  the  neek  uf  the  scapula,  beneath  the  coracoid  |>riK^ess,  and  heaee  named  suWura- 
coid,  Oceastonally,  xu  eonse<|uenee  probably  of  a  irreater  amount  of  loree  beinp'  liDoight  to 
bear  on  the  limb,  the  head  is  driven  farther  inward,  and  rests  on  the  up]i€r  part  of  the  fffjnt 
of  the  ehest,  iKineath  the  elaviele  (aubclavieular)-  Sometimes  it  remains  in  the  position 
in  which  it  vr^  primarily  displaced,  resting  on  the  axillary  border  of  the  scapula  (subglenoid)} 
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aod  rarely  it  passes  backward  and  remnins  in  the  infraspiDatous  fossa,  beneath  the  epine  (sub- 

The  shoulder-joint  is  stDmctimes  the  seat  of  all  those  inflaramatory  affei'tions,  Imth  acute  and] 
cfuTpDiCt  which  attack  joints,  though  perliaps  less  frei]uent]y  than  somt!  other  joints  of  equal  size 
and  importance.  Acute  synovitis  nmy  rtfsiilt  froni  injur\-,  rhe«nKlti^tm,  or  mMita,  or  may  fol- 
low aeeondarily  on  the  so-calletl  acute  epiphysitis  of  infants.  It  is  ittttiiidea  willi  elfusiori  into 
the  joint,  and  wlten  this  occurs  the  Ciipsnle  ii*  evenly  distended  and  the  contour  of  the  jiiint 
rounde*l»  8peciaJ  pr**jections  may  occur  at  the  ^ite  of  the  openings  in  the  eaf^sular  liKauient. 
Thus  a  swelling  may  ai>pearjust  in  front  of  the  joint,  internal  to  the  lesser  tuWrosity,  from  effu- 
siiin  into  the  hursa  beneath  the  Suhw^apularis  muscle ;  or,  aarain,  a  swelling  which  is  sometimes 
bilol>ed  may  be  seen  m  the  interval  between  the  Deltoid  and  Pectoralis  major  musieles,  from  effu- 
sion into  the  diverticulum,  which  runj*  down  the  hicij>ital  trn»ove  with  the  tendon  of  tlie  biceps. 
The  effusion  into  the  sytiovial  membrane  caii  be  best  ascertained  by  examination  from  the  axilla, 
where  a  soft,  elastic,  flnctnatinij  swelling'  can  usually  he  ielt, 

Tulx'rcular  arthritis  not  uiifrc^iuenlly  attacks  the  should er-joint»  and  may  lead  to  total  de^j 
struction  of  the  articulation,  when  snikyloisis  may  result  or  lon^'-protraeted  supi>uration  may| 
neeessitate  excision.     This  jnint  is  also  one  of  those  which  is  most  liable  to  be  the  seat  of  osteo 
artliritis,  and  may  also  he  affected  in  gout  and  rheumatism ;  or  in  locomotor  ataxy,  when  it 
becomes  the  seat  of  Charcot*s  disease. 

Excision  of  the  shouldcrjoint  may  lie  rcfpiired  in  ca.ses  of  arthritis  (especially  the  tulier- 
cnliir  form)  which  have  ^one  on  to  destruction  of  the  articulation:  in  compound  dislocations  arid 
fn^cturcs,  particularly  thtise  arising  from  gun-shot  injuries^  in  wliich  tliere  has  been  extensive 
injur>'  to  the  head  of  the  bone;  in  some  cases  of  old  unreduced  dislocjition,  where  thert^  is  much 
pain  ;  and  possibly  in  some  few  cjises  of  i^jwth  connect eil  with  the  up|>er  etid  of  the  bone.  The  i 
operation  is  best  performed  by  makinje  an  incision  from  the  middle  of"  the  coraco-acromial  liija- 
ment  down  the  arm  for  about  three  inches:  tbis  will  exp4;)se  the  bicipital  groove  atul  the  tendon 
of  the  Biceps,  which  may  he  cither  divided  or  hooked  out  of  the  way,  aceordin^^  as  to  whether  it 
is  implicated  in  the  disease  or  not.  The  capsule  is  then  freely  openefJ,  and  the  musi'les  attached 
to  the  greater  and  leaser  tuberosities  of  the  liunierus  divided.  The  head  of  the  bime  can 
then  be  thrust  out  of  the  wound  and  sawn  f>ff,  or  divided  with  a  narrow  saw  in  situ  and 
subsequently  removed.  The  seetion  should  be  made,  if  possible,  just  below  (he  art ieular  surface, 
fto  as  to  leave  the  bone  as  lou^  as  possible.  The  glenoid  cavity  nnist  then  lie  examined,  ana 
gouged  if  carious. 

V.  Elbow-Joint. 

The  Elbow  is  a  glnfjhfniim  or  hinge- joint.  The  bones  entering  into  its  forma- 
tion are  the  trochlear  ,surfiice  of  the  humerus,  w  hicb  is  received  into  the  greater 
sigmoid  cavity  of  the  ulna^  and  ndniits  of  the  movements  ]>eculiar  to  this  joint — viz, 
flexion  and  extension  ;  whilst  the  lesser,  or  radiaU  liead  of  the  humerus  articulates 
with  the  cuj>-shii|*ed  depiression  on  the  bead  of  the  radius  ;  the  citcuniferoDce  of  thoi 
head  of  the  rnditis  articulates  with  the  lesser  sigmoid  cavity  of  the  ulna,  aOowin^  of 
the  movement  of  rotation  of  the  radius  on  the  ulna,  the  chief  action  of  the  Bupe- 
rior  radio-uhiar  articulation.  The  articular  surfaces  are  covered  with  a  thin  layer 
of  cartilage,  ainl  connected  together  by  a  capsular  ligament  of  unequal  thickness, 
being  especially  thickened  on  its  two  sides  and,  to  a  less  extent,  in  front  and 
behind.  These  thickened  portions  are  usually  described  as  distinct  ligaments 
under  the  following  names: 

Anterior.  Internal  Lateral. 

Posterior.  External  Lateral. 

The  orbicular  ligament  of  the  npper  radio-ulnar  articulation  must  also  be 
reckoned  among  the  ligaments  of  the  elbow. 

The  Anterior  Ligament  (Fig.  245)  is  a  broad  ami  thin  fibrous  layer  which 
covers  the  anterior  surface  of  the  joint.  It  is  attached  to  the  front  of  the  internali 
condyle  and  to  the  front  of  the  humerus  immediately  above  the  coronoid  fossa; 
below,  to  the  anterior  surface  of  the  coronoid  process  of  the  ulna  and  orbicular 
ligament,  being  continuous  on  each  side  with  the  lateral  ligaments.  Its  superficial 
fibres  pass  oblit|uely  from  the  inner  condyle  of  the  humerus  outward  to  the 
orbicular  ligarnent.  The  middle  fibres,  vertical  in  direction,  pass  from  the  upper 
part  of  the  coronoid  depression  and  become  j>artly  blended  with  the  preceding,  but 
mainly  inserted  into  the  anterior  surface  of  the  coronoid  process*  The  deep  or 
transverse  set  intersects  these  at  right  angles.  This  ligament  is  in  relation,  in 
front,  with  the  Brachialis  anticus,  except  at  its  outermost  part ;  behind,  with  the 
svnovial  membrane. 


Pio.  245.— lA*ft  elbtiw  joint,  ahowini?  UTiterior 
and  IiiU'rntil  Ugameuts. 


Fni.  'i4fi,— I^ft    elbow-Jotnt,    showlnif 
posterior  liod  i.'xtemt!il  Ilgamentt^. 


The  Internal  Lateral  Ligament  (Fig.  245)  is  a  tliiek  tiiangiikr  hund  crmsisting 
of  two  portioiLS,  an  anterior  and  posterior,  united  by  a  thinner  intermediate  por- 
tion. The  anterior  portfo}},,  directed  oblitjuely  forward,  is  attached,  above,  by  its 
apex,  to  the  front  part  of  the  internal  enjidyle  uf  tfie  humerus;  and,  behiw,  by  its 
broad  ba.se,  to  the  inner  margin  of  the  coronoid  process.  The  poster if^r  portkttt^ 
also  of  triangular  form,  h  attached,  above,  by  its  a}>ex,  to  the  hiwer  and  back 
part  of  the  internal  e<uidyle;  below,  to  the  inner  margin  of  the  olecranon. 
Between  these  two  bands  a  few  intermediate  fibres  descend  from  the  internal  con- 
dyle to  blend  with  a  trans ver3=;e  band  of  ligamentous  tissue  which  bridges  across 
the  notch  between  the  olecranon  and  corontud  jirocesses.  This  ligament  is  in 
relation,  internally,  with  the  Triceps  and  Flexor  carpi  ulnaris  muscles  and  the 
ulnar  nerve»  and  gives  oritrin  to  part  nf  the  Flexor  sublimis  digitorum. 

The  External  Lateral  Ligament  (Fig.  -4(i)  is  a  short  and  narrow  fibrous  band, 
less  distinct  than  the  internal,  attached,  above,  to  a  depression  below  the  external 
condyle  of  the  humerus ;  below,  to  the  orbicular  ligament,  some  of  its  most  pos- 
terior fibres  passing  over  ihat  ligament,  to  be  inserted  into  the  outer  margin  of  the 
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ulna.     This  ligament  is   intimately  blended  with  the  tendon  of  origin  of   the 
Supinator  brevis  mosele. 

The  Synovial  Membrane  ia  very  extensive.  It  covers  the  margin  of  the 
articular  surface  of  the  humerus,  and  lines  the  coronoid  and  olecranon  fossae  on 
that  bone;  from  these  points  it  is  reflected  over  the  anterior,  posterior,  and 
lateral  ligaments,  and  forms  a  pouch  between  the  lesser  sigmoid  cavity,  the 
internal  surface  of  the  orbicular  ligament,  and  the  circumference  of  the  head  of 
the  radius. 

Between  the  capsular  ligament  and  the  synovial  membrane  are  three  masses 
of  fat;  one,  the  largest,  above  the  olecranon  fossa,  which  is  pressed  into  the  f<»ssaby 
the  triceps  during  flexion;  a  sec^md,  over  the  coronoid  fossa;  and  a  thirfl,  over 
the  radial  fossa.     These  are  pressed  into  their  respective  fossae  during  extension. 

The  Mumbles  in  relation  with  the  joint  are,  in  front,  the  Braehialis  anticus ; 
behind,  the  Triceps  and  Anconeus;  externally,  the  Supinator  brevis  and  the 
common  tendon  of  origin  of  the  Extensor  muscles;  internally,  the  common 
tendon  of  origin  of  the  Flexor  muscles,  and  the  Flexor  carpi  ulnaris,  with  the 
ulnar  nerve. 

The  Artrries  supplying  the  joint  are  derived  from  the  comnmnicating  brunches 
between  the  su|>erior  profunda,  inferior  profunda,  and  anastomotica  magna  arteries, 
branches  of  the  brachial,  with  the  anterior,  posterior,  and  interosseous  recurrent 
branches  of  the  ulnar  and  the  recurrent  branch  of  the  radiaL  These  vessels  f*>rm 
a  complete  chain  of  inosculation  around  the  joint. 

The  Nerves  are  derived  from  the  ulnar  as  it  passes  between  the  internal  con- 
dyle and  the  olecranon  ;  a  filament  from  the  umsculo-cntaneous  (Riidinger),  and 
two  from  the  median  (Macalister). 

Actions.— The  elbow-joint  comprises  three  different  portions — viz,  the  joint 
between  the  ulna  and  humerus,  that  between 
the  head  of  the  radius  intd  the  humerus,  and 
the  superior  ra<iio« ulnar  articulation,  described 
below.  All  these  articular  surfaces  are  in- 
vested by  a  common  synovial  membrane,  and 
the  movements  of  the  whole  joint  should  he 
studied  together.  The  combination  of  the 
movements  of  flexion  and  extension  of  the 
forearm  with  those  of  pronation  and  supina- 
tion of  the  band,  which  is  ensured  by  the  two 
being  performed  at  the  same  joint,  is  essen- 
tial to  the  accuracy  of  the  various  minute 
movements  of  the  hand. 

The  portion  of  the  joint  between  the  nhia 
and  humerus  is  a  simple  hinge-joint,  and 
allows  of  movements  of  flexitm  and  extension 
only.  Owing  to  the  ohli<piity  of  the  trochlear 
sufface  of  the  humerus,  this  movement  does 
not  take  place  in  a  straight  line;  so  that 
when  the  firearm  is  extended  and  supinated 
the  axis  of  the  arm  and  forearm  is  not  in 
the  same  line,  but  the  (Uie  portion  of  the  limb 
forms  an  angle  with  the  others,  and  the  hand, 
with  the  forearm,  is  directed  outward.  Dur- 
ing flexion,  on  the  other  hand,  the  forearm 
and  the  hand  tend  to  approach  the  middle 
line  of  the  body,  and  thus  enable  the  hand  to 
be  easily  carried  to  the  face.  The  shape  of 
the   articular   surface    of  the    humerus,   with 

accurately  adapted  to  the  opposing  surfaces  of  the  olecranon,  prevents  any  lateral 
movement.     Flexion   is    produced    by   the  action   of  the  Biceps   and   Brachialia 


FiQ.  2l7.~Siifi:iUal  teclion  of  the  right 
olliow-|oliit,  taken  somewtmt  obllc^uely 
aufl  *een  frtim  the  radial  iispeet.  ( Attar 
Brannej 
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anticuB^  assisted  by  the  miiHcles  arising  fnim  the  i eternal  condyle  of  the  humerus 
and  the  Supinator  hjngu^ii ;  exteHBion^  by  the  Triceps  and  Anconeus,  assisted  by 
the  extensors  of  the  wrist  and  by  the  Extensor  communis  digitorum  and  Extensor 
minimi  digiti. 

The  joint  between  the  head  of  the  radius  and  the  eapitellum  or  radial  head  of 
the  humerus  i^  an  artbrodial  joint.  The  bony  surfaces  would  of  themselves  con- 
stitute an  enavtbrosis,  and  allow  of  movement  in  all  directions  were  it  not  for  the 
orbicular  ligament  by  which  the  head  of  the  radius  is  bound  down  firmly  to  the 
sigmoid  cavity  of  the  ulna»  and  which  prevents  any  separation  of  the  two  bones 
laterally.  It  is  to  the  same  ligament  that  the  head  of  the  radius  owes  its  security 
from  disloc!iti<^n,  which  wmild  otberwise  constantly  occur  as  a  consequence  of  the 
shallowness  of  the  cup-like  surface  on  the  head  of  the  radius.  In  fact,  but  for 
this  ligament  the  tendon  of  the  biceps  would  be  liable  to  pull  the  head  of  the 
radius  out  of  the  joint.'  In  complete  extensitm  the  head  of  the  radius  glides  so 
far  back  on  the  outer  condyle  that  its  edge  is  plainly  felt  at  the  back  of  the 
articulation.  Flexion  and  extension  of  the  elbow-joint  are  limited  by  the 
tension  of  the  structures  on  the  front  and  back  of  the  joint,  the  limitation  of 
flexion  being  also  aided  by  the  soft  structures  of  the  arm  and  forearm  coming  in 
contact. 

In  combination  with  any  position  of  tlexion  or  extension  the  head  of  the  radius 
can  be  rotated  in  the  upper  radio-ulnar  joint,  carrying  the  hand  with  it  The 
hand  is  articulated  to  the  lower  surface  of  the  radius  only,  and  the  concave  or 
sigmoid  surface  on  the  lower  end  of  the  radius  travels  round  the  lower  end  of 
the  ulna.  The  latter  bone  is  exclude*!  from  the  wrist-joint  {as  will  be  seen  in  the 
se(piel)  by  the  interartieular  fil no-cartilage.  Thus,  rotation  of  the  bead  of  the 
raxtius  round  an  axis  which  passes  through  the  centre  of  the  radial  bead  of  the 
humerus  imparts  circular  movement  to  the  hand  through  a  very  considerable  arc. 

Surface  Fonn.^lf  the  tbrearia  be  sli^rhtly  flexed  ou  tlie  aruK  ?i  eurved  crease  or  fuld  with 
its  rt»nvi*xity  dowiivvurd  may  be  seen  runiiiiig  iieniss  the  front  iA^  tlie  elliciw,  extending  from  one 
(Hmdylt?  to  tin/  other.  The  centre  of  this  Ittld  h  stane  sh^dit  di^iUiaee  abuve  the  line  of  the  joint. 
Tilt'  |K)8ilioTi  of  tht  radio- htimt?niil  ixirtiou  ol'the  joitit  can  he  iit  enee  asttTtaiaed  by  feLJin^'  for  a 
sli^dit  groove  or  detaessinn  iietweeu  the  head  of  the  radius  and  the  ciipitellum  of  the  himierus  at 
the  hark  of  the  artieubtioiL 

Surgical  Anatomy* — Froai  the  great  breadth  of  the  joint,  and  the  njanoer  in  which  the 
artieiilLir  siirtaees  are  interlnektfdT  and  also  on  aeionnt  of  the  stronc  lateral  li^anieiitsj  and  tht; 
BUpport  which  the  joint  durivchi  fruui  the  mass  et'  ainseit^ij  altarhed  to  each  r<>r*ilyle  (d'  the 
humerus,  lateral  (lis|>bf<L'inent  of  tlie  bones  is  very  uneouiuuju,  whereas  ant uro-j  tost  erior  dislix'ji- 
tion,  on  aceuunt  of  the  .skorlne&Ls  of  the  antero- posterior  diameter,  the  weakness  of  the  Jinterior 
and  posterior  li>jament.s,  and  the  waiU  (>t' support  of  uuisc^leSj  mneh  aami  txefiut-ntly  takes  pku*e. 
dii?l(jeatiun  backward  laking  pla(?e  when  the  forearm  is  in  a  powitiun  uf  extent^iiin,  ajiil  tl>rward 
when  in  \i  pusitiijn  of  flexion.  For,  in  the  tbrnier  pueitiou*  that  of  extensien,  iho  t-ornnoid  prtj- 
cess  iw  TjMt  mterlm-ked  into  tiie  eorunoid  fossa,  and  loses  its  j^rip  to  a  eertiiia  exieiU,  \vhere:is  the 
oieeranon  nrueeta*  is  in  the  olecmnon  fUssa,  a  ad  entirely  prevents  tlisjvlacemeat  fonvard.  On 
tilt-  ulher  litmd,  during'  flexion,  tlie  enrunoid  process  is  in  the  eoronoid  fossa,  and  preveiit8 
diskR'atiun  hw-kwarcL  while  the  oleiTaaon  l<>st?s  ir.s  irrip  and  is  not  so  effieient,  as  diuin^  exten- 
sion, in  preventing  a  forward  displacement.  When  lateral  disloeutloM  dues  take  plaee,  it  is  gen- 
end  ly  incomplete. 

Disloeittion  of  the  elbow-joint  id  of  eorotuon  occurrence  in  ehildren,  far  more  eouinion 
than  dislocation  of  any  other  artieidation,  for,  as  a  rule,  tkirtnre  of  a  In^ne  more  frequently 
takes  place,  under  the  applieiition  of  any  severe  violence^  in  youn^*^  ]iersons  than  dislfK^ation,  In 
lesions  »jf  this  joint  there  is  ot^en  very  great  difficulty  in  ascertaining  the  exact  nature  of  ihe 
ii^'urv. 

ilie  ellKiW-joint  is  occasionally  tlie  seat  of  acute  synovitis.  The  sj^novial  memhraae  then 
beeonies  distended  with  fluid,  the  hnlLdng  showing  itsiilf  priiiei pally  aj'ound  the  oleenmen  pru- 
oeffi;  that  is  to  say,  on  its  inner  and  outer  sidc'^  and  above,  in  eonseuuence  of  the  laxness  of  the 
posterior  ligaiaent.  Oceas ion  ally  a  welhamrked,  triaiiKular  pn>jei*tion  niuy  be  seen  t»n  the  uuler 
side  of  the  olecranon,  from  huldng  of  the  synuvial  membnine  ix*iieath  the  Anconeus  muscle. 
Again,  tlicre  is  often  some  swclllni^r  jtLSt  above  the  heatl  of  the  radius,  in  the  line  of  the  radio- 
bumera!  joint.  There  is  grnerally  not  mueh  swelliuir  at  the  front  uP  the  joint,  though  8t»nietiniea 
deep-seated  fulness  Wneath  tlut^  Brachialis  antiens  ujny  W  noted.  When  suppuration  oeeurslhe 
abscess  usually  points  at  one  or  other  lwjrd«'r  vA'  the  Trieeps  musele;  oct-^asionally  the  j)ua 
di^bargea  itaelf  in  tront,  near  the  insertion  of  the  Brai  hialis  antieus  muBcle.     Chrome  synovitis, 

*  Jlumphry,  op.  ml,  p.  419. 
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uauiilly  of  tubereular  ori/e^m,  is  of  rammon  oecurrcne-e  in  the  clkiw-joint :  under  these  cireum* 
stances  the  fuiviirm  tt  iids  to  assume  the  position  nf  semi -flexion,  whieh  is  that  of  lO'eatest  ease 
and  relaxation  of  hgnmeiits.  It  should  lie  borne  in  mind,  that  should  ankylosis  occur  in  this  or 
the  extended  jxisitiou.  the  liiuh  will  not  he  nearly  yc»  useful  i^  if  ankylosetl  ui  a  oositiori  of  rather 
XesA  than  a  right  angle-  Loose  eartilagt^is  are  Hf>metio)C8  met  with  in  the  eloow-jointi  not  so 
commonly,  however,  Uis  in  the  knee;  nor  do  they,  a^ii  a  rule,  give  rise  to  sueh  urgent  bympt<>nis 
as  in  this  articulation,  and  nirely  n»<|uire  operative  interference.  1'he  ellHjw-joint  is  aisci  some- 
times affeeteil  with  osteo-arthritis.  hut  this  affection  is  less  common  in  this  articulation  than  in 
si)me  «>ther  of  the  larger  joints. 

Excision  of  the  elbow  is  principalJy  reqm'red  l<>r  three  conditions:  vbs.  tubercular  arthritis, 
in^iury  and  iti*  rcsuhs,  and  faulty  ankylosis ;  but  may  be  necessary  for  some  other  rarer  condi- 
tions, such  as  disori^anizinp  artliritis  after  pya?mia,  unreduced  disltications^  and  osteo -arthritis. 
The  results  of  the  oiteration  arc,  as  a  rule,  more  favorable  than  those  of  excision  of  any  other 
joint,  and  it  is  one,  tlierelure,  that  the  siu'getjn  shoukl  never  hesitate  to  perfbmiT  especially  in 
the  first  three  of  the  conditions  mentioned  above.  The  openitiou  is  best  performed  by  a  single 
vertical  incision  down  the  bac^k  <^f  the  joint,  a  transvense  incision,  over  the  outer  condyle,  being 
adderl  if  the  parts  are  much  thickened  and  tixed.  A  straight  incision  ts  made  abrjut  four 
inches  long,  tbe  mid- point  of  which  is  on  a  level  with  and  a  little  to  the  iuner  side  of  the  tip  of 
the  olecranon.  This  incision  is  made  down  to  the  Iwne,  through  the  subst^iuce  t*f  the  Tricepa 
muscle.  The  operator  with  the  noint  of  his  knife^  and  guardinc;  the  soft  parts  with  his  thumb- 
nail, 8eparat4?s  them  from  the  rxine.  In  doin^  this  there  are  two  structures  which  he  should 
wefully  avoid:  the  ulnar  nerve,  which  lies  parallel  to  his  incision,  bnt  a  little  inlernaL  as 
it  courses  down  between  tiie  internal  con<lyle  and  the  olecranon  proce-ss^  and  the  prolongation  of 
the  Triceps  into  the  deep  fiiscia  of  the  fi)rearm  over  the  Anconeus  mu,s<:dc.  Having  cleared  the 
bones  and  divided  the  lateral  and  posterior  ligament.s,  the  fiireann  is  strongly  flexed  and  the 
ends  of  the  btjne  turned  out  and  sawn  off.  The  section  of  the  Immenis  sliould  Ix?  thr<>neh 
the  base  of  the  condyles,  that  of  the  ulna  and  radius  sln>uld  Im;  just  below  the  level  of  the 
lesser  siermmd  c^^vity  of  the  ulna  and  the  neck  of  the  radius.  In  this  operation  the  o!yc*ct  is 
to  obtain  such  union  as  shall  alk»w  free  motion  of  the  bones  of  the  foreiu^n ;  and,  therefure, 
passive  motion  must  be  commenced  early,  that  is  to  say,  about  the  tenth  day, 

VI.  Radioulnar Articnlations. 

The  articulation  of  the  radius  with  the  uliut  ia  effected  by  ligaments  which 
connect  together  both  extremities  as  well  as  the  shafts  of  these  bones.  They  may, 
con^^eqiietitly,  be  .«iubdivided  into  three  sets  :  1,  the  sufjerior  radio-ulnar,  which  is 
a  portion  of  the  elbow-joint;  2^  the  middle  radioulnar;  and,  3,  the  inferior  radio- 
ulnar articulations. 


1.  Superior  Radio-ulnar  Articul.^tion* 

This  articulation  is  a  trochoid  or  pivot-joint.  The  bones  entering  into  its 
formation  are  the  inner  side  of  the  circumference  of  the  head  of  the  radius  rotating 
within  the  lesser  sigmoid  cavity  of  the  ulna.  Its  only  ligament  is  the  annular  or 
orbienhiv. 

The  Orbicular  Ligament  {Fig,  246)  is  a  strong,  flat  band  of  ligamentous  fibres, 
which  surrounds  the  head  of  the  radios,  and  retains  it  in  firm  connection  with  the 
lesser  sigmcdd  cavity  of  the  ulna.  It  forms  about  four-fifths  of  a  fibrous  ring, 
attached  by  each  end  to  the  extremities  of  the  lesser  sigmoid  cavity,  and  is  smaller 
at  the  lower  part  of  its  circuniference  than  above,  by  which  means  the  head  of  the 
radius  is  more  securely  held  in  its  position.  Its  outei^  8urfa/ff\  is  strengthened 
by  the  external  lateral  ligament  of  the  elbow%  and  affonls  origin  to  part  of  the 
Supinator  brevis  muscle.  Its  inner  surfaee  is  smooth,  and  lined  by  synovial 
membrane.  The  synovial  membrane  is  continuous  with  that  which  lines  the 
el  bow- joint. 

Actions, — The  movement  which  takes  place  in  this  articulation  is  limited  to 
rotation  of  the  head  of  the  radius  within  the  orbicular  ligament,  and  upon  the 
lesser  sigmoid  cavity  of  the  ulna,  rotation  forward  being  vMed  jmmafwn ;  rotation 
backward,  ^a/Huation,  4Sypnnaticm  is  performed  by  tbe  Bicejis  and  Supinator 
brevis,  a**!sisted  to  a  slight  extent  by  the  Extensor  muscles  of  the  thumb  and,  in 
certain  positions^  by  the  Supinator  long  us.  Pronation  is  performed  by  the  Pro- 
nator radii  teres  and  the  Pronator  quadratiis,  assisted,  in  some  positions,  by  the 
Flexor  carpi  radialis. 

Smiface  Ponn. — ^The  i>osition  of  the  euperior  radio-ulnar  joint  is  marked  on  tlie  surfaee  of 
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tho  IxHiy  by  the  little  dimple  on  the  back  of  the  forearm  which  indicat-ea  the  position  of  the  head 
of  the  radios. 

Surgical  Anatomy. — ^Ditislo^^ivtion  of  the  head  of  die  nidiiis  alone  m  not  an  uncdinmon 
accident,  iiiul  oi'(uri5  niuj^t  frequently  in  yfnmg  pennjns  from  falls  on  the  hand  when  the  forearm 
18  extended  and  snpinated.  tiie  head  of  the  bone  being  displaced  forward.  It  is  attended  by 
rupture  uf  the  orbicular  ligament. 

2.  Middle  RAinn-uLNAK  Articulation. 

The  interval  between  the  shafts  of  the  radius  and  ulna  is  occupied  by  two 
ligaments* 

Oblique.  Interosseous. 

The  Oblique  or  Round  Ligament  (Fig.  245)  is  a  small,  flattened  fibrous  band 
which  extends  obliquely  downward  and  ontward  from  the  tubercle  of  the  ulna  at 
the  base  of  the  coronoid  proees.s  to  the  radius  a  little  below  the  bicipital  tuberosity. 
Its  fibres  run  in  the  opposite  direct iun  to  tboye  of  the  interosseous  ligaraeni,  and 
it  appears  to  be  plare<l  as  a  substitute  for  it  in  the  upper  part  of  the  interosseous 
interval.     This  ligament  is  sometimes  wanting. 

The  Interosseous  Membrane  is  a  broa<l  and  thin  plane  of  fibrous  tissue  descending 
obliquely  downward  and  inward,  from  the  interosseous  ridge  on  the  radius  to  that 
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Fig.  24S.— LiRftraems  of  wrist  and  hanrl    Anterior  view. 

on  the  ulna.  It  is  deficient  above,  commencing  about  an  inch  beneath  the  tubercle 
of  the  radius;  is  broader  in  the  middle  than  at  either  extremity;  and  presents  an 
oval  aperture  just  above  its  lower  margin  for  the  [lassage  of  the  anterior  inter- 
osseous vessels  to  the  back  of  the  forearm.  This  ligament  serves  to  connect  the 
bones  and  to  increase  the  extent  *d' surface  for  the  attachment  of  the  deep  muscles. 
Between  its  upper  border  and  the  <d)lique  ligament  an  interval  exists  through 
which  the  posterior  interosseous  vessels  pass.  Two  or  three  fibrous  bands  are 
oeca^icmally  found  on  the  posterior  surface  of  this  membrane  which  descend 
ohliijuelv  from  the  ulna  toward  the  radius,  and  which  have  consequently  a  direc- 
tion contrary  to  that  of  the  other  fibres.  It  is  in  relation,  in  frmtf,  by  its  upper 
three-fourths  with  the  Flexor  Inngus  pollicis  on  the  outer  side,  and  with  the 
Flexor  profundus  digitorum  on  the  inner,  lying  upon  the  interval  between  which 
are  the  anterior  interosseous  vessels  and  nerve  ;  by  its  lower  fourth,  with  the 
Pronator  quadratus ;  hehinil,  with  the  Sujtinator  brevis,  Extensor  ossis  metucarpi 
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pollicis,  Extensor  brevis  pollicis.  Extensor  longiis  poHicis,  Extensor  indicis;  and, 
near  the  wriat,  with  the  anterior  iDterosseous  artery  and  posterior  interosseous 
nerve. 

3.  Inferior  Radio-0Lxar  Artioitlation. 
This  is  a  pivot*joint,  formed  bv  the  head  of  the  ulna  received  into  the  sigmoid 
cavity  at  the  inner  side  of  the  lower  end  of  the  judius.    The  articular  surfaces  are 
covered  by  a  thin  layer  of  cartilage,  and  connected  together  by  the  following  lig- 
aments : 

Anterior  Radio-ulnar.  Posterior  Radio-ulnar. 

In terarticular  Fibro-cartilage. 

The  Anterior  Eadio-uliiar  Ligament  (Fig.  248)  is  a  narrow  band  of  fibres 
extending  from  the  anterior  margin  of  the  sigmoid  cavity  of  the  radius  to  the 
anterior  surface  nf  the  head  ui  the  ulna. 

The  PoBterior  Radio-ulnar  Ligament  (Fig.  249)  extends  between  similar  points 
on   the  posterior  surface  uf  the  articulation 
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Pig.  340.— Ligaments  of  wrii^t  umi  hniul    Postericir  view. 

The  Interarticular  Fibro-cartilage  (Fig,  251)  is  triangular  in  shape,  and  is 
placed  transversely  beneath  the  heutl  of  the  ulna,  binding  the  lower  end  of  this 
bone  and  the  radius  tirraly  together.  Its  circumference  is  thicker  than  its  centre, 
which  is  thin  and  occasionally  perforated.  It  is  attacherl  by  its  apex  to  a  depression 
which  separates  the  styloid  process  of  the  ulna  from  the  head  of  that  bone ;  and 
by  its  ha.se,  which  is  thin,  to  the  jvraniincnt  Qtliie  of  the  radius,  which  separates  the 
sigmoid  cavity  from  the  carpal  articidating  surface.  Its  margins  are  united  to  the 
ligaments  of  the  wrist-joitit.  Its  upper  mirfcire^  smofrth  and  concave,  articulates 
with  the  head  of  the  ulna,  forming  an  arthrodial  joint;  its  under  mrfaee^  also 
concave  and  smooth,  forms  part  of  the  wrist^joint  and  articulates  witli  the  cuneiform 
bone.  Both  surfaces  are  lined  by  a  synovial  membrane — the  up]>er  surface,  by 
one  peculiar  to  the  railio- ulnar  artieulation  ;  the  under  surface,  hy  the  synovial 
membrane  of  the  wrist. 

The  Synovial  Membrane  {Fig.  251)  of  this  articulation  has  been  called,  from 
its  extreme  looseness,  the  membra tia  saci'(formiM :  it  extends  horizontally  inward 
between  the  head  uf  the  ulna  and  the  interartictilar  fibro-cartilage,  and  upward 
between  the  radius  and  the  ulna,  forming  here  a  very  b^ose  cul-de-sac.  The  quan- 
tity of  synovia  which  it  contains  is  usually  considerable. 

Actdons. — The  movement  in  the  inferior  radio-idnar  articulation  is  just  the 
reverse  of  that  between  the  two  bones  above.     It  consists  of  a  movement  of  rota- 
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tion  of  the  lower  end  of  the  radius  round  an  axis  which  corresponds  to  the  centre 
of  the  head  of  the  ulna.  When  the  radius  rotates  forward,  pronatkm  of  the  fore- 
arm and  hatid  is  ihe  result ;  and  when  backward,  mipination.  It  will  thus  be  seen 
that  in  pronation  and  supination  of  the  forearm  and  hand  the  radius  describes  a 
.  BCffment  of  a  cone,  the  axis  of  wliich  extends  from  tlie  centre  uf  the  head  of  the 
tradius  to  the  middle  of  the  head  of  the  ulna*  In  this  movement,  however,  the 
ulna  is  not  quite  stationary,  hut  is  circumducted  a  little  in  tlie  opposite  direction. 
80  that  it  also  describes  the  segment  of  a  cone,  though  of  smaller  size  than  that 
described  by  the  radius.  The  nujvemeni  wliieli  causes  this  alteration  in  the  posi- 
tion of  the  hearl  of  the  ulna  takes  place  principally  nt  the  sljoulder-Joiut  by  a  rota- 
tion of  the  humerus,  but  possibly  also  to  a  slight  extent  at  the  elbow-joint.* 

Surface  Form.— Tlie  position  of  the  inferior  radioulnar  joint  may  be  ascertained  by 
feclin.!?  ibr  a  sliKht  jzroove  at  the  hack  of  the  wrist,  beiweea  the  prominent  head  tif  the 
ulna  aad  tlic  lower  cad  of  the  radius,  when  the  foreLion  b  in  a  state  01  iilniosi  ivtnq>k'te  pri>na* 
tion, 

Vn.  Eadio-carpal  or  Wrist-joint- 

The  Wrist  is  a  condyloid  articulation.     The  part??  entering  into  its  formation 

are  the  lower  end  of  the  radium  and  under  surface 
of  the  interarticular  libro-cartilajy;e,  which  form 
together  the  receiving  cavity,  and  the  sea | dud d, 
semilunar,  and  cuneiform  hones,  which  form  the 
Cimdyle.  The  articular  surface  of  tlje  radius  and 
the  under  surface  of  the  inter-articular  tibro-car- 
tilage  are  the  receiving  cavity,  forming  together 
a  transversely  elliptical  concave  surface.  The 
articular  surfaces  of  the  scaphoid,  semilunar,  and 
cunuiform  bones  form  together  a  smooth,  convex 
surface,  the  condyle,  which  is  received  into  the 
Concavity  above  mentioned.  All  the  bony  sur- 
faces of  the  articulation  are  covered  with  cartilage, 
and  connected  together  by  a  cap^sule,  which  is 
divided  into  the  following  ligaments: 

Externa!  Lateral.  Anterior. 

J  luternal  Lateral.  Posterior. 

"**  The  External  Lateral  Mgament  {radio-carpal) 

(Fig.  '24H)  extend*!!  from  the  suitiinit  of  the  styloid 
process  of  the  radius  to  the  <uiter  side  of  the 
scajihoid,  some  of  its  fibres  being  prolongt^d  to  the 
trapezium  and  auuular  ligament. 

The  Internal  Lateral  Ligament  {ulno^earpat)  is 
a  roundeil  cord,  attached,  above,  to  the  extremity 
of  the  styloid  process  of  the  ulna,  and  dividing 
below  into  two  fasciculi,  which  are  attached,  f»ne 
to  the  inner  side  of  the  cuneiform  bone,  the  other 
to  the  pisiform  bone  and  annuhir  ligament. 

The  Anterior  Ligament  is  a  br<iad  membranous 

hand*  attached,  aliove,  to  the  anterior  margin  of 

the  lower  end  of  the  radius,  its  styloid  process  and 

the  ulna :  its  fibres  ]>ass  dtiwnward  and  inward  to 

be  inserted  into  the  palmar  surface  of  the  scaphoid, 

semilnnar,  and  cuneiforni  bones,  some  of  the  fibres 

being  continued  to  the  os  magniim.     In  addition 

to    this    broad     inemhrane,    there   is    a    distinct 

rounded  fasciculus,  superficial  to  the  rest*  which  ]»asses  from  the  base  of  the  styloid 

process  of  the  ulna  to  the  semilunar  and  cuneiform  hones.      This  ligament  is  per- 

'  See  Jamti.  0/  Anat.  and  Phjfis^  vol.  xii.,  parts  ii,,  iii.,  and  iv. 
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forated  by  numerous  apertures  for  the  passage  of  vessels,  and  is  in  relation,  in 
front,  with  the  tendons  of  the  Flexor  profundus  digitoruni  and  Flexor  longue  pol* 
Hcis ;  behind,  with  the  synovial  memhrane  of  the  wrist-joint. 

The  Posterior  Ligament  (Fig.  249).  less  thick  and  strong  than  the  anterior,  is 
attached,  above,  u^  the  [npsterior  border  of  the  lower  end  of  the  radius;  it*4  fibres 
pass  oblirjuely  downward  find  inward,  to  be  attached  to  the  dorsal  surface  of  the 
scapboid,  semilunar,  and  cuneiform  bones,  being  continuons  with  those  of  the 
dorsal  carpal  ligaments.  This  ligament  is  in  relation,  behind,  with  the  extensor 
tendons  of  fhe  fingers;  in  front,  with  the  synovial  membrane  of  the  wrist. 

The  Synovial  Membrane  (Fig.  251}  lines  the  inner  surface  of  the  ligaments 
above  described,  extending  from  the  lower  end  of  tlie  radius  and  interartieular 
fibro-cartilage  above  to  the  articular  surfaces  of  the  carpal  Ixuics  below.  It  is 
loose  and  lax,  and  presents  numerous  folds,  especially  hehtroL 

Relatiojis. — The  wrist-joint  is  covered  in  front  by  the  Hexor  and  behind  by  tbe 
extensor  tendons  ;  it  is  also  in  relation  with  tbe  radial  and  ulnar  arteries. 

Tbe  Arterk^  supplying  the  joint  are  the  anterior  and  posterior  carpal  branches 
of  the  radial  and  ulnar,  the  interior  and  jiosterior  interosseous,  and  some  ascending 
branches  from  tbe  deep  palmar  arch. 

The  Nerve»   are  derived  tVom  the  ulnar  and  posterior  interosseous. 

Actions  .^ — The  movemems  peinnitted  in  this  joint  are  Hex  ion,  extension,  abduc- 
tion, adduction,  and  circimidur'tion.  Its  actions  will  be  further  studied  with  those 
of  the  carpus,  with  which  they  are  combined. 

Surface  Form.— Tlie  lino  of  the  nidio-earpal  joint  is  on  a  level  with  the  apex  of  the  styloid 
pr*.K*e«!?  of  the  uln:t. 

Surgical  Anatomy. — The  wrist-joint  is  mrely  dislwated,  it8  gtren^^th  depending  mainly 
upuri  thf  nujiMiTuus  strtpui:  tenduriH  which  surroand  the  artic;uhition.  Its  security  is  frirther  ^>ro- 
vided  for  by  the  aiunWr  of  small  hones  of  which  the  carpus  is  made  up,  and  which  are  united 
by  Yer>'  strong  li^auient.s.  The  .flight  aiovrmeut  wliit'h  takes  place  bctwcca  the  sev<fral  ixmes 
series  to  break  the  jiirs  that  result  from  falb  or  blows  on  the  hand.  Disloeatioti  backward, 
wbk'b  is  the  more  ennuuon.  simulates  to  a  considerahle  extent  Colics'  fnu'ture  of  the  radius,  and 
i.«  liahle  to  be  mintJikeu  for  it.  The  diaenusis  can  Ixt  easily  inaile  out  by  uLstryiai!:  the 
relative  ]>t>sitii>u  of  the  styloid  phx-est^es  of  tire  radius  and  the  ulna.  In  the  aatural  eunditioa  the 
styloid  process  of  the  nidi  us  is  on  a  lower  level — /.  f.  nearer  the  gmund — when  the  arm  liaiigs  by 
the  aide,  than  that  oi'the  ulnit,  and  the  same  woulil  be  the  ease  in  dislocation.  In  Colics'  frac- 
ture, iin  the  other  hand,  the  styloid  pnx^eas  of  the  radius  i*  on  the  same,  or  even  a  higher  levd 
than  that  of  the  ulna* 

The  wrist-joifit  is  ueea^ionally  the  seat  of  aeute  s-ynovitis,  the  residt  of  traumatism  or  arising 
in  the  rheumatie  or  pyaMuie  state.  When  the  synovial  sae  is  distended  with  tluid,  tbe  swelling 
is  g^reatest  on  tbe  dorsal  asfjeet  of  the  wrist,  showiu^^  a  peuend  lulness,  with  some  bulging  between 
the  tendons.  The  iuHanmiation  is  prf>ue  to  e.Ktend  to  the  iuteiTarpal  joints  and  to  attack  also 
the  sheaths  of  the  tendons  in  the  neighhorhiXMl.  ( -hronie  iuHauunation  of  the  wriiit  b  genemlly 
tul>ercular.  aad  often  leads  to  similar  disease  iu  the  synovial  sheaths  of  adjacent  tendous  and  of 
the  interearpal  joints-  The  disease,  therefore*  when  progremve,  often  leads  to  necrosia  of  the 
carpal  bones,  and  the  result  is  often  unsatisfactory. 

Vin,  Articulations  of  the  Carpus. 
These  articulations  may  be  subdivided  into  three  sets: 

1,  The  Articulations  of  the  First  Row  of  Carpal  Bones. 

2,  The  ArticulatioiLs  of  tlie  vSecnnd  Row  of  Carpal  Bones. 

3,  The  Articulations  of  the  Two  Rows  with  each  other. 


1.  Articulations  of  the  FmsT  Row  of  Carpal  Bones. 

These  are  arthrodial  joints.     The  ligaments  connecting  the  scaphoid,  semilunar, 
and  cuneiform  bouos  are — 

DorsaL  Palmar. 

Two  Interosseous. 

The  Dorsal  Ligaments  are  placed   transversely  behind   the  bones  of  the  first 

row  ;  they  cimneet  the  scaphoid  and  seinilnnar  and  the  semilunar  and  cuneiform. 

The  Palmar  Ligaments  connect  tbe  scaidioid  and  semilunar  and  the  semihmar 
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sad  eoneifonn  bones ;  they  are  less  strong  than  the  dorsal,  and  placed  Terr  deeply 
ynder  the  anterior  ligament  of  the  wrist. 

The  Interosieoits  Ligaments  (Fig.  2'51)  are  two   narrow  bundles  of  fibrous 
i|jatiie  connecting  the  .nemilunar  bone  on  one  side  with  the  scaphoid,  and  on  the 
lier  with  the  cuneiform.     They  are  on  a  level  with  the  superior  surfaces  of  these 
and  close  the  upper  part  of  the  spaces  between  them.     Their  npper  surfaces 
smooth,  and  form  with  the  bones  the  convex  articular  surfaces  of  the  wrist- 
joint. 

The  ligaments  connecting  the  pisiform  bone  are — 

Capsalar  Two  Palmar  ligaments. 

The  Capsular  Ligament  \%  a  thin  membrane  which  connects  the  pisiform  bone 
^to  the  cuneiform.     It  is  lined  with  a  separate  synovial  membrane. 

The  two  Palmar  Ligaments  are  two  strong  fibrous  bands  which  connect  the 
pisiform  to  the  uncifomi,  x\xt  pho-unciiwtr^  and  to  the  base  of  the  fifth  metacarpal 
.|K>ne,  the  pi^o-metacarpal  ligament  (Fig.  248). 

2.  Articulations  op  the  Second  Row  of  Carpal  Boxes. 

These  are  also  arthrodial  joints*  The  articular  surfaces  are  covered  with  carti- 
lage, and  connected  by  the  following  ligaments: 

Dorsal,  Palmar, 

Three  Interosseous. 

The  Dorsal  Lii^aments  extend  transversely  from  one  bone  to  another  on  the 
dorsal  surface,  connecting  the  trapezium  with  the  trapezoid,  the  trapezoid  with 
the  OS  magnum,  and   the  os  magnum   with  the  imeiforra. 

The  Palmar  Ligaments  have  a  similar  arrantrement  on  the  p^almar  surface. 

The  three  Interosseous  Ligaments,  much  thicker  than  those  of  the  first  row, 
arc  placed  one  between  the  <is  inu^rniira  and  the  unciform,  a  second  between  the 
o»  magnum  and  the  trapezoid,  and  a  third  between  the  trapezium  and  trapezoid. 
The  finst  of  these  is  much  the  strongest,  and  the  third  is  some  rimes  wanting. 
Sometimes  a  slender  interosseous  band  connects  the  os  magnum  and  the  scaphoid. 

8.  Articulations  of  the  Two  Rows  of  Carpal  Bones  with  each  Other. 

The  joint  between  the  scaphoid,  gerailunar,  and  cuneiform,  and  the  second  row 
of  the  carpus,  or  the  7nid-carpaf  Joinf\  is  made  up  of  three  distinct  portions;  in  the 
centre  the  head  of  the  os  magnum  and  the  superior  margin  of  the  unciform 
articulate  with  the  deep,  cup-shaped  cavity  fonned  by  the  scaphoid  and  semilunar 
bones,  and  constitute  a  sort  of  ball-and-f^ocket  joint.  On  the  outer  side  the 
trapezium  and  trapezoid  articulate  with  the  acaphoid,  and  on  the  inner  side  the 
unciform  articulates  with  the  cuneiform,  foiming  gliding  joints. 

The  ligaments  are — 

Anterior  or  Palmar.  External  Lateral. 

Posterior  or  Dorsal.  Internal  Lateral. 

The  Anterior  or  Palmar  Ligaments  consist  of  short  fibres,  which  pass,  for  the 
mo,Ht  parL  frnni  the  jtnlmnr  surface  of  the  bones  of  the  first  row  to  the  front  of  the 
OS  magnuuh 

The  Posterior  or  Dorsal  Ligaments  consist  of  short,  irregular  bundles  of  fibres 
passing  between  the  bones  of  the  first  and  second  row  on  the  dorsal  surface  of  the 
carpus. 

The  Lateral  Ligaments  are  very  short :  they  are  placed,  one  on  the  radial,  the 
other  4m  tlie  ulnar  side  (if  the  carf nis :  the  former,  the  stronger  and  more  distinct, 
connecting  the  scaphoid  and  trapezium  biuies,  the  latter  the  cuneiform  and  unciform  ; 
thev  lire  continuous  with  the  lateral  ligaments  of  the  wrist-joint. 

The  Synovial  Membrane  of  the  Carpus  is  very  extensive :  it  passes  from  the 
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under  surface  of  the  sea{ihoid,  semilunar,  and  cuncifonn  bones  to  the  upper  surface 
of  the  bones  of  tbe  second  row.  sending  upward  two  prolongations — between  the 
scaphoid  and  semilunar  and  the  semilunar  and  cuneiform  ;  sending  downward 
three  prolongations  between  the  four  bones  of  the  second  row,  which  are  further 
continued  onward  into  the  ciirpo-metacarpal  joints  of  the  four  inner  metacarpa! 
bones,  and  also  for  a  short  distance  between  the  metacarpal  bones.  There  is  a 
separate  svnovia!  membrane  between  the  pisiform  and  cuneiform  bones. 

Actions. — The  articulation  of  the  hand  and  wrist,  considered  as  a  whole,  is 
divided  into  three  jmrts  :  (1)  the  radius  and  the  interarticular  fibro-cartilage; 
(2)  the  meniscus,  f*irmed  by  the  scaphoid,  semilunar,  and  cuneiform,  the  pisiform 
bone  having  no  essential  part  in  the  movements  of  the  hand;  (3)  the  hand  propert 
the  metacarpal  bones  with  the  four  carpal  bones  on  which  they  are  supported — viz. 
the  trapezium,  trapezoid,  os  magnum,  and  unciform.  These  three  elements  form 
two  joints:  (1)  the  superior  (wrist-joint  proper),  l>etween  the  meniscus  and  bones 
of  the  forearm  ;  (2)  the  inferior,  between  the  hand  and  meniscus  (transverse  or 
mid-earpal  joint). 

(1)  The  articulation  between  the  forearm  and  carpus  is  a  true  condyloid  artic- 
ulation, and  therefore  all  movements  but  rotation  are  permitted.  Flexion  and 
extension  are  the  most  free,  and  of  these  a  greater  amount  of  extension  than  flexion 
is  perrailted  on  account  of  the  articulating  sui^aces  extending  farther  on  the  dorsal 
than  on  the  palmar  aspect  of  the  carpal  bones*  In  this  movement  the  carpal 
bones  rotate  on  a  transverse  axis  drawn  between  the  tips  of  the  styloid  processes 
of  the  radius  and  ulna.  A  certain  amount  of  adduction  (or  ulnar  tlexion)  and 
abduction  (or  radial  tlexion)  is  also  permitted.  Of  these  the  former  is  considerably 
greater  in  extent  than  the  latter*  In  tliis  movement  the  carpus  revolves  upon  an 
antero-posterior  axis  drawn  through  the  centre  of  the  wrist.  Finally,  circumduction 
is  permitted  by  the  consecutive  movements  of  adduction,  extension,  abduction,  and 
flexion,  with  intermediate  movements  between  them.  There  is  no  rotation,  but 
this  is  provided  for  by  the  supination  and  pronation  of  the  radius  on  tbo  ulna. 
The  movement  of  flexion  is  performed  by  the  Flexor  carpi  radialis,  the  Flexor 
carpi  ulnaris,  and  the  Palmaris  longus  ;  extefiMon^  by  the  Extensor  carpi  radialis 
longior  et  brevier  and  the  Extensor  carpi  ulnaris  ;  adduction  (ulnar  flexion),  by  the 
Flexor  carpi  ulnaris  and  the  Extensor  carpi  ulnaris;  and  abdneiion  (radial  flexion), 
by  the  Extensors  of  the  thumb  and  the  Extensor  carpi  radialis  longior  et  brevior 
and  the  Flexor  carpi  radialis. 

(2)  The  chief  movements  permitted  in  the  transverse  or  mid-carpal  joint  are 
flexion  and  extension  and  a  slight  amount  of  rotation.  In  flexion  and  extension, 
which  is  the  movement  most  freely  enjoyed,  the  trapezium  and  trapezoid  on  the 
radial  side  and  the  unciform  on  the  ulnar  side  glide  forward  and  backward  on  the 
scaphoid  and  cuneif<vrm  respectively,  while  the  head  of  the  os  magnum  and  the 
superior  surface  of  the  unciform  rotate  in  the  cup-shaped  cavity  of  the  scaphoid 
and  semibmar.  Flexion  at  this  joint  is  freer  than  extension.  A  very  trifling 
amount  of  rotation  is  also  permitted,  the  head  of  the  os  magnum  rotating  round  a 
vertical  axis  drawn  through  its  own  centre,  while  at  the  same  time  a  slight  gliding 
movement  takes  place  in  the  lateral  portions  of  the  joint. 


IX.  Carpo-metacarpal  Articulations. 

1.  Articulation  of  tue  Metacaepal  Bone  of  the  Thumb  with  the 

Trapezium. 

This  is  a  joint  of  reciprocal  reception,  and  enjoys  great  freedom  of  movement, 
on  account  of  the  configuration  of  its  articular  surfaces,  which  are  saddle-shaped, 
80  that,  on  section,  each  bone  appears  to  be  received  into  a  cavity  in  the  other, 
according  to  the  direction  in  wliich  they  are  cut.  Its  ligaments  are  a  capsular 
ligament  and  a  synovial  membrane. 

The  Capsular  Ligament  is  a  thick  but  loose  capsule  which  passes  from  the 
circumference  of  the  upper  extremity  of  the  metacarpal  bone  to  the  rough  edge 
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bounding  the  articular  surface  of  tlie  trapezitim ;  it  is  thickest  externally  and 
behind,   and  lined  by  a  at'[iarate  synovial  membrane. 

Movements* — In  the  articulation  of  the  metacarpal  bone  of  the  thumb  with  the 
trapezium  the  movements  permitted  are  flexion,  extension,  adduction,  abduction, 
and  circumduction.  When  the  joint  m  tiexed  the  metacarpal  bone  is  bnHight  in 
front  of  the  palm  and  the  thumb  J8  gradually  turned  to  the  fingers*  It  h  by  this 
peculiar  movement  that  the  tip  of  the  thumb  is  opposed  to  the  other  digits;  for 
by  slightly  flexing  the  fingers  the  palmar  surface  of  the  thumb  can  be  brought  in 
contact  with  their  palmar  surfaces  one  after  another* 

2,  Articulations  of  the  Metacarpal  Bones  op  the  Four  Ixxer 
Fingers  with  the  Carpus. 

The  joints  formed  between  the  carpus  and  four  inner  metacarpal  bones  are 
arthrodial  joints.     The  ligaments  are — 

Dorsal,  Palmar* 

Interosseous. 

The  Dorsal  Ligaments,  the  strongest  and  most  distinct,  connect  the  carpal  and 

metacarjial  bones  on  their  dorsal   surface.      The  second  metacarpal  bone  receives 

two  fasciculi^ — one  from   the  trapezium,  the  other  from  the  trapezoid;  the  thinl 

metacarpal  receives  two — one  from  the  trapezoid  and  one  from  the  os  magnum ; 

the  fourth  two — one  from  the  os 
magnum  and  one  frotn  the  unciform  ; 
the  fifth  receives  a  single  fuseieulus 
from  the  unciform  bone,  which  is 
continuous  with  a  similar  ligament 
on  the  palmar  surface,  forming  an 
incomplete  capsitle. 

The  Palmar  LigamemtB  have  a 
s  om  e  what  si  m  i  I  a  r  a  r  ra  1 1  ge  in  e  n  t  •  ui  t  h  e 
palmar  surface,  with  the  exception 
of  the  third  metacarpal,  which  has 
three  ligaments — an  external  one 
frnm  the  trapezium,  situated  above 
thd'  sheath  of  the  tendon  of  the 
Flexor  carpi  radialis:  a  midille  one, 
from  the  os  niugnutu  ;  and  an  inter- 
nal one.  from  the  unciform. 

The  Interosseous  Ligaments  con- 
sist of  short,  thick  fibres,  whicli  are 
limited  to  one  part  of  the  carpo- 
metacarpal articulation ;  they  con- 
nect the  contiguous  inferior  angles 
of  the  OS  uiagnum  and  unciform  with 
the  adjacent  surfaces  of  the  third 
and  fourth  metaearjval  bones. 

The  Synovial  Membrane  is  a  con- 
tinuation  of  that   hetWL'en   the   two 
rows  of  carpal  bones.     Occasionally,  the   articulation   of  the   unciform   with   the 
fourth  and  fifth  metacarpal  brmes  has  a  se|mrate  syntjvial  membrane. 

The  synovial  membranes  of  the  wrist  and  carpus  (Fig,  2/>l)  are  thus  seen  to 
be  five  in  number.  The  fimU  the  mcmbrana  saeeiformu,  passes  from  the  lower 
end  of  the  ulna  to  the  sigmoid  cavity  of  the  radius,  and  lines  the  upper  surface 
of  the  intorarticular  fibro-cartilage.  The  xcvond  passes  from  the  lower  end  of 
the  radius  and  interarticuhir  fibro-cartilage  above  to  the  bones  of  the  fii'st  row 
below*  The  thirds  the  most  extensiv**,  |>asses  between  the  contiguous  margins  of 
the  two  rows  of  carpal  bones-^betwecn  the  bnut's  r>f  the  second  row  to  the  carpal 
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extremitiea  of  the  four  inner  metacarpal  bones.  The  fourth^  from  the  margin  of 
the  trapezium  to  the  metacarpal  bono  of  the  thumb.  The  fifths  between  the 
adjacent  marfrijis  of  the  cuueifonn  ami  pisiform    bones. 

Actions. — ^The  nioveiiient  permitted  in  tlie  carpo-uietacarpal  articulations  of  the 
four  inner  fingers  h  limited  to  a  slight  gliding  'if  the  articular  8urface3  n\\on  each 
other,  the  extent  of  which  varies  in  the  different  joints.  Thus  the  articulation  of 
the  metacarpal  bone  of  the  little  finger  is  most  movable,  then  that  of  the  ring 
finger.  The  metacarpal  bonci*  of  the  index  and  middle  fingers  are  almost 
immovable. 


artictdatian* 
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3.  Articulatioxs  of  the  Metacarpal  Bones  with  each  other. 

The  carpal  extremities  of  the  four  inner  metacarpal  bones  articulate  with 
one  another  at  each  i*ide  by  small  .surfaces  covered  with  cartilages,  and  connected 
together  by  dorsal,  palmar,  and  interns.seous  ligaments. 

The  Dorsal  and  Palmar  Ligaments  pass  transversely  from  one  bone  to  another 
on  the  dorsal  and  palmar  surfaces.  The  Intermseoim  Ligaments  pass  between 
their  contiguous  surfaces,  just   beneath   their  lateral  articular  facets. 

The  Synovial  Membrane  between  the  lateral  facets  is  a  reflection  from  that 
between  the  twc>  rows  of  earjKil   bones. 

The  Transverse  Metacarpal  Ligaments  (Fig.  252)  is  a  narrow  fibrous  band  which 
passes  transversely  across  tlie  anterior  surfaces  of  the  digital  extremities  of  the  four 
inner  metacarpal  bones,  connecting 
them  together.  It  is  blended  an- 
teriorly with  the  anterior  (glenoid) 
ligament  of  the  metacarpal- phalan- 
geal articulations.  To  its  posterior 
border  is  connected  the  fascia  which 
covers  the  Interossei  muscles.  Its 
superficial  surface  is  concave  where 
the  flexor  tendons  j^ass  over  it.  Be- 
neatTi  it  the  tendons  of  the  Inter- 
ossei  muscles  pass  to  their  insertion. 

X.  Metacarpo-phalangeal  Articu- 
lations (  Fig,  1'52). 

These  articulations  are  of  the 
condyloid  kind,  formed  by  the  re* 
ception  of  the  rounded  head  of  the 
metacarpal  bone  into  a  superficial 
cavity  in  the  extremity  of  the  first 
phalanx.  The  ligaments  are — 
Anterior. 
Two  Lateral. 

The  Anterior  Ligaments  (Gh^noul 
Litjament^  of  ( 'vuvcilhicr)  are  thick, 
dense,  fibrous  structures,  placed  on 
the  palmar  surface  of  the  joints  in 
the  intervals  between  the  lateral 
ligaments,  to  which  tliey  are  con- 
nected; they  are  loosely  united  to 
the  metacarpal  bone,  but  very  firmly 
to  the  base  of  the  flrst  pba hinges. 
Their  palmar  surface  is  intimately 
blended  with  the  transverse  metacar- 
pal ligament,  and  presents  a  gnjove  for 
the  passage  of  the  tlexor  tendons,  the 
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flheatli  surrouDding  which  is  connected  to  each  side  of  the  groove.  By  their  de»p 
surface  they  form  part  of  the  articukr  surface  for  the  head  of  the  metacarpal  bone, 
and  are  lined  by  a  synovial  membrane. 

The  Lateral  LigaMemts  are  strong,  rounded  cords  placed  one  on  each  side  of 
the  joint,  each  ijciiig  attached  by  one  extremity  to  the  posterior  tubercle  on  the 
side  of  the  head  of  the  metacarpal  bone,  and  by  the  other  to  the  contiguous 
extremity  of  the  phalanx. 

Actions. — The  movements  which  occur  in  these  joints  are  flexion,  extension, 
adduction,  abduction,  and  circumduction  ;  the  lateral  movements  are  very  limited. 

Surface  Form. — The  proiiiineuces  of  the  kuuekles  do  not  eorrespcmd  to  the  poeitioTi  of  the 
joints  eilhcr  of  the  metacar|wi-j>hiilangcal  or  interphalan^^cal  arhi'ulatiorih.  Tliei*e  pnjmineuc^^ 
are  iiiviiriably  formed  by  the  (iistal  ends  of  the  proximal  bone  of  eaeh  joint,  and  tne  line  indi- 
cating^ the  position  of  the  joint  must  be  sought  eijnsiderably  in  front  of  the  middle  gf  the  knnetle. 
The  iiBual  rule  tor  finding  the^e  joints  is  to  Hex  the  distal  phalanx  on  the  proximal  one  to  a  right 
an^le :  the  position  of  the  joint  is  then  indicated  by  an  imaginary  line  drawn  along  the  middle  of 
the  lateral  aspect  of  the  proximal  phalanx. 

XI.  Articulations  of  the  Phalanges. 
These  are  ginglymus  joints.     The  ligaments  are- 
Anterior.  Two  Lateral. 

The  arrangement  of  these  ligaments  is  similar  to  those  in  the  metacarpo- 
phalangeal articulations ;  the  extensor  tendon  supplies  the  place  of  a  posterior 
ligament. 

Actions.— The  only  movements  pennitted  in  thp  phalangea!  joints  are  flexion 
and  extension  ;  the.se  movement8  are  more  extensive  between  the  first  and  second 
phahmges  than  between  the  second  and  third.  The  movement  of  flexion  is  very 
considerable,  biit  extension  is  limited  bv  the  anterior  and  lateral  ligaments. 


ARTICULATIONS  OF  THE  LOWER  EXTREMITY. 

The  articulations  of  the  Lower  Extremitv  comprise  the  following  gronps : 
L  The  bip'joint,  II.  The  knee-joint.  III.  'fbe  articulations  between  the  tibia 
and  flbula.  IV.  The  ankle-joint.  V.  The  articulations  of  the  tarsus*  VI.  The 
tarso-metatarsal  articulations.  VI L  The  metatarso- phalangeal  articulations. 
A^IIL  The  articulations  of  the  phalanges. 

I.  Hip-joint  (Fig.  253). 

This  articulation  is  an  enarthrodial  or  ball-and-socket  joint,  formed  by  the 
reception  of  the  head  of  the  femur  into  the  cnp-shaped  cavity  of  the  acetahulnm. 
The  articulating  surfoees  are  covered  with  cartilage,  that  on  the  head  of  the  femur 
being  thicker  at  the  centre  than  at  the  circumference,  and  covering  the  entire 
surface,  with  the  exception  of  a  depression  just  below  its  centre  for  the  ligamentum 
teres ;  that  covering  the  acetabulum  is  much  thinner  at  the  centre  than  at  the 
circumference.  It  forms  an  incomplete  cartilaginous  ring  of  a  horseshoe  shape, 
deficient  below  and  in  front,  and  having  in  its  centre  a  circular  depression,  which 
is  occupied  in  the  recent  state  by  a  mass  of  fat  covered  by  synovial  membrane. 
The  ligaments  of  the  joints  are  the 

Capsular.  Teres. 

Ilio- femoral.  Cotyloid. 

Transverae. 

The  Capsular  Ligament  is  a  slrong,  dense,  ligamentous  capsule,  embmcing  the 
margin  of  thr  acetabulum  above  and  surrounding  the  neck  of  the  femur  below. 
Jts  uppvr  rirL'Ht/ifer*'n<'t'  is  attached  to  the  acctabulumt  above  and  behind*  two  or 
three  lines  external  to  the  cotyb>i<l  ligament ;  but  in  front  it  is  attached  to  the 
outer  margin  of  this  ligament,  and  opposite  to  the  notch  where  the  margin  of  this 
cavity  is  deficient,  it  is  connected  to  the  transverse  ligament,  and  by  a  few  fibres 
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to  the  edge  of  the  obturator  foramen.  Its  lower  circumference  surrounds  the  neck 
of  the  femur,  being  attached,  in  front,  to  the  spiral  or  anterior  intertrochanteric 
line  ;  above,  to  the  base  of  tbe  neck ;  behind,  to  the  neck  of  the  bone,  about  half 
an  inch  abiive  the  posterior  intertrochanteric  line.  From  this  insertion  the  fibres 
are  redceted  upward  over  the  neck  of  the  femur,  formintr  a  sort  of  tiihuL^r  j<beath 
(the  cervical  reflection),  which  blende  with  the  periosteum  and  can  be  traced  as  far 
as  the  articular  cartilage.  It  is  much  thicker  at  the  tipper  and  fore  part  of  the 
joint,  where  the  greatest  amount  of  resistance  is  required,  than  helow  and  internally, 
where  it  is  thin,  loose,  and  longer  than  in  any  other  part.  It  consists  of  two  sets 
of  fibres,  circular  and  longitudinal.  The  circular  fibres  are  most  abundant  at  the 
lower  and  back  part  of  the  capsule,  while  the  longitudinal  fibres  are  greatest  in 
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Fig.  25S.— Left  hip-JoJot  luld  ij|>eu. 

mmoimt  at  the  upper  and  front  part  of  the  capsule,  where  they  fonu  distinct  bands 
or  accessory  ligaments,  of  which  the  most  important  is  the  ilio-femoraL  The 
other  accessory  bands  are  kn(>wn  as  the  pubo-femoral,  passing  from  the  ilio- 
pectineal  eminence  to  the  front  of  the  capsule  ;  ilio-trochanterii\  from  the  anterior 
inferior  spine  of  the  ilium  to  the  fnuit  of  the  great  trochanter  ;  and  iHtyhio-capsuhrr^ 
passing  from  the  ischium,  just  below  the  acetabulum,  to  blenil  with  the  circular 
fibres  at  the  lower  part  of  the  joint.  The  external  surface  (Fig.  289,  page  837)  is 
rough,  covered  by  numerous  muscles,  and  se])arated  in  front  from  the  Psoas  and 
Iliac  us  by  a  synovial  bursa,  which  not  unfrerjuently  communicates,  by  a  circular 
aperture,  with  the  cavity  of  the  joint.  It  differs  from  the  capsular  ligament  of  the 
shoulder  in  being  much  less  loose  and  lax,  and  in  not  being  perforated  for  the 
passage  of  a  tentlon. 

The  nio-femoral  Ligament  (Figs.  *28t^  and  264)  is  an  accessory  band  of  fibres 
extending  oblirpiely  across  the  front  of  the  joint;  it  is  intimately  connected  with 
the  capsular  ligament,  and  serves  to  strengthen  it  in  this  situation.  It  is  attached, 
above,  to  the  lower  part  of  the  antcrioi-  inferit>r  spine  of  the  ilium  ;  and,  diverging 
below,  forms  two  bands,   of  which   one  passes  downward  tf>  be  inserted  into  the 
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lower  part  nf  the  anterior  intertrochanteric  line :  the  other  passes  downward 
and  outward  to  be  inserted  into  the  upper  part  of  the  same  line  and  adjacent 
part  of  the  neck  of  the  femur.  Between  the  two  bands  is  a  thinner  part  of  the 
capsule.  Sometimes  there  is  no  division,  but  the  litrmuent  spreads  out  into  a  flat, 
triangular  band,  which  is  attached  behiw  into  the  whole  length  of  the  anteriirr  inter- 
trochanteric line.  This  ligament  is  freijuently  called  the  Y-shaped  ligament  of 
Bigelow.     Its  upper  hand  is  the  ilio-troebanteric  ligament. 

The  Ligamentiim  Teres  is  a  triangtdar  Imnd  implanted  hj  its  apex  into  the 
depression  a  little  behind  and  beh>w  the  centre  of  the  head  of  the  femur,  and 
hy  its  broad  bjise  into  the  margins  of  the  cotjb>id  notch,  becoming  blended  with 
the  transverse  ligament.  It  is  formed  of  connective  tissue,  surrounded  by  a  tubular 
sheath  of  synovial  membrane.  Sometimes  puIv  the  synovia!  fohl  exists,  or  the 
ligament  may  be  altogether  absent.     The  ligament  is  made  tense  when  the  hip  is 

semiflexed,  and  the  !imb  then  adducted  and 
rotated  outward;  it  is,  on  the  other  hand, 
relaxed  when  the  limb  is  abducted.  It  has, 
however,  but  little  influence  as  a  ligament, 
though  it  may  to  a  certain  extent  limit  move- 
.  ment,  and  W(uild  appear  to  be  merely  a  modi- 
fication  of  the   folcls    which   in  other  joints 
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Fig*  25&.— Vertical  section  throuifh  hip-Joint.    ( I1enle4 


fringe  the  margins  of  reflection  of  synovial  membranes  (see  page  314). 

The  Cotyloid  Ligament  is  a  fibro-eartilaginous  rim  attached  to  the  margin  of 
the  acetabulum,  the  cavity  of  which  deepens;  at  the  same  time  it  proteeta  the 
edges  <tf  the  bone  and  fills  up  the  ine4ualities  on  itB  surface.  It  bridges  over  the 
noTeh  as  the  tranmevHe  lujament,  and  thus  furms  a  complete  circle,  wliich  closely 
surrounds  the  head  of  the  femur,  and  assists  in  holding  it  in  its  place,  acting  as  a 
gort  of  valve.  It  is  prismoid  in  form,  its  base  being  attached  to  the  margin  of  the 
acetabulum,  and  its  opposite  edge  being  free  and  sharp;  whilst  its  two  surfaces 
are  invested  by  synovial  membrane,  the  external  one  being  in  contact  with  the 
capsular  ligament*  the  internal  one  being  inclined  inward,  so  as  to  narrow  the 
acetabulum  and  embrace  the  cartjlaginous  surface  of  the  head  of  the  femur.  It 
is  much  thicker  above  find  behind  than  below  and  in  front,  and  consists  of  close, 
compact  fibres,  which  arise  from  different  points  of  tlie  circumference  of  the 
acetabulum  and  interlace  with  each  other  at  very  acute  angles. 

The  Transverse  Ligament  is  in  reality  a  portion  of  the  cotyloid  ligament. 
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though  differing  from  it  in  having  no  nests  of  cartilage-cells  amongst  its  fibres. 
It  consists  of  strong,  flattened  fibres,  which  cross  rhe  notch  at  the  lower  part  of  the 
acetabulum  and  convert  it  into  a  foramen.  Thus  an  interval  is  left  beneath  the 
ligament  for  the  ])  as  sage  of  nutrient  vej^sels  to  the  joint. 

The  Synovial  Membrane  is  very  extensive.  Commencing  at  the  margin  of  the 
cartilaginous  surface  of  the  head  of  the  femur,  it  covers  all  that  portion  of  rbe 
neck  which  is  contained  within  the  joint;  from  the  neck  it  is  reflected  on  the 
internal  surface  of  the  capsular  ligament,  covers  both  surfaces  of  the  cotyloid  liga- 
ment and  the  mass  of  fat  contained  in  the  depression  at  the  bottom  of  tlie  acetab- 
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Via.  266.— Relation  of  muscks  to  hlpjoint,    {Heulifj 


ulum,  and  is  prolrmged  in  the  form  of  a  tubular  sheath  around  the  ligaraentum 
teres  as  far  as  the  head  of  the  femur. 

The  muscles  in  relation  wirh  the  joint  are,  in  front,  the  Psoas  and  Iliacus, 
separated  from  the  capsular  ligament  by  a  synovial  bursa ;  above,  the  reflected 
head  of  the  Rectus  and  Gluteus  minimus,  the  latter  being  closely  adherent  to  the 
capsule:  internally,  theOhturat<>r  externusand  Pectineus;  behind,  tbePyriformia, 
Gemellus  superior,  Obturator  internus.  Gemellus  inferior,  Obturator  externus,  andJ 
Quad  rat  us  femoris  (Fig.  256). 

The  arteries  supplying  the  joint  are  derived  from  the  obturator,  sciatic,  internal 
circumflex,  and  gluteaL 

The  nerves  are  articular  branches  from  the  sacral  plexus,  great  sciatic,  obtu- 
rator, accessory  obrurator,  and  a  filament  from  the  branch  of  the  anterior  crural 
supplying  the  Rectus. 

Actions. — The  movements  of  the  hiji,  like  those  of  all  cnartbrodial  joints,  are 
very  extensive ;  they  are  fiexion,  extension,  adduction,  abduction,  circumduction, 
and  rotation. 

The  hip-joint  presents  a  very  striking  contrast  to  the  other  great  enarthrodial 
joint^ — the  shoulder — in  the  much  more  complete  mechanical  arrangements  for  Its 
security  and  fru'  the  limitation  (jf  its  uiovemeiits.  In  the  shoulder,  as  we  have  seen, 
the  head  of  the  humerus  is  not  adapted  at  all  in  sha|»e  to  the  glenoid  cavity,  and  is 
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hardly  restrained  in  any  of  its  ordinary  movements  by  the  capsular  ligament.  In 
the  hip-joint,  on  tlie  contrary,  the  head  of  the  femur  is  elosely  fitted  to  the  acetab- 
ulum for  a  distance  extending  over  nearly  tin  If  a  sphere,  and  at  the  margin  of 
the  hony  cu|i  it  is  still  more  ck*sely  embraced  by  the  ligamentous  ring  of  the 
cotyloid  ligament,  so  tbat  the  head  of  the  femur  is  held  in  its  [dace  by  that 
ligament  even  when  the  fibrei*  of  the  capsule  have  been  quite  divided  (Humphry), 
The  anterior  portion  of  tbe  capsule,  described  as  the  ilio-fcmoral  or  accessory 
ligament,  is  tbe  strongest  of  ail  the  ligaments  in  the  body,  and  is  put  on  the  stretch 
by  any  attempt  to  extend  the  femur  beyond  a  straight  line  with  the  trunk.  Tbat 
is  to  say,  this  ligament  is  the  chief  agent  in  maintaining  tbe  erect  position  withont 
muscular  fatigue,  the  action  of  the  extensor  musck^s  of  the  buttock  being  balanced 
by  the  tension  of  tbe  ilio-femoral  and  capsular  ligaments.  The  security  of  the 
joint  may  be  also  provided  for  by  the  two  bones  being  directly  united  through 
the  ligamentum  teres;  but  it  is  doubtful  whether  this  so-called  ligament  can 
have  much  influence  upon  tbe  mechanism  of  the  joint.  Flexion  of  the  hip-joint 
is  arrested  by  tlie  soft  parts  of  the  thigh  and  abdomen  being  brougbt  into 
contact;^  extension,  by  the  tension  of  tbe  ilio-femoral  ligament  and  front  of  the 
capsule;  ad<ltiction,  by  tbe  thighs  coming  into  contact;  adduction,  with  flexion  by 
the  outer  band  of  the  ilio-femoral  ligament,  tbe  ilio-trochanteric  ligament,  the 
outer  part  of  the  capsular  ligament ;  abduction,  by  the  inner  band  of  tbe  ilio-femoral 
ligament  and  tbe  pubo-femora!  band ;  rotation  outward,  by  the  outer  hand  of  the 
iliu-feraoral  ligament :  and  rotation  inward,  by  the  iscbio-capsular  ligament  and 
the  hinder  part  of  the  capsule.  Tbe  muscles  which  flex  the  femur  on  tbe  pelvis 
are  the  Psoas,  Iliacus,  Rectus,  iSartorius,  Pectineus.  Adductor  lougus  and  brevis, 
and  the  anterior  fibres  of  the  tiluteus  medius  and  minimus.  Ejrtenmon  is  mainly 
performed  by  the  Gluteus  maximus,  a,ssisted  by  the  bamstring  muscles,  Tbe 
thigh  is  (tdfhieted  by  the  Adductor  magnus,  longus  and  brevis,  the  Feet  incus, 
and  Gracilis,  and  ahiitteted  by  the  Gluteus  niaximus,  medius^  and  minimus.  The 
muscles  which  rotfUe  the  rhigb  hfwartf  are  tbe  anterior  fibres  of  the  Gluteus 
medius,  tbe  txluteus  minimus^  and  the  Tensor  vagina?  femoris ;  while  those  which 
rotate  it  outwanf  are  the  jiosterior  fibres  of  the  Gluteus  medius,  the  Pyriformis, 
Obturator  externus  and  interuus.  Gemellus  superior  and  inferior,  Quadratns  femoris. 
Psoas,  Iliacus,  Gluteus  maximus,  the  three  Adductors,  tbe  Pectineus,  and  tbe 
Sartorius. 

Surface  Form. — A  line  drawn  from  the  anterior  superior  spinous  nroeeas  of  the  iliuin  to 
the  luo^t  j)n>uioii'iit  part  of  the  tubiTosity  of  the  ist^biain  (N^^iatou'a  fine)  nms  through  the 
centre  of  the  lyetabulum,  and  would,  therefore^  indicate  the  level  of  the  hip-joint ;  or,  in  other 
wordst  the  up]»er  burd»?r  of  the  great  trix'hanter^  which  lies  ou  N^laton's  line,  is  on  a  level  with 
the  L-entr*!  of  the  hi]r  joint. 

Surgical  Anatomy.^  In  disloeiition  of  the  hip  *^  the  head  of  tbe  thighbone  may  rest  at 
any  point  lunurid  its  s<H'ket''  I  Bryunt  I :  hut  wbutever  position  the  head  ultimately  assumes,  the 
primary  displtirenient  is  giiiiendly  downward  and  inward,  the  capsule  kdvinL''  way  at  its  weakest — 
that  is^  its  lower  and  inner — part.  The  situation  tbat  the  head  of  the  bone  Mnbseiiuently  assumes 
is  determined  by  the  deirree  of  flexion  or  extension*  and  of  outward  or  inward  rofation  of 
the  thi^h  at  the  njonjent  of  luxation,  influenced,  no  doubt,  bv  the  iliofetnoral  ligament,  which 
is  not  eiLsily  ruptured.  Wlien,  for  inskoi<*e^  the  head  is  foreed  backward,  this  ligHment  thrms  a 
fixed  axi^,  round  whit  h  the  bead  of  thf  hone  nfiatcj*.  ami  in  thus  driven  on  to  the  dopnni  ot  the 
ilium.  The  iliofemoral  hgument  also  intluenees  the  p^isition  of  the  thi^h  in  the  variouB  dislo<j^- 
tions:  in  the  diHloeutiouH  hin-kwanl  it  is  tense,  ami  produees  inversion  of  the  limb;  in  the 
dislocation  on  to  the  puhes  it  is  reUixed^  and  therefore  alluws  the  external  rotat<rrs  in  evert  the 
thich  ;  while  ill  the  thyroid  dislofalinn  it  is  tense  and  produi^n^^  flexion.  The  muselcs  inserted 
into  the  upper  ]«irt  of  the  fenoir,  with  the  exeeption  of  ibe  Obturator  internui^,  have  very  little 
direct  influenee  in  determiniuir  the  po.siti(ui  of  the  Imne.  But  Bjtrelow  has  endeavored  to  show 
that  tbe  Ghturatur  intern ns  is  the  prinei[>al  agent  in  deterndnin^  wbetberT  in  the  backward 
disloi'Ations,  the  bead  of  the  bone  shull  be  ultiiUEitely  lodired  on  the  dorsum  of  tbe  ilium  or  in 
or  near  the  st^iatie  notch.  In  both  disliK-ations  the  head  piLsses,  in  tbe  first  instance,  in  the 
same  (hrection  ;  hot.  as  Bicelow  asserts,  in  the  displacement  on  to  tbe  dorsum,  the  bead  of  tbe 
bone  travels  up  behind  the  aeetahuhim,  between  the  muscle  and  the  pet  via;  while  in  the  disloca- 

^  The  hip-joint  i:«iinol  be  completely  flexe<l,  in  most  t>ersons,  without  at  the  same  time  flexing 
the  kitee,  on  a^-coont  of  the  shortness  of  the  hamstring  muscles. — Cleknd^  Journ.  of  AnaL  atid  Phys^ 
No.  1,  Old  Series,  p,  87. 
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tion  into  the  seiiitie  noteb,  the  head  piloses  behind  the  muscle,  and  is  therefore  prcvent4tjd  frum 
reaching  the  dorsum,  in  tNinsequencc  nf  the  tendon  of  the  muscle  arching  over  the  neck  of  the 
bone,  and  so  remains  in  the  neighborhood  of  the  sciatic  notch.  Bigclow*  therefore,  distinguishes 
these  two  forms  of  dislocation  by  describing  them  as  dislocations  backward,  *'  above  and  lielow/' 
the  Obturator  internus. 

The  ilio- femoral  ligament  is  rarely  torn  in  dislocations  of  the  hip,  and  this  fact  is  taken 
advantage  of  by  the  surgeon  in  reducing  these  dislocations  by  manipulation.  It  h  made  to  act 
as  a  fulcrum  to  a  levers  of  which  the  long  arm  is  the  shatl  of  the  femur,  and  the  short  arm  the 
neek  of  the  bone. 

The  hip-Joint  is  rarely  the  seat  of  acute  synovitis  iVom  ii\jury,  on  acK^ount  of  its  deep 
ptisition  ana  Ms  thick  covering  of  soft  parts.  Acute  inflammation  may,  and  does,  frequently 
occur  as  the  rcsidt  of  constitutional  conditions,  as  rheimifllisra,  ovicmia.  etc.  When,  in  these 
oases,  effuaion  takes  place^  and  the  joint  becomes  dihtcnded  with  fluid,  the  swellinjt^  is  not  very 
eai^y  to  detect  on  account  of  the  thickness  of  tlii'  capsule  and  the  depth  of  the  articubtjon.  Ti 
15  principally  to  be  found  on  the  fn:»nt  of  the  joiof,  just  internal  to  the  iho- femoral  ligament ; 
or  oehind,  at  the  lower  and  back  f)art.  In  these  two  places  the  capsule  is  thinner  than 
elsewhere.  Disease  of  the  hip-joint  is  much  more  frequently  of  a  chronic  character  and  is 
usually  of  a  tubt^rcular  origin.  It  begins  either  in  the  Ix/nes  or  in  the  synovial  memhnine» 
more  fr<xinently  in  the  lormer,  and  probably,  in  roost  cases,  at  the  growing,  highly  vascular 
tissue  in  the  neighhorhood  of  the  epipliysial  rLUuli-"  .  In  this  resjiect  it  differs  ver>'  materially 
from  tubercular  arthritis  of  the  knee,  wheri-  tin  disease  usually  commences  in  the  synovial 
membrane.  The  reasons  for  this  are  twofold  :  first,  this  part  being  the  centre  of  rapid  growth, 
its  nutrition  is  unstable  and  apt  to  puss  into  intJammator>'  action;  and,  secondly,  great 
strain  is  thrown  upon  it,  from  the  frequency  of  falls  and  blows  upon  the  hip,  which  causes 
CTushing  of  the  epiphysial  cjurtilatje  or  the  cancellous  tissue  in  its  neigliborhood,  with  the  results 
likely  to  follow  such  an  iiyury.  In  addition  to  these,  the  depth  of  the  joint  protects  it  from  the 
causes  of  synovitis. 

In  chrtmie  hip-disease  the  affected  limb  assumes  an  altered  piisition,  fbe  cause  of  which  it 
is  important  to  understand.  In  the  early  stage  of  a  typical  case  the  limb  is  flexed,  abducted, 
and  r<:itate<l  outward.  In  this  positi<m  all  the  ligaments  of  the  joint  are  relaxed  :  the  front  of 
the  capj?ule  by  flexion  ;  the  outer  liand  of  the  ilio- femoral  ligament  by  abduction  ;  and  the 
inner  hand  id'  this  ligament  and  the  bjick  of  the  capsule  by  rotation  outward.  It  is,  therefore, 
the  pc^sition  of  the  greatest  ease.  The  condition  is  not  quite  obvious  at  first  UThrm  examining  a 
patient.  If  the  patient  is  laid  in  the  supine  position,  tlie  afli'Cted  limb  will  be  Ibnnd  to  he 
extended  and  parallel  with  the  other.  But  it  will  be  found  that  the  pelvis  js  tiiteil  downward 
on  the  diseased  sivle  an<l  the  limb  apparently  longer  than  its  fellow,  and  that  the  lumbar 
spine  is  arched  forward  (lordosis L  It  now  the  thigh  is  abducted  and  flexed,  the  lilting  rlown- 
ward  and  the  ar<.'hing  forward  of  the  pelvis  disappears.  The  condition  is  thus  explained.  A 
limb  which  is  flexed  nnd  abducted  is  cmviously  ustdess  for  prcjgression,  and,  in  onier  to  over- 
come  the  difficultv,  the  patient  dcpa^&*es  the  affected  side  of  Ins  jjclvis  in  order  tu  prmluce 
parallelism  of  his  limbs,  and  at  the  same  time  riitates  his  riclvis  on  its  transverse  hurizontjil  axis, 
80  as  to  direct  the  limb  downward  in,'*tead  of  forward.  In  the  latter  stages  of  the  disease  the 
Umb  becomes  flexed  and  abifucted  and  inverted.  This  position  probably  depends  upon  muscular 
action,  at  all  events  as  regards  the  adduction*  The  Adductor  mus«'les  are  supplie<l  by  the 
obturator  nerve,  which  also  largely  supplies  the  joint.  These  muscles  are  therefore  thrown  into 
reflex  action  by  the  irritation  of  the  peripheral  tenninations  of  this  nerve  in  the  inflamed  artic* 
ulation,  Osteu-arthritis  is  tiot  uncommon  in  the  hip-joitit,  and  it  is  said  to  be  more  common  in 
the  male  than  in  the  lemide.  in  whom  the  knee-joint  is  nioR^  frequently  affected.  It  isadist}ase 
of  middle  age  or  more  advanced  jjiriod  of  life. 

Congenital  disli^cntion  is  morecommonly  met  with  in  the  hip-joint  than  in  any  other  articula- 
tion. The  displat^ement  usually  takes  place  on  to  the  dorsum  ilii.  It  gives  rise  to  extreme 
lordosist  and  a  wadtUing  gait  is  noticed  as  soon  as  the  child  ixnnmences  to  walk. 

Excision  of  the  hip  may  be  required  for  disease  or  for  injury,  especially  gnnslu>t.  It  may 
be  performed  either  by  an  anterior  incision  or  a  posterior  one.  The  former  one  entails  less 
interference  with  important  structures,  especially  muscles,  than  the  posterior  one,  hut  pennits 
of  less  efficient  drainage.  In  these  days,  however,  when  ihe  surgeon  aims  at  securing 
healing  of  his  wound  without  srqq^uration,  this  sec^ond  desideratum  is  not  of  8<f  mucli  imj>ort^ 
ance.  In  the  ofiemtion  in  front  the  surgeon  makes  an  incisit»n  three  to  four  inches  in  lengthy 
starting  immediately  below  and  external  to  the  anterior  superior  spinous  process  of  the  ilium^ 
downwanl  and  inward  between  the  8artorius  and  Tens<:ir  vaginie  fcmons,  to  the  neck  of  the 
l»one,  dividing  the  capsule  at  its  npper  \mTi.  A  narrowddadeil  saw  now  divides  the  neck  of  the 
femur,  and  the  head  of  the  tMjne  is  extmcted  with  scfuiestrnm  forceps.  All  diseased  tissue  is 
carefully  removed  with  a  sharp  spoon  or  sciasfjrs,  and  the  cavity  thoroughly  flushed  out  with  a 
hot  antiseptic  fluid. 

The  i><rsterior  methotl  consists  in  making  an  incision  three  or  four  inches  long,  commencing 
midway  between  the  top  of  the  great  trochanter  and  the  anterior  .superior  spine»  and  ending 
over  the  shafl,  just  below  the  trochanter.  The  muscles  are  detached  from  the  great  trochanter, 
and  the  capsule  opened  freely.  The  head  and  ncrk  are  freed  from  the  mh  luirfs  and  the  bone 
sawn  thri>ugh  just  below  the  tott  of  the  tntchnnter  witli  a  nfirrow  saw.  The  head  of  the  bone  is 
then  levered  out  of  the  acetabulum.  In  both  operations,  if  the  aeetabidum  is  erotledj  it  must  be 
freety  gouged. 
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n.   Enae-jomt* 

The  knee-juint  was  formerly  described  as  a  ginglYmus  or  liinge-joint,  but  is 
really  of  a  niech  more  complicated  character.  It  must  be  regarded  as  consisting 
of  three  articulations  together:  one  between  each  condyle  of  the  femur  and  the 
corresponding  tuberosity  of  the  tibia,  whieh  are  condyloid  joints,  and  one  between 
the  patella  and  the  femur,  which  is  partly  arthrodiaK  but  not  completely  so,  since 
the  articular  surfaces  are  not  mutually  adapted  lo  each  other,  so  that  the  movement 
18  not  a  sirnjde  gliding  one.  This  view  of  the  construction  of  the  knee-joint  receives 
confirmation  from  the  study  of  the  articulation  in  some  of  the  lower  mammals, 
where  three  synovial  membranes  are  sometimes  found,  corresponding  to  these  three 
subdivisions,  either  entirely  distinct  or  only  connected  together  by  small  communi- 
cations. This  view  is  further  rendered  probable  by  the  existence  of  the  two  crucial 
ligaments  within  the  j^int,  which  must  be  regarded  as  the  external  and  internal 
lateral  ligaments  of  the'inner  and  outer  joints  respectively-  The  existence  of 
the  ligamentura  mucosura  would  further  indicate  a  tendency  to  separation  of  the 
synovial  cavity  into  two  minor  sacs,  one  corresponding  to  each  joint. 

The  bones  entering  into  the  formation  of  the  knee-joint  are  the  condyles  of  the 
femur  above,  the  head  of  the  tibia  below,  and  the  patella  in  front.  The  bones  are 
connected  together  by  ligaments,  some  of  which  are  ]daced  on  the  exterior  of  the 
joint,  while  others  occupy  its  interior- 


Erfe ru at  L i(ja men  t«. 
Anterior,     or     Ligamentnm 

tella*. 
Posterior,    or    Liguraentum 

ticyni  Winslowii- 
Internal  Lateral. 
Two  External  Lateral. 
Capsular » 


Interior  LujamenU, 
Anterior,  or  External  Crucial. 
Postei'ior,  or  Internal  Crucial. 
Two  Semihmar  Fibro-cartilages. 
Transvei'se. 
Coronary. 

Ligamentum  mucosum. 
Ligumcnta  alaria. 


The  Anterior  Ligament,  or  Ligamentnm  Patella  (Fig.  257),  is  the  central 
portion  of  the  common  tendon  of  the  Extt'ns<ir  muscles  of  the  thigb  which  is 
continued  from  the  jiatella  to  the  tubercle  of  the  tibia,  supjdying  the  jilace  of  an 
anterior  ligaruent.  It  is  a  strong,  flat,  ligamentous  band  about  three  inches  in 
length,  attached,  above,  to  the  apex  of  the  patella  and  the  rough  depression  on  its 
posterior  surface  ;  below,  to  the  lower  part  of  tiie  tubercle  of  the  tibia,  its  superficial 
fibres  being  continuous  over  the  front  of  the  patella  with  those  of  the  tendon  of  the 
Quadriceps  extensor.  The  lateral  portions  of  the  tendon  of  the  Extensor  muscles 
pass  down  on  either  side  of  the  patella,  attached  to  the  borders  of  tliis  bone  and  its 
ligament,  to  be  inserted  into  the  upjjer  extremity  of  tlie  tibia  on  each  side  of  the 
tubercle  ;  externally,  these  portions  merge  into  the  capsular  ligament.  They  are 
termed  lateral  pateUar  Ugamints.  The  posterior  surface  of  the  ligamentum  patellae 
can  usually  be  easily  separatetl  from  tfje  front  of  tlie  caj>snlar  ligament. 

The  Posterior  Ligament  (Ligamentum  Posticum  Winslowii)  (Fig,  258)  is  a 
broail,  flat,  fibrous  band  formed  of  fasciculi,  obliijuely  directed,  and  separated  from 
one  another  by  apertures  for  the  passage  of  vessels  and  nerves.  The  strongest  of 
these  fosciculi  is  derived  from  the  tendon  of  the  Semii«embranosus,  and  passes  from 
the  back  part  of  the  inner  tuberosit}'  of  the  tibia obliouely  upward  and  outward  to 
the  back  part  of  the  outer  condyle  of  the  femur,  tvitfnn  the  intercondyloid  notch. 
The  posterior  ligament  forms  part  of  the  floor  of  the  popliteal  space. 

The  Internal  Lateral  Ligament  is  a  broad,  flat,  membranous  band,  thicker 
behind  than  in  fiont,  and  situated  nearer  to  the  back  than  the  front  of  the  joint. 
It  is  attached,  above,  to  the  inner  tuberosity  of  the  femur;  below,  to  the  inner 
tuberosity  and  inner  surface  of  the  shaft  of  the  tibia  to  the  extent  of  about  two 
inches.  It  is  crossed,  at  its  lower  part,  by  the  tendons  of  the  Sartor i us.  Gracilis, 
and  IHiemitendinosus  muscles,  a  synovial  bursa  being  interposed.  Its  thep  surface 
covers  the  anterior  portion  of  the  teuibui  of  the  Semimembranosus,  the  synovial 
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membrane  of  the  joint,  and  the  inferior  internal  articular  vessels  and  nerve;  it  is 
intimately  adherent  to  the  internal  semilunar  fibro-cartilage. 
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Pio,  257.~Rleht  ktieejolnt.    Anterior  view. 


Fio.  256.— Right  knee-joint.    Pfwtennr  view. 


The  Long  Extenial  Lateral  Ligament  is  a  strong,  rounded,  fibrous  cord  situated 
nearer  to  the  back  than  the  front  of  the  joint.  It  is  attached,  above,  to  the  back 
part  of  the  outer  tubero.sity  of  the  fem»ir ;  below,  to  the  nuter  part  of  the  head  of 
the  fibula.  Its  outer  sarface  is  covered  hy  the  tendon  of  the  Biceps*  which  divides 
at  its  insertion  into  two  parts,  se]>arated  bj  the  ligament.  The  ligament  has, 
passing  beneath  it,  tbe  tendon  of  the  Popliteus  muscle  and  the  inferior  external 
articular  vessels  and  nerve. 

The  Short  External  Lateral  Ligament  is  a  bundle  of  fibres  placed  behiml  the 
preceding,  attached,  above,  togetlicr  with  tlie  outer  bead  of  tbe  (rastrijcnemius, 
to  tbe  outer  condyle  of  tbe  femur;  beb>w,  to  tbe  summit  of  tbe  styhiid  process 
of  the  fibula.  This  lignment  is  intimately  connected  with  the  capsular  liga- 
ment, and  bas,  passing  beneath  it,  the  tendon  of  the  Popliteus  muscle  and  the 
inferior  external  iirticuhtr  vessels  and  nerve. 

The  Capiular  Ligament  consists  of  an  exceedingly  thin  but  strong,  fibrous 
membrane  whieli  tills  in  tbe  intervals  left  between  the  stronger  bands  above 
described,  and  is  inseparably  connected  with  them.  In  front  it  blends  with  tlie 
lateral  patellar  ligaments  and  fills  in  the  interval  between  the  anterior  and 
lateral  ligaments  of  the  joint,  with  which  latter  structures  it  is  closely  connected. 
Behind,  it  is  strong,  and  formed  chiefiy  of  vertical  fibres,  which  arise  above  from 
the  condyles  and  intereondyloid  notch  of  the  femur,  and  is  connected  below  with 
the  back  prnrt  of  tbe  head  of  the  tibia,  being  closely  united  with  the  origins  of 
the  (iastrocnemius,  Plantaris,  and  Popliteus  muscles.  It  passes  in  front  of.  but  is 
insejnarahly  connected  with,  tbe  ]>osteri<u'  ligament. 

The  Crucial  are  two  interosseous  ligaments  of  considerable  strength  situated 
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in  the  interior  of  the  joint,  nearer  ita  posterior  than  its  anterior  part.     They  are 
called  crucial  because  they  cross  each  other  somewhat  like  the  lines  of  the  letter 

X  ;  and  have  receivf^d  thv  names  anterior 
and  poHtrrior,  frum  the  position  of  their 
attach ra en t  to  tlie  tiljia. 

The  Anterior,  or  External  Omcial  laga- 
ment  (Fig.  259),  is  attachetl  to  the  depres- 
siuri  in  front  of  the  spine  of  the  tibia,  being 
blended  with  the  anterior  extremity  of  the 
external  senai lunar  fibm-eurtilage,  and,  pass- 
ing obliquely  upward,  backward,  and  out- 
ward, is  inserted  into  the  inner  and  back 
part  of  the  outer  condyle  of  the  femur.  Its 
direction  is  upward,  backward,  and  outward. 
The  Posterior,  or  Internal  Crucial  Lig- 
ament, is  stronger,  but  shorter  nnd  less  ob- 
liipie  in  its  direction,  tban  the  anterior.  It 
is  attached  to  the  hack  part  of  the  depres- 
sion behind  the  spine  of  the  tibia,  to  the 
popliteal  notch,  and  to  the  posterior  extrem- 
ity uf  the  external  semilunar  fibro-cartilage; 
an<l  passes  upward,  and  somewhat  forward, 
and  inward,  to  be  inserted  into  the  outer  part 
of  the  inner  condyle  of  the  femur.  As  it 
crosses  the  anterior  crucial  ligament  a  fas- 
ciculus is  given  off  from  it,  which  blends  with 
the  posterior  part  of  that  ligament.  It  is 
in  relation,  in  front,  with  the  anterior 
crucial  ligfinient ;  behind,  with  the  capsular 
ligament. 

The  Semilunar  Fibro-cartilagea  (Fig.  260) 
are  two  crescent ic  lamellae  which  serve  to 
deepen  the  surface  of  the  head  of  the  tibia,  for  articulation  with  the  condyles  of 
the  femur.  The  eireumfereiice  of  each  cartilage  is  thick,  convex,  and  attached  to 
the  inside  of  the  capsule  uf    the  knee  ;    the  inner  border  is  thin,  concave  and 

free.  Their  upper  surfaces 
are  concave,  and  in  relation 
with  the  condyles  of  the 
femur;  their  lower  surfaces 
are  fiat,  and  rest  upon  the 
head  nf  the  tibia.  Each  car- 
tilage covers  nearly  the  outer 
two-thirds  of  the  correspond- 
ing articular  surface  of  the 
tibia*  leaving  the  inner  third 
uncovered  ;  both  surfaces  are 
smooth  and  invested  by  syno* 
vial  membrane. 

The  Internal  Semilunar 
Fibro-cartilage  is  nearly  sem- 
icircular in  fijnn,  a  little 
elongated  from  before  back- 
ward, and  broader  behind  than  in  front;  its  anterior  extremity,  thin  and  pointed, 
is  attached  to  a  depression  on  the  anterior  margin  of  the  head  of  the  tibia,  in 
front  of  the  anterior  crucial  ligament;  its  posterior  extremity  is  attached  to  the 
depression  behind  the  spine,  between  the  attachments  of  the  external  semilunar 
fibro-cartilage  and  the  posterior  crucial  ligaments. 


f 


PlC,  259.— fUghr  k 
mil  Ugaxnents. 


'U\t.    Showing  inter* 


^*>. 


:'^*^ 


74V 


I 


%. 


ef. 


'»J»jjr^    ^-, 


'^^- 


Flo.  2fi0.— Ileail  of  tlblft,  with  seniiJunjir  cwtiliigcs,  etc.    Seen  from 
Ilx>ve.    Right  side. 


THE  KNEE-JOINT. 


371 


nerte. 


-JPopliUtU  wrierv* 


The  External  Semilunar  FibrO'Cartilaire  forms  nearly  nn  entire  circle,  covering 
a  larger  pnrtion  of  the  articular  surface  than  the  internal  one.  It  is  grooved  on 
its  outer  side  for  the  tendon 
of  the  Popliteus  muscle.  Its 
extremities,  at  their  insertion, 
are  interpo^efl  between  the 
two  extremities  of  the  inter- 
nal semilunar  fibro-cartilage ; 
the  anterior  extremity  being 
attached  in  front  of  the  spine 
of  the  tibia  to  the  outer  side 
of,  and  behind,  the  anterior 
crucial  ligament^  with  which 
it  blends ;  the  posterior  ex- 
trem  i  t y  b  ei  n  g  a tt  ae  b  ed  behind 
the  sjime  of  the  tibia »  in  front 
of  the  posterior  extremity  of 
the  internal  semilunar  fibro- 
cartilage.  Just  before  its  in- 
sertion posteriorly  it  gives  off 
a  strong  fasciculus,  which 
passes  obliquely  upward  and 
inward,  to  be  inserted  into 
the  inner  condyle  of  the 
femur,  close  to  the  attach- 
ment of  the  posterior  crucial 
ligament.  Occasiomilly  a 
small  fasciculus  is  given  off 
which  passes  forward  to  be 
inserted  into  the  back  part 
of  the  anterior  crucial  lig- 
ament. The  external  semi- 
lunar fibro-cartihiji^e  gives  off 
from  its  anterior  convex  mar- 
gin a  fasciculus  which  forms 
the  transverse  ligament. 

The  Transverse  Ligament 
is  a  band  of  h)>re*s  which 
passes  transversely  from  the 
anterior  convex  margin  of  the  external  semilunar  fibro-cartilage  to  the  anterior 
convex  margin  of  the  internal  semilunar  tibro-cartilage ;  its  thickness  varies 
considerably  in  different  subjects,  and  it  is  sometimes  absent  altogether. 

The  Coronary  Ligaments  are  merely  jiorticuis  4>f  the  capstilar  ligament,  which 
connect  the  circumference  of  each  uf  the  semilunar  fibro-cartilages  with  the 
margin  of  the  lund  of  the  tibia. 

The  Synovial  Membrane  of  tbe  knee-jtunt  is  the  largest  and  most  extensive  in 
the  body.  Comtrieucing  at  the  upper  border  of  the  patella,  it  forms  a  short  ruMe- 
Bar  beneath  the  Quadriceps  extensor  tendt^n  of  the  thigh,  on  the  lower  part  of  the 
front  of  the  shaft  of  tbe  femur:  this  communicates  with  a  synovial  bursa  inter- 
posed between  the  tendon  and  the  front  of  the  femur  by  an  nrifice  of  variable  size. 
On  each  side  of  the  [latella  the  synovial  membrane  extends  beneath  the  aptmeurosii 
of  the  Vasti  muscles,  and  more  esjieciallv  beneath  that  of  the  Vastus  internus. 
Below  the  patella  it  is  separated  from  ihe  anterior  ligament  by  the  anterior  part 
of  ihe  capsule  and  a  considerable  quantity  of  adipose  tissue.  In  this  situation  it 
sends  off  a  triangular  probjngation.  containing  a  few  ligamentous  fibres,  which 
extends  from  the  anterior  part  of  the  joint  below  the  patella  to  the  front  of  the 
intercondyloid  notch.     This  fold  has  been  termed  the  Ugamentum  mucosum.     It 
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also  sends  off  two  fringe-like  folds,  called  the  lit/amenta  alaria,  whicb  extend  from 
the  sides  of  the  ligamentura  miicosum,  upward  and  laterally  between  the  patella 
and  femur.  On  either  8ide  of  the  joint  it  passes  downward  from  the  femur,  lining 
the  capsule  to  its  point  of  uttachment  to  the  .semiUmar  cartihtges  ;  it  may  then  be 
traced  over  the  U])per  surfaces  of  these  cartilages  to  their  free  borders,  and  from 
thence  along  their  under  surfaces  to  the  tibia.  At  the  back  [>art  of  the  external 
one  it  forms  a  eid-de-sar  between  the  groove  on  its  surface  and  the  tendon  of  the 
Popliteus;  it  surnumdsj  the  crucial  ligaments  and  lines  the  inner  surface  of  the 
ligaments  which  enclose  the  joints.  The  pouch  of  Byn<nial  membrane  between 
the  Extensor  tendon  and  front  of  the  femur  is  supported,  during  the  movements 
of  the  knee,  by  a  small  muscle,  the  Subcrureus,  which  is  inserted  into  the  upper 
part  of  the  ca]jsular  ligament. 

The  folds  of  synovial  membrane  and  the  fatty  processes  contained  in  them  act, 
as  it  seems,  mainly  as  padding  to  fill  up  interspaces  and  obviate  coneussiona. 
Sometimes  the  bursa  beneath  the  Quadriceps  extensor  is  completely  shut  of!'  from 
the  rest  of  the  synovial  cavity,  thus  forming  a  closed  sae  between  the  Quadriceps 
and  the  lower  part  of  the  front  of  the  femur,  or  it  may  communicate  with  the 
synovial  cavity  by  a  minute  aperture. 

The  bursae  about  the  knee-joint  are  the  following: 

In  front  there  are  three  bursje :  one  is  interposed  between  the  patella  and  the 
skm  ;  another,  of  small  size,  between  the  upper  part  of  the  tuberosity  of  the  tibia 
and  the  ligamentum  patellne  ;  and  a  third  between  the  lower  part  of  the  tuberosity 
of  the  tibia  and  the  skin.  On  the  outer  side  there  are  four  bursas  :  (1)  one  beneath 
the  outer  head  of  the  Gastrocnemius  (which  sometimes  communicates  with  the 
joint);  (2)  one  above  the  external  lateral  ligament  between  it  and  the  tendon  of 
the  Biceps;  (3)  one  beneath  the  external  lateral  ligament  between  it  and  the  ten- 
don of  the  Popliteus  (this  is  sometimes  r»nly  an  expansion  from  the  next  bursa); 
(4)  one  beneath  the  tendon  of  the  Poplitetis  between  it  and  the  condyle  of  the  femur, 
which  is  almost  always  an  extension  from  the  synovial  membrane. 

On  the  inner  side  there  are  five  bursie  :  (1)  one  beneath  the  inner  head  of  the 
Gastrocnemius,  which  sends  a  prolongation  between  the  tendons  of  the  Gastro- 
cnemius and  Semimembranosus :  this  bursa  often  couimiinicates  with  the  joint; 
(2)  one  above  the  internal  lateral  ligament  between  it  and  ihe  tendons  of  the 
Sartorius,  Gracilis*  and  Semitendinosus ;  (S)  one  beneath  the  internal  lateral 
ligament  between  it  and  the  tendon  of  the  Semimembranosus :  this  is  sometimes 
only  an  expansion  from  the  next  bursa  ;  (4)  <jne  beneath  the  tendon  of  the  Semi- 
membranosus, between  it  and  the  head  of  the  tibia;  (5)  sometimes  there  is  a  bui^sa 
between  the  tend<uis  *>f  the  Semimembranosus  and  of  the  Semitendinosus. 

Structures  aromid  the  Joint. — ^In  front  anil  at  the  sides,  the  Quadriceps  exten- 
sor ;  on  the  outer  side,  the  tendons  of  the  Biceps  and  the  Popliteus  and  the 
external  pojditeal  nerve  ;  on  the  inner  side,  the  Sartorius,  Gnicilis,  Semitendinosus, 
and  Semimembranosus  ;  behind,  an  exjjansion  from  the  tendon  of  the  Semimembra- 
nosus, the  popliteal  vessels,  and  the  internal  |K>pliteal  nerve,  Poplitetis,  Plantaris, 
and  inner  and  outer  heads  of  the  Gastrocnemius,  some  Ivmphatic  glands,  and 
fat. 

The  Arteries  supplying  the  joint  are  derived  from  the  anastomotica  magna 
branch  of  the  femoral,  articular  branches  of  the  po|*liteal,  anterior  and  posterior 
recurrent  branches  of  the  anterior  tibial,  and  descending  branch  from  the  external 
circumtlex  of  the  Profunda, 

The  Nerveii  are  derived  from  the  obturator,  anterior  crural,  and  external  and 
internal  popliteal. 

Actions.— The  knee-joint  permits  of  movements  of  flexion  and  extension,  and, 
in  certain  positions,  of  slight  rotation  inward  and  outward.  The  movement  of 
flexion  and  extension  does  not,  however,  take  place  in  a  simple,  hinge-like  man- 
ner, as  in  other  joints,  hut  is  a  complicated  movement,  consisting  of  a  certain 
amount  of  gliding  and  notation  ;  so  that  the  same  part  of  one  articular  surface  is 
not  always  applied   to  the  same   part  of  the  other  articular  surface,  and  the   axis 
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of  motion  ia  not  a  fixed  one.     If  the  joint  is  examined  while  in  a  condition  of 

extreme  flexion,  the  posterior  part  of  the  articular  surfaces 

of  the  tibia  will  be  f  >und  to  be  in  contact  with  the  posterior 

rounded  extreiiiities  of  the  condyles  of  the  fenitir  ;  and  if 

a   simple   hinge-like   movement    were  to   take  place,    the 

axis,  round  which   the   revolving  movement  of  the   tibia 

occurs,  woidd  be  in  the  bsick  part  of  the  condyle.     If  the 

leg  is  now  brought  forwanl  into  a  position  of  sendilexion, 

the  upper  surface  of  the  tibia  will  be   seen   to  glide  over 

the  condyles  of  the  femur,  so  that  the  middle  [Jart  of  the 

articular  facets  are   in  contact,  and  the  axis  of  rotation 

must  theref  u"e  have  shifted  forward  to  nearer  the  centre 

of  the  condyles.     If  the  leg    is    now   brought    into    the 

extended  position,  a  still  further  gliding  takes  place  and 

a  further  shifting  forward  of  the  axis  of  rotation.     This 

is  not,  however,  a  simple  movement,  but   is  accompanied 

by  a  certain  amount  of  rotation  outward  round  a  vertical  axis  drawn  through  the 

centre  of  the  head  of  the  tibia.     This  rotation  is  due  to  the  greater  length  of  the 

internal  condyle*  and  to  the  fact  that  the  anterior  portion  of  its  articular  surface 

is  inclined  obliquely  outward.     In  consec[uence  of  this  it  will  be  seen  that  toward 

the  close  of  the   movement  of  extension — that   is  to   say.  Just   before    complete 

extension  is  eftected— the   tibia  glides   oldicjuely  upward   and  outward  over  this 

obli*jue  surface  of  the  inner  condyle,  and  the  leg  is  therefore  necessarily  rotated 

outward.     In  flexion  of  the  joint  the  converse  of  these  movements  takes  place; 

the  tibia  glides  backward  round  the  end  of  the  femur,  and  at  the  commencement 

of  the  movement  the  tibia  is  directed  flown  ward   and   inward   along  the   oblique 

curve  of  the  inner  conilyle,   thus  causing   an   inward  rotation   to  the  leg. 

During  flexirm  and  extension  the  patella  moves  on  the  lower  end  of  the  femur, 
but  this  movement  is  not  a  simple  glidiug  one;  for  if  the  articular  surface  of  this 
bone  is  examined,  it  will  be  found  to  present  on  each  side  of  the  central  vertical 
ridge  two  less  marked  transverse  ridges,  which  divide  the  surface,  except  a  small 
portirm  along  the  inner  border,  which  is  cut  off  by  a  slight  vertical  ridge  into 
six  facets  (see  Fig.  2G:^),  and  therefore  does  not  present  a  uniform  curved  sur- 
face, as  would  be  the  case  if  a  simple  gliding  movement  took  place.  These  six 
facets — three  on  each  side  of  the  median  vertical  ridge- — correspond  U>  and  denote 
the  parts  of  the  bone  respectively  in  contact  with  the  condyles  (jf  the  femur  during 
flexion,  semiflexion,  and  extension.  In  flexion  only  the  upper  facets  on  the  patella 
are  in  contact  with  the  condyles  of  the  femur  ;  the  lower  two-thirds  of  the  bone 
rests  upon  the  mass  of  fat  which  occupies  the  space  between  the  femur  and  tibia. 
In  the  semiflexed  jjosititpn  of  the  joint  the  middle  facets  on  the  patella  rest  upon 
the  most  prominent  portion  of  the  condyles,  and  thus  affVird  greater  leverage  to 
the  Quadriceps  by  increasing  its  distance  from  the  centre  of  motion.  In  comj>lete 
extension  the  patella  is  drawn  up,  so  that  only  the  lower  facets  are  in  contact  with 
the  articuhir  surfaces  of  the  condyles.  The  narrow  strip  ahmg  the  inner  border 
is  an  exceptitm  t<i  this,  anil  would  appear  to  be  in  contact  with  the  internal  condyle 
throughout  its  whole  extent  in  every  position  of  the  joint.  As  in  the  elbow,  so  it 
is  in  the  knee — the  axis  of  rotation  in  flexion  and  extension  is  not  precisely  at 
right  angles  to  the  axis  of  the  bone^  but  during  flexion  there  is  a  certain  amount 
of  alteration  of  plane ;  so  that,  whereas  in  flexi(ui  the  femur  and  tibia  are  in  the 
same  |>lane,  in  extension  the  one  bone  forms  an  angle  of  about  ten  degrees  with 
the  other.  There  is,  however,  this  difference  between  the  two  extremities :  that 
in  the  upper,  during  extension,  the  humeri  are  parallel  and  the  bones  of  the 
forearm  diverge;  in  the  lower,  the  femora  converge  below  and  the  tibia  are 
parallel. 

In  addition  to  the  slight  rotation  during  flexion  and  extension,  the  tibia  enjoys 
an  indef)endent  rotation  on  the  condyles  uf  the  femur  in  certain  positions  of  the 
joint.     This  movement  takes  place  between  the  interarticular  fibro-cartilages  and 
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the  tibia,  wbereaa  the  movement  of  flexion  aud  extension  takes  place  between  the 
interarticular  fibro-cartilages  and  the  femon  So  that  the  knee  may  be  said  to 
consist  of  two  joints,  separated  by  the  fibro-cartilages  :  an  upper  (men  is  co-femoral), 
in  which  flexion  and  extension  take  place ;  and  a  lower  (menisco-tibial),  aUowing 
of  a  certain  amount  of  rotation.  This  latter  movement  can  only  take  place  in  the 
^Bemiflexed  position  of  the  limb,  wlien  all  tbe  lijLraments  are  relaxed. 

During  jlexitm  the  ligamentnm  patelliie  is  put  upon  the  stretch,  as  is  also 
the  posterior  crucial  ligament  in  extreme  flexion.  Tbe  other  ligaments  are  all 
relaxed  by  flexion  of  the  joint,  though  the  relaxation  of  the  anterior  crucial  ligament 
is  very  trillings  Flexion  is  only  checked  during  life  by  the  contact  of  the  leg  with 
the  thigh.  In  extenmon  the  ligamcntum  patellae  becomes  relaxed,  and,  in  extreme 
extension  completely  so,  so  as  to  allow  free  lateral  movement  to  the  patella^  which 
then  rests  on  the  front  of  tbe  lower  end  of  the  femur.  The  other  ligaments,  with 
the  excefition  of  tbe  posterior  crucial,  which  is  partly  relaxed,  are  all  on  the  stretch. 
When  the  limb  has  been  brought  into  a  straight  line,  extension  is  checked  mainly 
by  the  tension  of  all  the  ligaments  except  the  jjosterior  crucial  and  ligamentum 
patellar,  Tbe  movements  of  rntatiott,,  of  which  tbe  knee  is  capable,  are  permitted 
in  the  semiflexed  condition  by  the  partial  relaxation  of  both  crucial  ligaments,  as 
well  as  tbe  lateral  ligaments.  Rotation  inward  appears  lo  be  limited  by  tbe 
tension  of  the  anterior  crucial  ligament,  and  by  the  interlocking  of  the  two  liga- 
ments;  but  rotation  outward  does  not  appear  to  be  checked  by  either  crucial 
ligament,  since  they  uncross  during  the  execution  of  this  movement,  but  by  the 
lateral  ligaments,  especially  the  internal.  The  main  function  of  the  crucial  liga- 
ments is  to  act  as  a  direct  bond  of  union  between  tbe  tibia  and  femur,  preventing 
the  former  bone  from  being  carried  too  far  baekw^ard  or  forward.  Thus  the 
anterior  crucial  ligament  prevents  the  tibia  being  carried  too  liir  foi-ward  by  the 
extensor  tendons,  and  the  posterior  crucial  checks  too  great  movement  backward 
by  the  flexors.  They  also  assist  the  lateral  ligaments  in  resisting  any  lateral 
bending  of  the  joint,  Tbe  interarticular  cartilages  are  intended,  as  it  seems, 
to  adapt  the  surface  of  the  tibia  to  rhe  shape  of  tbe  femur  to  a  certain  extent, 
BO  as  to  till  up  the  intervals  which  would  otherwise  be  left  in  the  varying 
positions  of  tbe  joint,  and  to  interrupt  the  jars  w^hich  would  be  so  frecjuently 
transmitted  up  the  limb  in  jumping  or  falls  on  the  feet;  also  to  permit  of  the 
two  varieties  of  motion,  flexion  and  extension,  and  rotation,  as  expbiined  above. 
The  patella  is  a  great  defence  to  the  knee-joint  from  any  injury  inflicted  in  front, 
and  it  distributes  upon  a  large  and  tolerably  even  suriiice  during  kneeling  tbe 
pressure  which  would  otherwise  fall  upon  the  prominent  ridges  of  the  condyles;  it 
also  aftords  leverage  to  tbe  Quadriceps  extensor  muscle  to  act  upon  the  tibia ;  and 
Mr,  Ward  has  pointed  out  ^  how  this  leverage  varies  in  the  various  positions  of  the 
joint,  so  that  the  action  of  the  muscles  produces  velocity  at  the  expense  of  force  in 
the  commencement  of  extension,  and,  on  the  contrary,  at  the  close  of  extension 
tends  to  diminish  velocity,  and  therefore  the  shock  to  the  ligaments;  whilst  in  the 
standing  position  it  draws  the  tibia  powerfully  ffirward,  and  thus  maintains  it  in 
its  place. 

ExUmnton  of  the  leg  on  the  thigh  is  performed  by  the  Quadriceps  extensor; 
flexion  by  the  bamstriiig  muscles,  assisted  by  the  (Iracilis  and  Sartorius,  and, 
indirectly,  by  the  Giustrucneraius,  Popliteus,  and  Plantaris;  rotittion  outivani,  by 
the  Biceps;  and  rotation  imvardhy  the  Popliteus,  Seinitendinosus,  and^  to  a 
slight  extent,  the  Semimembranosus,  the  Sartorius,  and  the  Gracilis. 

Surface  Form. — The  interval  between  the  two  bunes  entering  into  the  form  at  ion  of  the 
knee-juiiU  can  alwavs  eiLsily  \je  felt.  If  the  limb  is  PxtendcdT  it  Issituateil  on  a  sliirhtly  hiirher  level 
than  tlie  apex  of  rhe  patelk;  hut  if  tlie  liijib  is  slightly  flexed,  a  knife  carried  borizoatally  back- 
ward iiumediatcly  lielow  the  apox  of  the  |i;itella  Wi>uld  j>ass  diro-tly  into  the  joint.  Wlien  the 
knee-joint  is  distended  with  tluid,  the  outline  of  the  synovial  membrane  at  the  front  ot  ihe  knee 
may  Ix^  fairly  well  UKip|>ed  out. 

Surgical  Anatomy*— From  a  cfnisidemtion  of  the  oonstmetion  of  the  knee-joint  it  would 
ftt  first  sight  appear  to  be  one  of  the  least  secure  of  any  of  the  joint*  in  the  body.     It  is  formed 

*  Hnman  ( hteoif^y,  p*  405. 
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betwei*ii  the  two  longest  bones,  and  therefore  the  amount  of  leverairo  wbicb  can  be  brcm^^Iit  to 
bear  upon  \\  is  very  eonsitlt^rable  ;  the  iirticuJar  8iirfat>eii  are  but  ill  adapted  to  each  other,  and 
the  rau^e  and  variety  uf  motion  which  it  enjoys  is  gre^iL  All  ihe^e  cin-umstaticea  tend  to  render 
the  artlyulation  very  in^^LX-ure  :  but.  nevertheless^  on  ac^Mjunt  of  the  very  powerful  liirainents 
which  bind  the  bones  together,  the  joint  is  one  of  the  strongest  in  the  body,  and  disloealion 
from  trauniatisnj  is  of  very  rare  oeeurrence.  Wben.  oti  the  other  hand,  the  ligaments  have 
been  softened  or  destroyed  by  disease^  partial  disftlaeemcTit  is  veiy  liable  to  occur,  and  is 
frequently  brought  about  by  the  mere  action  of  the  muscles  dtbplacing  the  articular  surfaces 
from  etich  other.  The  tibia  may  be  dislw^tetl  in  any  direction  from  the  femur— forward,  back- 
ward, inward,  ur  outward  ;  or  a  cumbination  of  two  ol'  these  dislocations  may  occur — that  i&i.  the 
tibia  niay  be  dislocated  forwani  and  laterally,  oi*  backward  and  laterally ;  and  any  of  these  dia- 
locations  may  be  complete  or  incomplete.  At*  a  rule,  however,  the  antero-postanor  dislocatiooa 
are  conaplete,  the  lateral  ones  inwmplete. 

One  or  other  of  the  semilunar  cartilages  may  become  displaced  and  nipped  between  the 
femur  and  tibia.  The  accident  h  producea  by  a  twist  of  the  leg  when  the  knee  is  flexed,  and  m 
awjorapianied  by  a  sudden  pain  and  fixation  of  the  knee  in  a  flexed  position.  The  cartilage  may 
be  difipbeed  either  inward  or  outward:  that  is  to  say j  either  inward  toward  the  tibial  ^pine,  m 
that  tne  cartilage  becomes  lodtrcxl  in  the  intcrccmdyloid  notch  ;  or  outward,  s«>  that  the  cartilage 
projects  beyond  the  margin  of  the  two  articulating  bones.  Acute  synovitis,  the  result  of 
irauniatism  or  exposure  to  cold,  is  vciy  common  in  the  knee,  on  account  of  its  superficial  posi- 
tion. When  distended  with  fluid,  the  swelling  shows  itself  above  and  at  the  sides  of  the  i>atcl]a, 
reacliing  about  an  inch  or  more  above  the  tnx^blear  surfai'O  of  the  femur,  and  estendinj?  a  little 
hichcr  under  the  Vastus  internus  than  the  Vai^tus  externus.  Occasionally  the  swelhng  may 
extend  two  inches  or  more.  At  the  sides  of  the  patella  t!ie  swelling  extends  lower  at  the  inner 
aide  than  it  does  on  the  outer  side.  The  lower  level  of  the  synovial  membrane  Is  just  atKjve  the 
level  of  the  upjier  part  of  the  head  of  the  fibula.  In  the  middle  line  it  covers  the  upper  third 
of  the  liiramcntum  patellre.  being  separated  from  it,  however,  by  the  capsule  and  a  little  fat. 
Chronic  synovitis  principally  shows  itself  in  the  ft)rm  of  pulpy  degeneration  of  the  synovial 
membrane,  leading  to  tubercular  arthritis.  The  reius4>ns  why  tubercular  disease  of  the  knee 
usually  commences  in  the  synovial  membrane  appear  to  lie  the  complex  ami  extensive  nature  of 
this  sac ;  the  extensive  vascular  supply  to  it ;  and  the  fact  that  injuries  are  generally  difl\i?ed 
and  applied  to  the  front  of  the  joint  rather  than  to  the  ends  of  the  bones.  Syphilitic  disease 
Dot  unlrequently  attacks  the  knee-joint.  In  the  hereditary  fbi-m  of  the  disease  it  is  usually 
symmetrical,  attacking  Wth  joint.**,  which  liecLtme  tilled  with  synovial  effusion,  and  is  very 
intractable  and  difficult  (>f  cure.  In  the  tertiary  form  of  the  disease  gummatous  infiltration  of 
the  synovial  membrane  may  take  place.  The  knee  is  one  of  the  joints  most  commonly  aflNected 
with  osteo-arthritis,  and  is  said  to  Ije  more  Irerjuently  the  seat  of  this  disea.se  in  women  than  in 
men,  Tlie  oceurrenee  of  the  socalled  loose  eartilage  is  almost  confined  to  the  knee,  thouj^h  they 
are  occasionally  met  with  in  the  elUjw,  anil,  rarely,  in  some  other  joints,  3!any  of  them  occur 
in  cases  of  osteo- arthritis,  in  which  ealcareous  or  cartilaginous  material  is  formed  in  one  of  the 
avnovial  fringes  and  constitutes  the  foreign  Ixuly,  and  nuiy  or  may  not  become  detached,  in  the 
former  case  only  meriting  the  usual  term,  'loose"  cartilage.  In  other  crises  they  have  their 
origin  in  the  exudation  oi  inflammatory  lyiuph,  and  possibly,  in  some  rare  instances,  a  portioa 
of  the  articular  cartilage  or  one  of  the  semilunar  cartilages  becomes  detached  and  constitutes  the 
foreign  body. 

Genu  valgum,  or  knoek-knee,  is  a  common  deformity  of  childhood,  in  which,  owing  to 
changes  in  and  abcjut  the  joint,  the  angle  bt^tweeu  the  outer  border  of  the  tibia  and  lemur  is 
diminisbcil,  so  that  ils  the  patient  stmids  the  two  internal  condyles  of  the  lemora  are  in  eontacti 
but  the  two  internal  malleoli  of  the  tibiic  are  mort^  or  less  widely  separated  from  each  other. 
When,  however,  the  knees  are  flexed  to  a  right  anglct  the  two  legs  are  practically  parallel  with 
€ach  otlicr.  At  the  commencement  of  the  disease  there  is  a  yielditig  of  the  intenial  laten^iJ  liga- 
ment and  other  fibrous  structures  on  the  inner  side  of  the  joint;  as  a  result  of  this  there  is  a 
con,«lani  undue  pressure  of  the  outer  tuberosity  of  the  tibia  a>,^ainst  the  outer  condyle  of  the 
femur.  This  extra  pressure  causes  arrest  of  growth  ami,  possibly,  wasting  of  the  outer  con- 
dyle, and  a  conse<|uent  tendency  for  the  tibia  to  liHicome  separated  fnjm  the  intenial  condyle. 
J*;  prevent  this  the  internal  condyle  becomes  dci>rct>sed  ;  pndnibly,  as  was  first  pointetJ  out  by 
Mikulicz,  by  an  increased  growth  int  tlie  lower  cud  of  the  diapliysis  on  its  inner  side,  m  that  the 
line  of  the  epiphysis  becomes  ohhquo  instead  of  transverse  to  the  axis  of  the  bone,  with  a  direc- 
tion downwiml  and  inward. 

Excision  ol  the  knee-joint  is  most  frecpiently  required  fi:*r  tubercular  disease  of  this  articula- 
tion, but  is  aWi  practiscil  in  cases  of  disorgaiiixatiou  of  the  knee  after  rheumatic  feven  pyaemia, 
€tc.t  in  osteoarthritis,  and  in  ankylosis.  It  is  also  occsisionally  cjilled  f<»r  in  cases  of  injury,  gun- 
shot or  otherwise.  The  operation  is  best  perlf>rmed  either  by  a  horseshoe  incision,  starting  fn>m 
one  condyle,  descendini^'  jls  low  us  llie  tubercle  of  the  tibia,  where  it  crosses  the  legt  and  is  then 
carried  upwani  to  tlie  other  nmdyle  ;  or  by  a  transverse  incision  across  the  patella.  In  this 
latter  intysion  the  patella  is  eitlier  removed  or  sawn  across,  atid  tlie  halves  subse^fuently  sutured 
together.  The  bones  having  Ik^cu  cleared,  and  in  those  cases  where  the  operation  is  performed 
for  tubercular  disca.^^  all  pulpy  tissue  having  Ik^cu  careililly  njmoved,  the  section  of  the  femur 
is  first  made.  This  should  never  include^  in  children,  more  than,  at  the  most,  two- thirds 
of  the  articular  surfa<'e,  otherwise  the  epiphysis  will  be  included,  with  disastrous  results  as  far 
as  regards  the  growth  of  the  limb.     Allerward  a  thin  slice  should  i)e  removed  from  the  upi>er 
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end  f>f  the  tiblti,  not  more  tban  half  an  ineh.  If  any  diseased  tisi^iie  ;«till  appears  to  lie  left  in 
the  i>otie8.  \i  ^hoidr]  he  removed  with  tht!  gouge  riither  than  that  a  further  section  of  the  bones 
should  be  made. 

in.  Articulations  between  the  Tibia  and  Fibula* 

The  articulations  between  the  tibia  and  fibula  are  eifecteJ  by  ligaiDents  which 
connect  boih   extreinities,   as  well  as  the  shafts  of  the  bones.     Thev  may*  con- 
,  gequently,  be  subdivided  into  three  set8  :  1,   The  Superior  Tibio-filjular  articula- 
tion,    2.  The  Middle  Tibio-fibiihir  ligament  or  interosseous  membrane.     3.  The 
Inferior  Tibio-fibular  artictilation. 

1.  Superior  Tibio-fibitlar  ARTrruLATioN. 

This  articulation  m  an  arthrodial  joint  The  contiguous  surfaces  of  the  bones 
present  two  flat,  oval  facets  covered  with  cartilage,  and  connected  together  by  the 
following  ligaments: 

Anterior  Superior  Tibio-fihular. 
Posterior  Superior  Tibio-fibular. 

The  Anterior  Superior  Ligament  (Fig.  259)  coiisiats  of  two  or  three  broad  and 
flat  bands  which  pass  obli<|uely  upward  and  inward  from  the  front  of  the  head  of 
the  fibula  to  the  front  of  the  outer  tuberosity  of  the  tibia. 

The  Posterior  Superior  Ligament  (Fig,  258)  is  a  single  thick  and  broad  band 
wliich  I > asses  u|iwai%l  and  inward  from  the  back  part  of  the  head  of  the  fibula  to 
the  back  |)art  of  the  outer  tuberosity  of  the  tibia.  It  is  covered  by  the  tendon  of 
the  Popliteus  muscle, 

A  Synovial  Membrane  lines  this  articulation,  which  at  its  upper  and  back  ]jart 
is  occasionally  continuous  with  that  of  the  knee-joint. 

2.   Middle  Tibio-fibular  Ligament  or  Interosseous  Membrane, 

An  interosseous  membrane  extends  between  the  contiguous  margins  of  the 
tibia  and  fibiila,  and  separates  the  muscles  on  the  front  from  those  on  the  back  of 
the  leg.  It  consists  of  a  thin,  aponeurotic  lamina  composed  of  oblique  fibres 
which  pass  downward  and  outward  between  the  interosseous  ridges  on  the  two 
bones.  It  is  broader  abovp*  than  below.  Above  its  upper  border  is  a  large,  oval 
aperture  for  the  passage  of  the  anterior  tibial  vessels  forward  to  the  anterior  aspect 
of  the  leg;  and  at  its  lower  part  an  opening  for  the  passage  of  the  anterior  pero- 
neal vessels.  It  is  continuous  below  with  the  inferior  interosseous  ligament,  and 
is  perforated  in  numerous  parts  for  the  passage  of  small  vessels.  It  is  in  relation, 
in  front,  with  the  Tibialis  anticus,  Extensor  longus  digitortim.  Extensor  proprius 
halUicis,  Peroneus  tertius,  and  the  anterior  tibial  vessels  and  nerve;  behind,  with 
the  Tibialis  posticus  and  Flexor  long«s  halhicis. 

3.  Inferior  Tibio-fibular  ARXictaATiON, 

This  articulation  is  formed  by  the  rough,  convex  snrfiice  of  the  inner  side  of 
the  lower  end  of  the  fibula,  connected  with  a  concave  rough  surface  on  the  outer 
side  of  the  tibia.  Below,  to  the  extent  of  about  two  lines,  these  surfaces  are 
smooth,  and  covered  with  cartilage,  which  is  continuous  with  that  of  the  ankle- 
joint.     The  ligaments  of  this  joint  are — 

Anterior  Inferior  Tibio-flhular.  Transverse. 

Posterior  Inferior  Tibio-fibular.  Inferior  Interosseous. 

The  Anterior  Inferior  Ligament  (Fig.  264)  is  a  flat,  triangular  band  of  fibres, 
broader  beb^w  tlian  above,  which  extends  obliquely  downward  and  outward 
between  the  adjacent  mat-gins  of  the  tibia  and  fibula,  on  the  front  aspect  of  the 
articulation*     It  is  in  relation,  in  front,  with  the  Peroneus  tertiiis,  the  aponeurosis 


THE  ANKLE'JOINT. 


377 


of  the  leg,  and  the  integument;  behind,  with  the  inferior  interosseous  ligament; 
and  lies  in  contact  with  the  cartilage  covering  the  astragalus. 

The  Posterior  Inferior  Ligament,  smaller  than  the  preceding,  is  disposed  in  a 
similar  manner  on  the  posterior  surface  of  the  articulation. 

The  Transverse  Ligament  is  a  long,  narrow  band,  continuous  with  the  preceding, 
passing  transversely  across  the  back  of  the  joint,  from  the  external  malleolus  to 
the  posterior  border  of  the  articular  surfjice  of  the  tibia,  almost  as  far  as  its  mal- 
leolar process.  This  ligament  projects  below  the  margin  of  the  bones,  and  forms 
part  of  the  articulating  surface  for  the  astragalus. 

The  Inferior  Interosseous  Ligament  consists  of  numerous  short,  strong,  fibrous 
bands  which  pass  between  the  contiguous  rough  surfaces  of  the  tibia  and  fibula, 
and  conatitnte  the  chief  bond  of  union  between  the  bones.  This  ligament  is  con- 
tinuous above  with  the  interosseous  membrane. 

The  Synovial  Membrane  lining  the  articular  surface  is  derived  from  that  of  the 
ankle-joint. 

Actions.— The  movement  permitted  in  these  articulations  is  limited  to  a  very 
slight  gliding  of  the  articular  sui^faces  one  upon  another. 

IV.  Ankle-joint. 

The  Ankle  is  a  ginglymus  or  hinge-joint.  The  bones  entering  into  its  forma- 
tion are  the  lower  extremity  of  the  tibia  and  its  malleolus  and  the  external  mal- 
leolus of  the  libula.  These  bones  are  united  above,  and  form  a  mortise  to  receive 
the  upper  convex  surface  of  the  astragalus  and  its  two  lateral  facets.  The  bony 
surfaces  are  covered  with  cartilage,  and  connected  together  by  a  capsule,  which  in 
places  forms  thickened  hands  constituting  the  following  ligaments; 


Anterior. 
Posterior. 


Internal  Lateral. 
External  Lateral. 


The  Anterior  Tihio-tarsal   Ligament  (Fig.  263)  is  a  broad,  thin,  membranous 
layer,  attached,  abuve,  tu  the  margin  of  the  articular  surface  of  the  tibia ;  below^ 
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Fto.  253.— AnklH<>f  nt :  tarsal  and  tarso-metataraal  artlculatltiDs.    Internal  view.    Bighc  Kide. 

to  the  margin  of  the  astragalus,  in  front  of  its  articular  surface.     It  is  in  relation, 
in  front,  with  the  Extensor  tendons  of  the  toes,  with  the  tendons  of  the  Tibialis 
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anticus  and  Peroneus  tertius,  and  the  anterior  tibial  vessels  and  nerve  ;  beliind,  it 
lies  in  contact  with  the  synovial  membrane. 

Tile  Posterior  TMo-tarsal  Ligament  is  very  thin,  and  consists  principallv  of 
transverst;  fibres.  It  is  attaclied^  above,  to  the  margin  of  the  articular  surface  of  the 
tibia.  blen<tiug  with  the  transverse  tibio-fihtdar  ligament ;  below,  to  the  astragalus, 
behind  its  superior  articolar  facet.  Externally  it  is  thicker  than  internally,  where 
a  somewhat  thickened  band  *d'  transverse  fibres  is  attached  to  the  hollow  on  the 
inner  surface  of  the  external  malleolus. 

The  Internal  Lateral  or  Deltoid  Ligament  is  a  strong,  flat,  triangular  band, 
attached,  above,  to  the  apex  and  anterinr  and  posterior  borders  of  the  inner  mal- 
leolus. The  most  anterior  fibres  pass  forward  to  be  inserted  into  the  navicular 
bone  and  the  inferior  caleaneo-navicular  licjament ;  the  middle  deaeend  almost 
perpendicularly  to  be  ini^erted  into  the  sustentaculum  tali  of  the  os  ealcis  ;  and  the 
posterior  fibres  pass  backward  and  outward  to  be  attached  to  the  inner  side  of  the 
astragalus.  This  ligament  is  covered  by  the  tendons  of  the  Tibialis  posticus  and 
Flexor  longua  digitorum  muscles. 
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Fie.  261.— Ankle-joint :  tarsul  and  tarso-metJitarsal  iirtlculailons.    Externiil  view.    Right  aide. 

The  Bxternal  Lateral  Ligament  (Fig.  2*34)  consists  of  three  distinctly  special- 
ized fasciculi  of  the  capsule,  taking  different  directions  and  separated  by  distinct 
intervals ;  for  which  reason  it  is  described  by  some  anatomists  as  three  distinct 
lijgjaments.^ 

The  anterior  fasciculun  (anterior  astrngalo-fibular),  the  shortest  of  the  three, 
passes  from  the  anterior  margin  of  the  summit  of  the  external  malleolus,  downward 
and  f>rwai'd.  to  the  astragalus,  in  front  of  its  extenial  articular  facet. 

The  posterior  fascieulus  (posterior  astragalo-fibular),  the  most  deeply  seated, 
passes  from  the  depression  at  the  inner  and  back  part  of  the  external  malleolus 
to  a  prominent  tubercle  on  the  posterior  surface  of  the  astnigalus.  Its  fibres  are 
almost  horixontal  in  direction. 

The  tniddie  ffisciridHft  (caleaneo-fibular),  the  longest  of  the  three,  is  a  narrow, 
rounded  ct>rd  passing  fnmi  the  apex  of  the  external  malleolus  downward  and 
slightly  backward  to  a  tubercle  on  the  outer  surface  of  the  oa  ealcis.  It  is  covered 
by  the  tendons  of  the  Peroneus  longus  and  brevis. 

^  llumphry,  On  the  SktkSm,  p.  559. 
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The  Synovial  Membrane  invests  the  inner  surface  of  the  ligaments,  and  sends 
a  duplicature  upward  between  the  lower  extremities  of  the  tibia  and  fibula  for  a 
short  di;?tance. 

Relations. — The  tendons,  vessels,  and  nerves  in  counection  with  the  joint  are, 
in  front,  from  within  outward,  the  Tibialis  amicus.  Extensor  proprins  Lallucis, 
anterior  tibial  vessels,  anterior  tibial  nerve.  Extensor  communis  digitoruni.  and 
Peronous  tertius ;  behind,  from  within  outward,  the  Tibialis  posticus.  Flexor  longus 
digitorum,  posterior  tibial  vessels,  posterior  tibial  nerve.  Flexor  longus  halJucis; 
and,  in  the  groove  behind  the  external  malleolus,  the  tendons  of  the  Peroneus 
longus  and  b  re  vis. 

The  Arteries  supplying  the  joint  are  derived  from  the  malleolar  hrancbes  of  the 
anterior  tibial  and  the  peroneal. 

The  NetveB  are  derived  from  the  anterior  and  posterior  tibial.  ' 

Actions. — The  movements  of  the  joint  are  those  of  flexion  and  extension. 
The  malleoli  tightly  embrace  the  astragalus  in  all  positions  of  the  joint,  so  that  any 
slight  degree  of  lateral  movement  which  may  exist  is  simply  due  to  stretching 
of  the  inferior  tibio -fibular  ligaments  and  slight  bending  of  the  shaft  of  the 
fibula.  Of  the  ligaments,  the  internal,  or  deltoid,  is  of  very  great  power — so 
much  so  that  it  usually  resists  a  force  which  fractures  the  process  of  bone  to  which 
it  is  attached.  Its  middle  portion,  together  with  the  tnirldle  fasciculus  of  the 
external  lateral  ligament,  binds  the  bones  of  the  leg  firmly  to  the  foot  and  resists 
displacement  in  every  direction.  Its  anterior  and  posterior  fi bi*es  limit  extension 
and  flexion  of  the  foot  respectively,  and  the  anterior  fibres  also  limit  abduction. 
The  posterior  portion  of  the  external  lateral  ligament  assists  the  middle  portion  in 
resisting  the  displacement  of  the  foot  backward,  and  deepens  the  cavity  for  the 
reception  of  the  astragalus.  The  anterior  fasciculus  is  a  security  against  the  dis- 
placement of  the  foot  forward,  and  limits  extension  of  the  joint.  The  movements 
<:if  abduction  and  adduction  of  the  foot^  together  with  the  minnte  changes  in  foiin 
by  which  it  is  applied  to  the  ground  or  takes  hold  of  an  object  in  climbing,  etc.,  are 
mainly  effected  in  the  tarsal  joints,  the  one  which  enjoys  the  greatest  amount  of 
motion  being  that  between  the  astragalus  and  os  calcis  behind  and  the  navicular 
and  cuboid  in  front.  Tljis  is  often  called  the  transverse  or  medio'tarmi}  Johtt^  and 
it  can,  with  the  subordinate  joints  of  the  tarsus,  replace  the  ankle-joint  in  a  great 
measure  when  the  latter  has  become  ankylosed. 

Ertension  of  the  tarsal  bones  upon  the  tibia  and  fibtila  is  produced  by  the 
Gastrocnemius,  Soleus,  Phintaris,  Tibialis  posticus,  Peroneus  longus  and  b  re  vis, 
Flexor  longus  digitorum,  and  Flexor  longus  hallucts ;  flexion,  by  the  Tibialis  anti- 
cus,  Peroneus  terti^is.  Extensor  longus  digitorum,  and  Extensor  |>roprius  hallucis;^ 
adduction^  in  the  extended  position,  is  produced  by  the  Tibialis  an  tic  us  and  posti- 
cus ;  and  abduction  by  the  Peronei. 

Surface  Form. — The  line  of  the  anklejoint  may  be  indicated  by  a  transverse  line  dniwn 
across  tlie  fruiit  of  the  Itjwi  r  part  of  die  leg,  iibrmt  half  an  Inch  \i\mvG  the  level  of  the  tip  of  the 
internal  njallouhis. 

Surgical  Anatomy. — Displacement  of  the  tnjchlear  surface  of  the  astragalus  from  the 
tibif>filmlar  mortise  is  out  of  eommon  «iLviirrcaee,  as  the  ankle-joint  is  a  very  stroii^i  and  powerful 
artieuhition,  and  g^reat  force  is  reqaired  to  prudnee  it.  Nevertheless,  dislocation  dues  (x^eajsionally 
fjcaniT,  bitli  in  an  antero-pojiteriiir  and  a  lateral  direetion.  In  the  latter*  which  js  the  most  ct>m- 
uioii,  fractnre  is  a  necessary  fM-eoinpatiiuient  of  the  injury.  The  dii<location  in  these  cases  is 
somewhat  peeuliar,  and  is  not  a  displacement  in  a  horizontally  latenil  direction,  sucb  as  usnidly 
occurs  in  lateral  dislocations  of  j^iuglynioid  joirit?*.  l>nt  tlie  iistragalus  andergoes  a  jiartial  rotation 
round  an  antero- posterior  axia  drawn  through  it«  own  centre,  so  that  the  saoenor  surtaee,  instead 
of  b*?tnp  directed  upward^  is  inclined  more  or  leas  iaward  or  outward  aceoraing  to  the  variety  of 
the  disphicement. 

The  ankle-joint  is  more  freqnentlv  sprained  than  any  joint  in  the  body,  and  this  may  lead 
to  aeute  synovitis.  In  these  cases,  when  the  synovial  sac  is  distended  with  fluid,  the  balding 
appears  i)rinci|»ally  in  tlie  fruiif  of  the  joiat.  beneath  tlie  anterior  reiidon?;,  ami  on  either  side, 
between  the  Tibialis  anticns  ami  the  internal  hiteral  liiranient  on  the  inner  side,  and  between  tlie 

*  The  Rtndent  must  hear  in  mind  that  the  E.Tten-^jr  lofiptis  difritorura  and  Extensor  propritis  hal* 
IneU  are  €Ttenmr»  of  the  tCML*s»  hni  fir xors  of  the  ankk\  and  tli.'U  the  Flexor  I ongm  digitorum.  iund  Flexor 
longus  hallucis  SLve^exora  of  the  loea^  hut  eiknmm  of  the  ankle. 
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Pt'roninis  tertius  aoi  {be  external  lateral  ligament  gti  t!ie  outer  siile.  In  addition  u>  i\m,  bnlping 
iTequently  oi'ciira  posteriorly,  an(i  a  fluctuating  swelling  may  be  dete^-tetl  on  either  side  ol"  the 
ten  do  Ai  hill  is. 

Chronic  synovitis  may  result  from  freQuent  sprains,  and  when  once  this  joint  has  been 
sprained  it  is  more  liable  to  a  recurrence  of  the  injury  thun  it  wjijs  l>efore ;  or  it  may  be  tuber- 
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Fio.  366. — Section  of  the  right  foot  near  \i&  inner  border^  dlridiag  the  tibia,  aMniRralus,  naricMlar.  intcraal 
cuneiform,  and  first  metatar&iU  bune.  and  the  Qr^i  pbalatUL  of  tbe  great  toe.    (AAtjr  Braime.) 

J  eular  in  its  ori^*n,  the  di^ase  usually  o<Mnmencin^^  in  the  astniL^ahis  and  extendini?  to  the  joint, 
'  though  it  eiay  commence  as  a  tubercular  s^siiovitis  the  result  probabl>'  of  some  slight  strain  in  a 
tubercular  sul>ject. 

Excision  of  the  ankle-joint  is  not  often  performed  for  two  reasons.  In  the  first  place, 
diBeaf^  of  the  articulation  for  which  this  openition  is  indiciited  is  frec|«ently  associatea  with 
di^ase  of  the  tarsal  Ijoncs,  which  prevents  its  iHirformanee ;  and,  secondly,  the  foot  after 
excieion  is  frei|uently  of  very  little  ui!>e;  i\\T  less,  irj  fact,  than  after  a  Symes'sainputjition,  which 
is  often,  therefore,  a  prefemble  operation  in  these  citseB.  Kxcision  may,  however,  be  attempted 
in  cases  of  tubercular  arthritis,  in  a  yuun^^  and  otherwise  heakhy  subject,  where  the  disease  is 
limited  to  the  bftnes  formiiiL'^  the  joint.  It  may  ii\m  be  required  after  injury  where  the  vessels 
and  nerves  have  not  been  dam  aired  and  the  patieut  is  yonn^  jind  free  from  vifw-eral  disease* 
The  excision  is  best  perlbrmed  by  two  lateral  incisions,  line  commeucim,^  two  and  a  half  inches 
above  the  external  malleohis,  carried  down  the  posterior  bortier  of  the  fibula,  round  the  end  of 
the  hone,  and  then  forwani  and  downwiird  as  far  as  the  call  anco-culKjid  joint,  midway  between 
the  tip  of  the  external  malleolus  and  the  tuberosity  on  the  fifth  metatarsal  bone.  Tlirou^di  tliin 
incisifpn  the  6  hula  is  cleared,  the  exteruEd  la  tend  li^anu^iit  is  divided,  and  the  bone  sawn  throneh 
at  the  upper  end  of  the  incision  and  removed.  A  similar  curved  inci.sion  is  now  made  on  the 
inner  side  of  the  fot>t,  ci^mmencin^  two  and  a  half  inches  above  the  lower  end  of  the  tibift. 
carried  down  the  postenor  l:w>rdcr  of  the  bone,  ronntl  the  internal  malleolus,  and  fonvarrl  and 
downward  to  the  tuberosity  of  the  navicular  bone.  Throuirh  this  incision  the  tibia  is  cleared  ir> 
front  and  behind,  the  internal  lateral,  the  anterior  and  pttstcrior  li^^itments  divided,  and  the  end 
of  the  tibia  [>rotnitkHl  throui^h  the  wound  by  displaeing  the  fooiouiwani,  and  sawn  off  sufhciently 
hi^di  to  secure  a  healthy  si^t/tion  of  twine.  The  articular  surlkce  tA*  the  astnipalus  is  now  to  be 
sawn  off  or  tlie  whole  b<me  removed.  In  castas  where  the  i>peration  is  jierfonned  for  tulicn:*uliir 
arthritis  the  latter  course  is  probably  pretcnible.  as  the  injury  done  by  the  saw  is  frefjiiently  the 
starting  point  of  fresh  caries;  and  atlcr  removal  of  the  whole  f>cmc  the  shortening  is  not  appreci- 
ably increased,  and  the  result  as  regards  union  appears  to  be  its  good  as  when  two  sawn  suHWes. 
of  bone  are  brought  into  apposition. 
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T.  ArticulatioES  of  the  Tarsus, 

Articulations  of  the  Os  Calcis  and  Astragalus. 


The  articulations  between  the  os  calcis  and  astragal ns  are  tw^o  in  n timber — 
anterior  and  posterior.  They  are  arthrodial  joints.  The  bones  are  connected 
toge  th e  r  by  f o  u  r  ligaments: 


External  Caleaneo-a^stragaloid. 
Internal  Calcaueo-astragaloid, 


Posterior  Calcaueo-astragaloid. 
Interosseous* 


OF   THE   TAR4SUS. 
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The  External  Calcaiieo-astragaloid  Ligament  (Fig.  264)  is  a  short,  strong, 
fasciculus  passiDg  from  the  outer  surface  of  the  astragalus,  im mediately  beneath 
its  external  malleolar  facetj  to  the  outer  surface  of  the  os  calci;?.  It  is  placed  in 
front  of  the  middle  fasciculus  of  the  external  lateral  ligament  of  the  ankle-joint, 
with  the  fibres  of  wliicb  it  is  parallel. 

The  Internal  Calcaneo-astragaloid  Ligament  is  a  band  of  fibres  connecting  the 
internal  tubercle  i>f  the  back  of  the  astragalus  with  the  back  of  the  sttstentaculum 
tali.     Its  tibres  blend  with  those  of  the  inferior  calcaneu-navicidar  ligament. 

The  Posterior  Calcaneo-astragaloid  Ligament  (Fig.  2tJ3)  connects  the  posterior 
external  tubercle  of  the  a,stragalus  with  the  upper  and  inner  part  of  the  os  calcis; 
it  is  a  short,  narrow  band,  the  fibres  of  which  radiate  from  their  narrow^  attach- 
ment to  the  ftstragaliis. 

The  Interosseous  Ligament  forms  the  chief  bond  of  union  between  the  bones. 
It  consists  of  numerous  vertical  and  oblifiue  fibres  attacherl  by  one  extremity  to  the 
groove  between  the  articulating  facets  on  the  under  surface  of  the  astragalus ;  by 
the  other  to  a  corresponding  defiressioD  on  the  upper  surface  of  the  os  calcis.  it 
is  very  thick  and  strong,  being  at  least  an  inch  in  breadth  from  side  to  side,  and 
serves  to  unite  the  os  calcis  and  ristragalus  solidly  together. 

The  Synovial  Membranes  (Fig.  2f>T)  are  two  in  number:  one  for  the  posterior 
^alcaneo-astnigaloid  articulation;  a  second  fur  the  anterior  calcaneo-astragaloid 
joint.  The  latter  synovial  membrane  is  continued  forward  between  the  contiguous 
surfaces  of  the  astragalus  and  navicular  bones. 

Actions. — The  movements  permitted  between  the  astragalus  and  os  calcis  are 
limited  to  a  gliding  of  the  one  bone  on  the  other  in  a  direction  from  before  back- 
ward, and  from  side  to  side. 


2.  Articulations  of  the  Os  Calcis  with  the  Cuboid. 
The  ligaments  connecting  the  os  calcis  with  the  cuboid  are  four  in  number: 


Dorsal* 
Plantar. 


f  Superior  Calcaneo-cuboid. 

\  Internal  Calcaneo-cuboid  (Interoiseoiia). 

f  Long  C'alcaneo-cuboid. 

(  Short  Calcaneocuboid, 


The  Superior  Calcaneo-cuboid  Ligament  (Fig.  264)  is  a  thin  and  narrow  fasciculua 
which  jjasses  between  the  contiguous  surfaces  of  the  os  calcis  and  cuboid  un  the 
dorsal  surface  of  tlie  joinu 

The  Internal  Calcaneo-cuboid  (Inter osseous)  Ligament  (Fig.  264)  is  a  short 
but  thick  and  strong  band  4>f  fibrcHi  arising  from  the  os  calcis^  in  the  rleep  hollow 
which  intervenes  between  it  and  the  astragjalus,  and  closelv  blended,  at  its  origin, 
with  the  superior  caleaneo-navicular  ligaujent.  It  is  inserted  into  the  inner  side  of 
the  cuboid  bone.  This  ligament  forms  one  of  the  chief  bonds  of  union  between 
the  first  and  second   rows  of  the  tarsus. 

The  Long  Calcaneo- cuboid  (Long  Plantar)  Ligament  (Fig.  26*>),  the  more  super- 
ficial of  the  two  ]>laot»r  ligaments,  is  the  longest  of  all  the  ligaments  of  the  tarsus: 
it  is  attached  to  the  under  surface  of  the  os  calcis.  from  near  the  tuberosities*  as  far 
forward  as  the  anterior  tubercle ;  its  fibres  pass  forward  to  be  attached  to  the 
ridge  on  the  under  surface  of  the  cuboid  bone,  the  more  superficial  fibres  being 
continued  onward  to  the  buses  of  the  second,  third*  and  fourth  metatarsal  bones. 
This  ligament  crosses  the  groove  on  the  under  surface  of  the  cuboid  bone,  convert- 
ing it  into  a  canal  for  the  passage  of  the  tendon  of  the  Peroneus  longus. 

The  Short  OalcaneO' cuboid  (Short  Plantar)  Ligament  lies  nearer  to  the  bones 
than  the  preceding,  from  which  it  \^  separated  by  a  little  adipose  tissue.  It  is 
exceedingly  broad,  about  an  inch  in  length,  and  extentls  from  the  tubercle  and  the 
depression  in  fnmt  of  it*  on  the  fore  part  of  the  under  surface  of  the  os  calcis,  to 
the  inferior  surface  of  the  cuboid  b<ine  behind  the  peroneal  groove. 
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Synovial  Membrane. — The  synovial  membrane  in  tbis  joint  is  distinct.  It 
line^  tbe  inner  surface  of  tbe  ligaments. 

Actions.— Tbe  movements  permitted  between  the  os  calcis  and  cuboid  are 
limited  to  a  slight  gliding  upon  each  other. 

3.  The  Ligaments  connectixcj  iwk  Os  Calcis  and  Navicular. 

ThfJiigb  these  two  bones  do  not  directly  articulate,  they  are  connected  together 
by  two  ligaments  ; 

Superior  or  External  Caleaneo-navicular. 
Inferior  or  Internal  Caleaneo-navicular. 

The    Superior  or  External  Caleaneo-navicular  (Fig.    264)  arises,  as    alrecidy 
mentioned,   wilh   the   tntenml  calcaoeo-ciiboid  in   the  deep   hollow   between   tbe 
jastragalus  and  os  calcis;  it  passes  forward  from  the  inner  side  of  the  anterior  ex- 
'tremity  of  tbe  os  calcls  to  the  outer  side  of  tbe  navicular  bone.     These  two  liga- 
ments resemble  the  letter  Y,  being  blended  together  behind,  but  separated  in  front. 
The  Inferior  or  Internal  Oakaneo-navicular  (Fig.  266)  is   by  far  the  larger 

and  stronger  of  the  two  ligaments  between 
these  bones ;  it  is  a  broad  and  thick  band  of 
fibres,  which  passes  forward  and  inward  from 
tbe  anterior  margin  of  the  sustentaculum  tali 
of  the  OS  calcis  to  the  under  surface  of  the 
navicular  bone-  This  ligament  not  only 
serves  to  connect  tbe  os  ealcis  and  oavieiilar, 
but  sup|»ort8  tbe  bead  of  tbe  astragalus,  form- 
ing part  of  the  articular  cavity  in  which  it  is 
received.  The  upper  mtrfaee  presents  a  fibro- 
cartilaginous facet,  lined  by  the  synovial 
niembnine  continued  from  the  anterior  cal- 
caneo-astragaloid  articulation,  upon  wldch 
the  head  of  the  astragalus  rests.  Its  inaivr 
mirfnee  is  in  contact  with  tbe  tendon  of  the 
Tibialis  posticus  muscle;^  its  inner  border  is 
blended  with  tbe  fore  part  of  the  Deltoid 
ligament,  thus  completing  the  socket  for  the 
bead  of  the  astragalus. 

Surgical  Anatomy.— The  inferior  ralcjineo-nav- 
icuhir  ligament,  by  supporttiitr  thf  ina<i  i>f  tlie  a.*itrai?- 
alus^  is  priiifiimlly  uuru'erned  in  maintaining  tbe 
4krc"b  of  tbe  toot,  and  when  it  yiMs  ilie  head  of 
tbe  aslniiiidas  is  presi^^l  ti(iwiiw:u'd,  inward,  and  for- 
Wiird  by  tbe  weight  id"  t lie  \mh\\\  and  the  \\h\\  Invuiues 
flattened,  expanded,  and  tnrned  ontward,  L'tinstitntinjkr 
tbe  dijieasc  Known  as  fhtt-jofft.  Tfns  lltranjent  t'oa- 
tains  u  ennsidt^rahle  amoaat  of  cdastic  fibre,  s<>  as  ta 
f^'ive  ehistieity  to  the  arch  and  hi>riii(f  to  tbe  tiHit ; 
hence  it  is  MimeliJne.s  called  tlie  "spring"  ligument. 
-It  i^  supjiorted,  on  its  under  surtaee,  by  the  tendiai 
%}^  the  Tibialis  pustieuH.  whieb  spreads  t>at  at  kn 
insertion  into  a  nnndier  id"  faseieuh  \vhii.b  are  attatdied 
.it  the  pUntATBar&ce  to  most  of  the  tarsal  and  metatarsal  iKine.s;  tbi.s  pre- 
venti*  undue  slni'tohintr  of  the  ligament  «nd  is  a  pit>- 
teetioo  against  the  oeeurreaee  of  Hat-Iiiot. 


Iff. 
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of  the  foot. 


4.  Articulation  of  the  Astragalus  with  the  Navicular  Bone. 

The  articulation  between  the  astragalus  and  navicular  is  an  arthrodial  joint : 
the  rounded  bead  of  the  astragalus  bei^ng  received  into  the  concavity  formed  by 

»  Mr.  Hancock  descritjes  an  extension  of  tins  IJK'JioitMit  upwurd  on  tht-  inner  si(|^  of  the  foot, 
which  compktai  the  socket  of  the  joint  in  that  direction  {Lanul,  IS66,  vol.  i.  p-  CIS). 
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the  posterior  surface  of  the  navicular,  the  anterior  articulating  surface  of  the 
cakaneum,  and  the  upper  surface  of  the  inferior  calcaneo-navicular  ligament, 
which  fills  up  the  triangular  interval  between  those  hones.  The  only  ligament  of 
this  joint  is  the  superior  astragalo -navicular.  It  is  a  broad  band,  which  passes 
obliquely  f*>rward  from  the  neck  of  the  astragalus  to  the  superior  surface  of  the 
navicular  bone.  It  is  thin,  and  weak  in  texture,  and  covered  by  the  Extensor  ten- 
dons.    The  inferior  calcanen-navicular  supplies  the  place  of  an  inferior  ligament. 

The  Synovial  Membrane  which  lines  the  joint  is  continued  forward  from  the 
anterior  calcaneo-astragaloid  articulation. 

Actions* — This  articulation  permits  of  considerable  mobility,  but  its  feebleness 
is  such  as  to  allow  occasionally  of  dislocation  of  the  other  bones  of  the  tarsus 
from  the  astragalus. 

The  trmuverae  tarsal  or  medio'tarsal  joint  is  formed  by  the  articulation  of  the 
OS  calcis  wdth  the  cuboid,  and  by  the  articulation  of  the  astragalus  with  the  nav- 
icular. The  movement  which  takes  place  in  this  joint  is  more  extensive  than  that 
in  the  other  tarsal  joints,  and  consists  of  a  sort  of  rotation  by  means  of  which  the 
sole  of  the  foot  may  be  slightly  flexed  and  extended  or  carried  inw-ard  and  outward. 

5.  The  Articulation  of  the  Navicular  with  the  Cuneiform  Bones. 
The  navicular  is  connected  to  the  three  cuneiform  bones  by 
Dorsal  and  Plantar  ligaments. 

The  Dorsal  Ligaments  are  small,  longitudinal  bands  of  fibrous  tissue  arranged 
as  three  bundles,  one  to  each  of  the  cuneiform  bones.  That  bundle  of  fibres 
which  connects  the  navicular  wvith  the  internal  cuneiform  is  continued  round  the 
inner  side  of  the  articulation  to  he  continuous  with  the  plantar  ligament  which 
connects  these  two  bones. 

The  Plantar  Ligaments  have  a  similar  arrangement  to  those  on  the  dorsum* 
They  are  strengthened  by  processes  given  oif  from  the  tendon  of  the  Tibialis  posticus. ' 

Actions. — The  movements  permitted  between  the  navicular  and  cuneiform 
bones  are  limited  to  a  slight  gliding  upon  each   other. 

The  Synovial  Membrane  of  theise  joints  is  part  of  the  great  tarsal  synovial 
membrane, 

6.  The  Articulation  of  the  Navicular   with  the  Cuboid. 

The  navicular  bone  is  connected  with  the  cuboid  by 

Dorsal,  Plantar,  and  Interosseous  ligaments. 

The  Dorsal  Ligament  consists  of  a  band  of  fibrous  tissue  which  passes  obliquely 
forward  and  outward  from  the  navicular  to  the  cuboid  bone. 

The  Plantar  Ligament  consists  of  a  band  of  fibrous  tissue  which  passes  nearlyl 
transversely  between  these  two  bones. 

The  Interosaeoua  Ligament  consists  of  strong  transverse  fibres  which  pass 
between  the  rough  non-articular  portions  of  the  lateral  surfaces  of  these  two 
bones. 

Actions. — The  movements  peiTnitted  between  the  navicular  and  cuboid  bones 
are  limited  to  a  slight  gliding  upon  each  other. 

The  Synovial  Membrane  of  this  joint  is  part  of  the  great  tarsal  synovial 
membrane. 

7.  The  Articulation  of  the  Cuneiform  Bones  with  each  other. 

These  bones  are  connected  together  by 

Dorsal,  Plantarj  and  Interosseous  ligament^s. 

The  Boraal  Ligaments  consist  of  two  bands  of  fibrous  tissue  which  pass  trans- 
versely, one  connecting  the  internal  with  the  middle  cuneiform,  and  the  other 
connecting   the   middle  with   the  external  cuneiform. 

The  Plantar  Ligaments  have  a  similar  arrangement  to  those  on  the  dorsum. 
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They  are  strengthened  by  the  processes  given  off  from  the  tendon  of  the  Tibialis 
posticus. 

The  Interosseoua  Ligaments  consist  of  strong  transverse  fibres  which  pass 
between  the  rough  non-articular  portions  of  the  lateral  surfaces  of  the  adjacent 
BUJieifnrm  bones. 

The  Synovial  Membrane  of  these  joints  is  part  of  the  great  tarsal  synovial 

abraue. 

Actions. — The  movements  permitted  between  the  cuneifoim  bones  are  limited 
to  a  slight  gliding  upon  each  other. 

8.  The  Articulation  of  the  External  Cuneiform  Bone  with  the  Cuboid. 

These  bones  are  connected  togetber  by 

Dorsal,  Plantar,  and  Interosseous  ligaments. 

The  Dorsal  Ligament  consists  of  a  band  of  fibrous  tissue  which  pasaes  trana* 
versely  between  the^e  two  bones. 

The  Plantar  Ligament  h\m  a  similar  arrangement.  It  is  strengthened  bv  a 
process  given  off  from  the   reiidou  of  the   Tibialis  posticus. 

The  InterosBeoiiB   Ligament   consists  of  strong   transverse  fibres  which   puss 
'  between  the  rough   non-articular   jiortions  of  the  lateral   surfaces  of  the  adjacent 
sides  of  these  t\\t\  l>ones» 

The  Synovial  Membrane  of  this  joint  is  part  of  the  great  tarsal  synovial 
membrane. 

Actions. — The  movements  permitted  between  the  external  cuneiform  and  cuboid 
are  limited  to  a  slight  gliding  upon  each  other. 

Nerve -supply  .—All  the  j*  tints  of  the  tarsus  are  supplied  by  the  anterior  tibial 
nerve. 

Surgical  Anatomy. — In  spite  of  the  great  strength  of  the  litramcnts  which  connect  the 
tarsal  buries  titgetber^  JislocatiuQ  at  s<imt!  of  the  t4irsiil  joints  does  oeL'Ji.sionally  occur ;  though,  cm 
racoount  of  the  spongy  charaeter  of  the  bones,  they  are  moRi  frequently  broken  than  disluoated. 
as  the  reault  of  violence.  When  dislocation  di>e.s  occur,  it  is  most  commonly  in  t'oimeetion  with 
the  fustragalui* ;  for  not  only  may  this  bone  be  dishicated  fn>ni  the  tibia  and  fibula  at  the  ankle- 
joint,  but  the  other  hones  may  be  dislocated  from  it,  the  trochlear  surface  of  the  hone  remaining 
itt  ftitu  in  the  ti bio- fibular  mortise.  This  constitutes  what  is  known  as  ih^d  rnhndrfigahm 
dislueation.  Or*  again,  the  astniij;!ilus  may  be  dislocated  tironi  all  its  connwtions — from  the 
tibia  and  fibula  aljove,  tlie  i>s  calcts  below,  and  the  navicular  in  fnjnt — and  may  even  undergo  a 
rotation,  either  on  a  vertical  or  horizontal  axis.  In  the  former  case  the  long  axis  of  the  hone 
becoming  dirc*cted  across  tlie  joint,  m  that  the  head  faces  the  articular  surface  on  one  or 
other  mEdlcolus;  or,  in  the  latu^r,  the  lateral  surfiw^es  becoming  direi^ted  upward  and  down- 
ward, si.i  that  the  trochlear  surface  facea  to  one  or  the  other  side.  Finally,  dishx-ation  may 
occur  at  the  medio -tarsal  joint,  the  anterior  tarsal  btjnes  being  luxated  from  the  aatragdus  and 
calcaneiim.  The  other  tarsal  bones  are  also^  occasionidlyt  though  rarely,  dislocated  from  their 
connections. 

¥1.   Tarsometatarsal  Articulations* 

These  are  arthrodial  joints.  The  hooes  entering  into  their  fonnation  are  four 
tarsal  bones— viz,  the  internal,  middle,  and  external  cuneiform  and  the  cuboid — 
iv'hich  articulate  with  the  metatarsal  hones  of  the  ^\'^  toes.  Tlie  metatart^al  bone 
of  the  great  toe  articulates  with  tbe  internal  cuneiform  ;  that  f»f  the  second  is 
deeply  wedged  in  between  tbe  internal  and  external  cuneiform,  resting  against  the 
middle  cuneiform,  and  being  the  most  strongly  articulated  of  all  the  metatarsiil 
bones;  the  third  metatarsal  articulates  with  the  extremity  of  the  external  cunei- 
form; the  fourth  with  the  ciib*jid  imd  external  cuneiform;  and  the  fifth*  with  the 
cuboid.  The  articular  surfaces  are  coveretl  with  cartilage,  lined  by  synovial 
membrane,  and  connected  together  by  the  following  ligaments : 

Dorsal.  Plantar.  Interosseons. 

The  Boraal  Ligaments  consist  of  strong,  flat,  fibrons  bands,  which  connect  the 
tarsal  with  the  metatarsal  bones.  The  first  metatarsal  is  connected  to  the  internal 
cuneiform  by  a  single  broad,    thin,    fibrous  band;  the  second  has  three  dorsal 
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ligaments,  one  f mm  ench  cuneiform  bone;  the  third  has  one  from  the  external 
cuneiform;  the  fourtb  has  two,  one  from  the  external  cuneiform  and  one  from  the 
cuboid;  and  the  fifth,  one  from  the  cubind. 

The  Plantar  Ligaments  coni^ist  of  longitudinal  and  oblifjue  fibrous  bands 
connectitiiK  the  tarsal  and  metatarsal  bones,  but  disposed  with  less  regularity  i 
than  oTi  tiie  dorsal  surface*  Thotie  for  the  first  and  isiecond  metatarsal  are  the  mosi 
strongly  marked ;  the  second  and  third  metatarsal  receive  strong  fibrous  banils 
which  fjass  obliquely  across  from  the  internal  cuneiform;  the  plantar  ligaments 
of  the  fourth  and  fifth  metatarsal  consist  of  a  few  scanty  fibres  derived  from  the 
cuboid. 

The  Interosseous  Ligaments  are  three  in  number — internal,  middle,  and  external. 
The  internaf  one  pas.^cs  from  the  outer  extremity  of  the  internal  cuneiform  to  the 
adjacent  auglc  of  the  second  metatarsal.  The  middle  one,  less  strong  than  the 
preceding,  connects  the  external  cuneiform  with  the  adjacent  angle  of  the  second 
metatarsal.  The  twfvnuil  interosseous  ligament  connects  the  outer  angle  of  the 
external  cuneiform  with  the  adjacent  side  of  the  third  metatarsaL 

The  Synovial  Membrane  between  the  internal  cuneiforTn  bone  and  the  first 
metatarsal  bone  is  a  distinct  sac.  The  synovial  membrane  between  the  middle  and 
external  cuneiform  behind,  an<l  the  second  and  third  metal arsal  bones  in  front,  is 
part  of  the  great  tarsal  syuov  lal  membrane.  Two  prolongations  are  sent  forward 
from  it — one  between  the  adjacent  sides  of  the  second  and  third  metatarsal  bones^j 
and  one  between  the  third  and  fourth  metatarsal  bones.  The  synovial  membrane ' 
between  the  cuboid  and  the  fourth  and  fifth  metatarsal  bones  is  a  distinct  sac.  From 
it  a  prolongation  is  sent  forward  between  the  fourth  and  fifth  metatarsal  bones. 

Actions. — The  movements  |iermitted  between  the  tarsal  and  metatarsal  bones 
are  limited  to  a  slight  gliding  upon  each  other. 


Articulations  of  the  Metatarsal  Boxes  with  each  other. 

The  base  of  the  first  metatarsal  bone  is  not  connected  with  the  second  mei 
tarsal  bone   by  any  ligaments ;  but  there  may   be  a  bursa  between  the   ^'  occa- 
sional "  facets  (see  page  807), 

The  bases  of  the  finir  outer  metatarsal  bones  are  connected  together  by  dorsal, 
plantar,  and  interosseous  liganjcnts. 

The  Dorsal  Ligaments  consist  of  bands  of  fibrous  tissue  which  pass  transversely 
between  the  adjacent  metatarsal  bones. 

The  Plantar  Ligaments  havt.*  a  similar  arrangement  to  those  on  the  dorsum. 

The  Interosseous  Ligaments  consist  of  strong  transverse  fibres  which  pass  between 
the  rough  noii-articnlar  porrioos  of  the  lateral  surfaces. 

The  Synovial  Membrane  between  the  second  and  third  and  the  third  and  fourth 
metatarsal  bones  is  pMrt  of  the  great  tarsal  synovial  membrane. 

The  synovial  membrane  between  the  fourth  and  fifth  metatarsal  bones  is  a 
prolongation  of  the  synovial  membrane  of  the  cubo-metatarsal  joint. 

Actions. — The  movement  permitted  in  the  tarsal  ends  of  the  metatarsal  bones 
is  limited  to  a  slight  gliding  of  the  articular  surfaces  upon  one  another. 

The  Synovial  Membranes  in  xrrE  Tarsal  and  Metatarsal  Joints. 

The  Synovial  Membranes  (Fig.  267)  found  in  the  articulations  of  the  tarsus 
and  metatarsus  are  six  in  number:  one  for  the  posterior  calcaneo-astragaloid 
articulation  ;  a  second  for  the  anterior  calcaneo-astragaloid  and  astragalo-navicular 
articulations;  a  third  for  the  ealcaneo-cidjoid  articulation;  and  a  fourth  fur  the 
articulations  of  the  navicular  with  the  three  cuneiform,  the  three  cuneifonn  with 
each  other,  the  external  cuneiform  with  t!je  cuboid,  and  the  middle  and  external 
cuneiform  with  the  basses  of  tlie  seci>nd  ami  thinl  metatarsal  bones,  and  the  lateral 
surfaces  of  the  second,  third,  and  fourth  metatarsal  bones  with  each  other;  a  fifih 
for  the  internal  cuneiform  with  the  metatarsal  bone  of  the  great  toe;  and  a  sixth 
for  the  articulation  of  the  cuboid  with  the  fourth  and  fifth  metatarsal  bones*     A 
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small  synovial  membrane  is  sometimea  found  between  the  contiguous  surfaces  of  the 
navicular  and  euboi<l  bones. 

Nerye-supply.— The  nerves  supplying  the  tarso-metatarsal  jointsi  are  derived 
from  the  anterior  tibial. 

The  digital  extremitieg  of  all  the  metatarsal  bones  are  connected  together  by 
the    transverse  wetatarml  UtpimtHt, 

The  Transverse  Metatarsal  Ligament  is  a  niirrow  fibrous  hand  which  pasi«es 
transvei^sely  across  the  anterior  extremities  of  all  the  metatarsal  bones,  connecting 
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Fro.  267,— Oblique  aecllun  of  the  articolutloti^  of  the  tarsuE  lyid  metatarsus.    Showing  the  six  synovial 
membranes. 

them  together.  It  is  blended  anteriorly  with  the  |dantar  (glenoid)  ligiuueni  of 
the  metatarso-pbalangeal  articulations.  To  its  posterior  border  is  connected  the 
fascia  covering  the  Interossei  museles.  Its  su])erficiiil  surface  is  concave  where 
the  Flexor  tendons  pass  over  it.  Beneath  it  the  tendons  of  the  Interossei  muscles 
pass  to  their  insertion.  It  differs  from  the  transverse  metacarpal  ligament  in  tbat 
it  connects  the  metatarsal  bvme  of  the  great  toe  witli  the  rest  of  the  metatarsal 
bones. 

VII.  Metatarso*pbalangeal  Articulatioiis. 

Themetatarso-phahuigeal  articulations  are  of  the  condyhud  kind»  formed  by  the 
reception  of  the  rounded  head  of  the  metatarsal  bone  intoasttperficia!  cavity  in  the 
extremity  of  the  6rst  pbahinx. 

The  ligaments  are — 

Phiutar.  Two  Lateral. 

The  Plantar  Ligaments  (Glenoid  ligaments  of  Cruveilhier)  are  thick,  dense, 
fibrous  structures.  Each  is  jdaccd  on  the  plantar  surface  of  the  joint  in  the 
interval  between  the  lateral  li*mments,  to  which  they  are  ctmnected  ;  tliey  arc 
loosely  unitetl  to  the  metatarsal  bone,  but  very  firmly  to  the  base  of  the  first 
phalanges.  Their  plantar  stirface  is  intimately  blended  with  tbe  transverse  meta- 
tarsal ligament,  and  (iresents  a  groove  for  the  passage  of  the  Fiexor  tendons,  the 
gheath  surrounding  which  is  connected  to  each  side  of  the  groove.  By  their  deep 
giirfacc  they  form  part  of  the  articuh*r  surface  for  the  bead  of  the  metatarsal  bune, 
and  are  lined  by  a  synovial  lucmbranc. 

The  Lateral  Ligaments  are  strong,  rounded  cords,  jdaced  one  on  each  side  of  the 
joint,  each  being  attached,  by  one  extremity,  to  the  posterior  tubercle  on  the  side  of 
the  head  of  the  metatarsal  bone  ;  and,  by  the  other,  to  the  contiguous  extremity  of 
the  phalanx. 

Tbe  Posterior  Ligament  is  supplied  by  the  extensor  tendon  placed  over  the  back 
of  the  j-'int. 

Actions. ^^The  movements  permitted  in  the  metatarso-pbalangeal  articulations 
are  flexion,  extension,  abduction,  and  adduction. 
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Vm.  Articulations  of  the  Plialaiiges. 
The  articulations  of  the  phalanges  are  gingljinus  joints. 
The  ligaments  are — 

Plantar.  Two  Lateral. 

The  arrangement  of  these  ligaments  is  similar  to  those  in  the  metatarso- 
phalangeal articulations  ;  the  extensor  tendon  supplies  the  place  of  a  posterior 
ligament. 

Actions. — The  only  movements  permitted  in  the  phalangeal  joints  are  flexion 
and  extension;  these  movements  are  more  extensive  between  the  first  and  second 
phalanges  than  between  the  second  and  third.  The  movement  of  flexion  is  very 
considerable,  but  extension  is  limited  bj'  the  anterior  and  lateral  ligaments. 

Surface  Form. — ^The  principal  jointa  which  it  is  necessary  to  distinguish,  with  regard  to  the 
surgery  of  the  loot,  are  the  medio-tarsal  and  the  tarso- metatarsal  joints.  The  joint  iMwecn  the 
Mtra.iy^ahis  and  the  naviyalar  is  best  found  by  means  uf  the  tutierele  of  the  navicular  bone,  for 
the  line  of  the  joiat  is  immediately  Ix^hind  this  prtx^ess.  If  the  lf>ot  is*  priisped  and  lbix;iblv 
extended^  a  njunded  prominence*  the  head  of  ibe  astragalus,  will  api«ear  on  the  inner  side  of 
the  dori*iina  in  frtnit  of  the  aakle-joint,  and  if  a  knife  is  earned  downward,  just  in  front  of  ihis 
prominent  and  behind  the  line  of  the  navicular  tabercle,  it  will  enter  the  jistragalo-navioular 
joint.  The  caleaneo-enlM^id  Joint  i.s  situated  midway  between  the  external  malleolus  and  the 
prominent  end  of  the  fifth  inetatari^al  bone.  The  plane  of  the  joint  is  in  the  siune  line  as  that 
of  the  astragalo-navicular  Tlie  position  of,  the  joint  between  the  fiilh  metatarsal  bone  and  the 
cubfjid  is  ea«iy  i;>nnil  by  the  nrojeetion  of  the  fifth  metatarsal  boae,  whicfi  is  the  guide  to  it. 
The  direi'tion  nf  the  line  of  the  joint  is  xi^TV  oblique,  so  that,  if  eontirmed  onward,  it  would 
pass  through  the  heaii  td'  the  first  metatarsal  bone.  The  joiat  between  the  fburtli  metatarsal 
hone  and  the  euboid  and  external  runeiform  is  the  direct  continuation  inward  id"  the  previous 
joint,  bat  its  plane  is  less  oblinue  ;  it  would  l>e  represeated  by  a  line  drawn  frotn  the  outer  side 
of  the  articulation  to  the  middle  of  the  first  metatarsal  bone.  The  plane  of  the  joint  between 
the  thinl  eietatarsal  bone  and  the  external  euueiform  is  alair>iit  transveree.  It  would  l>e  repre- 
isented  by  %  line  drawn  from  the  oater  side  of  the  joint  to  the  kif^e  id*  the  first  metatarsal  l«jne. 
Th*  tarso-metatarsid  artieulation  of  the  great  toe  eorresjxmds  to  a  groove  which  can  be  felt  by 
making  firm  pressure  on  the  itmer  i^ide  of  the  foot  one  iueh  in  froat  of  the  iuWrele  on  the 
navicular  b<>ne;  and  the  joint  between  the  peeond  metatarsal  bone  and  the  middle  cuneiform  is 
to  be  found  on  the  dorsum  of  the  foot,  half  an  ineh  tiehind  the  level  of  the  tarR» -metatarsal 
joint  of  the  great  toe.  The  line  td'  the  joints  between  the  nu^tmtan^al  bones  and  the  first 
phalanges  is  about  an  inch  behind  the  webs  of  the  eorre.cSpo tiding  toes. 


THE  MUSCLES  AND  FASCIJ].^ 


THE  Muscles  are  eontieeted  with  the  bones,  cartilages,  ligaments,  and  skin, 
either  directly  or  through  the  intervention  of  fibrous  structures  called  tendons 
or  aponeuroses.  Where  a  niusrle  is  attached  to  bone  or  cartilage,  the  fibres  ter- 
minate in  bhnit  extremities  yjMUi  the  periosteum  or  perichondrium,  and  do  not 
come  into  ilirect  relation  with  the  osseous  or  cartilaginous  tissue.  Where  muscles 
are  connected  with  the  skin,  they  either  lie  as  a  fattened  layer  beneath  it,  or  are 
connected  with  its  areolar  tissue  by  larger  or  smaller  bundles  of  fibres,  aa  in  the 
muscles  of  the  face. 

The  muscles  vary  extremely  in  their  form*  In  the  limlm,  they  are  of  consid- 
erahle  length,  especially  the  move  superficial  ones,  the  deep  ones  being  generally 
broad  ;  they  surround  the  bones  and  form  an  important  protection  to  the  varifuis 
jointij.  In  the  trunk  they  are  broad,  flattened,  and  expanded,  forming  the  parietes 
of  the  cavities  which  they  enclose:  hence  the  reason  of  the  terms,  lont/^  broady 
shorty  etc.,  used  in  the  description   of  a  muscle. 

There  is  a  considerable  variation  in  the  arrangement  of  the  fibres  of  certain 
muscles  with  reference  to  the  temlons  to  wliicb  they  are  attached.  In  some,  the 
fibres  are  parallel  and  run  directly  from  their  origin  to  their  insertion  ;  these  are 
quadribiteral  muscles,  such  as  the  Thyro-hyoid,  A  modification  of  these  is  found 
in  the  fusiform  muscles,  in  which  the  fibres  are  not  qnite  parallel,  but  slightly 
curved,  so  that  the  muscle  tapers  at  each  end;  in  their  action^  however,  they 
resemble  the  r|uadri lateral  museles.  Secondly,  in  other  muscles  the  fibres  are 
convergent;  arising  by  a  broad  origin,  tbey  converge  to  a  narrow  or  pointed 
insertion.  This  arrangement  of  fibres  is  founil  in  the  triangular  muscles — <\  f/,  the 
Temporal*  In  some  muscles,  which  otherwise  would  belong  to  the  rjuadrilateral 
or  triangular  type,  the  origin  and  insertirm  are  not  in  the  same  ]dane,  but  the  plane 
of  the  line  of  origin  intersects  that  of  tlieir  insertion  ;  such  is  the  case  in  the 
Pectineus  muscle.  Thirdly,  in  some  muscles  the  fibres  are  itbliqiie  and  converge, 
like  the  plumes  of  a  pen,  to  one  side  of  a  tendon,  which  runs  the  entire  lengtii  of 
the  muscle,  Sucli  a  muscle  is  rhomboidal  or  penniform,  as  the  Peronei.  A 
modification  of  these  rhomboidal  muscles  is  found  in  those  cases  where  oblique  fibres 
converge  to  both  sides  of  a  central  tendon  which  runs  down  the  middle  of  the 
muscle  ;  these  are  called  bipenniform,  and  an  example  is  aflbrded  in  the  Rectus 
femoris.  Finally,  we  have  muscles  in  which  the  fibres  are  arrangeil  in  curved 
bundles  iri  one  or  more  planes,  as  iu  the  Sphincter  muscles.  The  arrangement  of 
the  muscular  fibres  is  of  considerable  im|>ortaince  in  respect  to  their  relative 
strength  and  range  of  movement.  Those  muscles  where  the  fibres  are  long  and 
few  in  number  have  great  range,  but  diminished  strength;  where,  on  the  other 
hand,  the  fibres  are  short  and  more  numerous,  there  is  great  power,  but  lessened 
i^nge. 

Muscles  differ  much  in  size:  the  Gastrocnemius  forma  the  chief  bulk  of  the 
back  of  the  leg,  and  the  fibres  of  the  Sartorius  are  nearly  two  feet  in  length,  whilst 

'The  Muscles  and  Fase'uv  are  dest'ribeil  ixinjointlj,  In  order  that  the  student  maj  cxinHider  ihe 
urmngt'rut'iit  of  the  latter  in  hie  diHsectioii  nf  the  turmer.  It  b  rare  for  Lhe  »tudct^t  of  unatoniy  in  this 
country  to  have  the  opportunity  <>(  di**octin^  the  (il^'Uv  separately ;  and  it  i?+  for  this  re«son,  as  well 
af>  from  tlie  close  oonneetioii  tlisii  exists  between  the  miistles  and  their  investing  sheatli^'^^  that  ihey  are 
considered  togi.^ther.  Some  ireneral  uhservatinng  arc  tirst  made  on  the  anatomy  of  the  muscles  and 
fasciae^  the  special  description  being  given  in  connection  with  the  diflerent  regioiis. 
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the  Stapedius,  a  small  muscle  of  the  internal  ear,  weighs  about  rngmn,  and  ita 
fibres  are  not  more  than  two  lines  in  length. 

The  names  applied  to  the  various  mugicles  have  been  derived — 1,  from  their 
situation,  as  the  Tibialis^  Radialis,  I  Inari^.  Peroneus;  2,  from  their  direction,  as 
the  Rectus  abd(iminis,  Obliqui  eajutis,  Tnuisvei-salis ;  3,  from  their  uses,  as  Flexors, 
Extensors,  Abductors,  etc, ;  4.  from  their  shape,  as  the  Deltoid,  Trapezius,  Rhom- 
boideiis;  5,  from  the  number  of  their  divisions,  as  the  Biceps,  the  Triceps;  6, 
from  their  points  of  attachment,  as  the  Sterno-cleido-mastoid,  Sterno-hyoid, 
Sterno-thyroid, 

In  the  description  of  a  muscle  the  term  origin  is  meant  to  imply  its  more  fixed 
or  central  attachment  and  the  term  insertion,  the  movable  point  to  which  the 
force  of  the  raiiscle  is  directed;  but  the  origin  is  absolntely  fixed  in  only  a  very 
small  number  of  muscles,  such  as  those  of  the  face,  which  are  attached  by  oue 
extremity  to  the  bone  and  by  the  other  to  the  movable  integument;  in  the  greater 
number  the  muscle  can  be  made  to  act  from  either  extremity. 

In  the  dissection  of  the  muscles  the  student  should  pay  especial  attention  to 
the  exact  origin,  hufertion,  and  iU'tmns  of  each,  and  its  more  important  relations 
wirh  surrounding  parts.  An  accurate  knowledge  «d'  the  points  of  attachment  of 
the  muscles  is  of  great  impt>rtance  in  the  determination  of  their  action.  By  a 
knowledge  of  the  action  of  the  muscles  the  surgecui  is  able  to  explain  the  causes 
of  displacement  in  various  forms  of  fracture  and  the  causes  which  produce 
distortion  in  various  deformities,  and,  cnnset|uently,  to  adopt  afipropriate  trc-at- 
ment  in  each  case.  The  relations,  also,  «if  some  of  the  muscles,  especially  those  in 
immediate  apposition  with  the  larger  blood-vessels,  and  the  surface-markings  they 
produce,  should  be  especially  remembered,  as  they  form  useful  guides  in  the 
application   of  a  ligature  to  those  vessels. 

Tendona  are  white,  glistening,  fibnnis  cords,  varying  in  length  and  thickness, 
sometimes  round,  sometimes  flattened,  of  considerable  strength,  and  devoid  of 
elasticity.  They  cunsist  almost  entirely  of  white  fibrous  tissue,  the  fibrils  of 
which  have  an  undulating  course  parallel  with  each  other  and  are  firmly  united 
together.  They  are  very  spai-ingly  supplied  with  blood- vessels,  the  smaller 
tendons  presenting  in  their  interior  not  a  trace  of  them-  Nerves  also  are  not 
present  in  the  smaller  tendons,  but  the  larger  ones,  as  the  tendo  Achillis,  receive 
nerves  which  ace<im]>any  the  nutrient  vessels.  The  tendons  consist  principally  of 
&  substance  which  yields  gelatin. 

Aponeuroses  are  flattened  or  ribbon-shaped  tendons,  of  a  pearly- white  color, 
iridescent,  glistening,  and  similar  in  structure  to  the  tendons.  They  are  destitute 
of  nerves,  and  the  thicker  ones  only  sparingly  supplied  with  blood-vessels* 

The  tendons  and  a|ioneuroses  are  connected,  on  the  one  hand,  with  the  muscles, 
and,  on  the  other  hand,  with  the  movable  structures,  as  the  bones,  cartilages, 
ligaments,  fibrous  membranes  (fur  instance,  the  sclerotic),  and  the  synovial  mem- 
l^ranes  {subcrureus).  Where  the  muscular  fibres  are  in  a  direct  line  with  those 
of  the  tendon  or  aponeurosis,  the  two  are  directly  continuous,  the  muscular  hbre 
being  distinguishable  from  that  of  the  tendon  only  by  its  strialion.  But  where 
the  muscular  fibre  joins  the  tendon  or  aponeurosis  at  an  obliijue  angle  the  former 
terminates,  acci)rding  to  KolHker,  in  rounded  extremities,  which  are  received 
into  corresponding  depressions  on  I  he  surfaci*  of  the  latter,  the  connective  tissue 
between  the  fibres  being  continuous  with  thai  of  the  tendon.  The  latter  mode 
of  attachment  occurs  in  all  the  penniform  and  bipenniform  muscles,  and  in 
those  muscles  the  tendons  of  which  commence  in  a  membranous  form,  as  the 
Gastrocnemius  and  Soleus. 

The  fascia?  {faseia,  a  bandage)  are  fibro-areolar  or  a])oneinf»tic  hnuinse  of 
variable  thickness  and  strength,  found  in  all  regions  of  the  body,  investing  the 
softer  and  more  delicate  organs.  The  fasciae  have  been  subdivided,  from  the 
Situation  in  which  they  are  found,  into  two  groups,  superficial  and  deep. 

The  miperfieiiil  fageia  is  found  immediately  beneath  the  integument  over  almost 
the  entire  surface  of  the  body.     It  connects  the  akin  with  the  tleep  or  aponeurotic 
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scia,  and  consists  of  fibro-arcjlar  tissue,  containing  in  its  mefthea  pellicles  of  fat 
in  varying  (piantity.  In  the  eyelids  and  scrotum,  wliere  adipose  tissue  is  rarely 
deposited,  this*  tissue  is  very  liable  to  serous  infiltration.  The  snperfieial  fascia 
varies  in  thickness  in  different  parts  of  the  body :  in  the  groin  it  is  so  thick  as  to 
be  capable  <*f  being  subdivided  in  several  hiininiie,  but  in  the  palm  of  the  hand  it 
is  of  extreme  thinness  and  inrioiately  adherent  to  the  iutegument*  The  sujierficial 
fascia  is  capable  of  separation  into  two  or  more  layers,  between  which  are  found  the 
superficial  vessels  and  nerves,  as  the  snperfieial  epigastric  vessels  in  the  abdominal 
region,  the  radial  and  nlnar  veins  in  the  fort-arm,  the  saphenons  veins  in  the  leg 
and  thigh,  and  the  superficial  lymphatic  glands  ;  certain  cutaneous  muscles  also  are 
■  situated  in  the  superficial  fascia,  as  the  IMatysma  myoides  in  the  neck,  and  the 
Orhienlai'is  palpebrarum  around  the  eyelids.  This  fascia  is  most  distinct  at  the 
lower  ]>art  of  the  abdomen,  the  scrotum,  perin:>?umH,  and  extremities;  is  \tTy  thin 
in  those  regions  where  muscular  fibres  are  inserted  into  the  integument,  as  on  the 
side  of  the  neck,  the  face,  and  around  the  nmrgin  of  the  anus.  It  is  very  dense 
_in  the  scalp,  in  the  pa  bus  of  the  hands,  and  soles  of  the  feet,  forming  a  fibro-fatty 
flayer  which  binds  the  integument  firmly  to  the  subjacent  structure. 

The  superficial  fascia  connects  the  skin  to  the  sul>jaeent  parts,  facilitates  the 
movement  of  the  skin*  serves  as  a  soft  medium  for  the  passage  of  vessels  and  nerves 
to  the  integument,  and  retains  the  warmth  of  the  body,  since  the  fat  contained  in 
its  areoIiiB  is  a  bad  conductor  of  hejit. 

The  deep  fagtia  is  a  dejise,  inelastic,  unyielding  fibrous  membrane,  forming 
sheaths  for  the  muscles  and  affording  them  broad  surfaces  for  attachment.  It 
consists  of  shining  tendinous  fibres,  placed  parallel  with  one  another,  and  connected 
together  by  other  fibres  disposed  in  a  rectilinear  manner.  It  is  tisually  exposed  on 
the  removal  of  the  superficial  fascia,  forming  a  strong  investment,  which  not  only 
binds  down  collectively  the  muscles  in  each  region,  but  gives  a  separate  sheath  to 
each*  as  well  as  to  the  vessels  and  nerves.  The  faseiiti  are  thick  in  unprotected 
sitiuitions,  as  »jn  the  outer  side  of  a  liml),  and  thinner  on  the  inner  side.  The  deep 
fasci*  a.ssist  the  muscles  in  their  acli<ui  by  the  liegree  of  tension  and  |0'essure  they 
make  upon  their  surface ;  and  in  certain  situations  this  is  increase*!  and  regulated 
by  muscrilar  action ;  as,  fi^r  instance,  by  the  Tensor  vaginje  femoris  and  (jlutens 
maximns  in  the  thigh,  by  the  Biceps  in  the  npper  and  lower  extremities,  and 
Palmaris  longus  in  the  hand.  In  the  liud»s  the  fascite  not  only  invest  the  entire 
limb,  but  give  off  septa  which  separate  tlie  various  muscles,  and  are  attacbed 
beneath  to  the  periosteum  :  these  jirolongati^ms  of  fasciie  are  usually  spoken  of  as 
interm  uscida  r  septa. 

The  Muscles  and  Fascite  may  he  arranged,  according  to  tlie  general  divisicm 
of  the  body,  into  those  of  the  craninm,  face,  and  neck  ;  those  of  the  trunk  ;  those  of 
the  upper  extremity ;  and  those  of  the  lower  extremity* 

MUSCLES  AND  FASCIA  OF  THE   CRANroM  AND  FACE, 

The  muscles  of  the  Oraniiim  and  Face  consist  of  ten  groups,  arrangetl  according 
to  the  region  in  which  they  are  situated: 


1.  Cranial  Region. 

2.  Auricular  Region, 

3.  Palpebral  Region, 

4.  Orbital  Region. 

5.  Nasal  Reirion. 


6.  Superior  Maxillary  Region. 

7.  Inferior  Maxillary  Region. 

8.  Intermaxillary  Region. 

9.  Temporo-maxillary  Region. 
10,   Ptery go-maxillary  Region. 


The  muscles  contained  in  each  of  the.se  groups  are  the  following: 


1.    Cranial  Brf/ion. 
Occi  pi  to-frontal  is. 


2.   Auriadar  Region, 
Attollens  aurem. 
Attrahens  aurem. 
Ret ra hens  aurem. 
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3.  Palpebral  Region, 

Orbicularis  palpebrarum. 
Corrugator  supercilii* 
Tensor  tarsi. 

4.  Orbital  Region. 

Levator  palpebral. 
Rectus  superior. 
Rectus  inferior. 
Rectus  internus. 
Rectus  externus. 
Obliquus  superior. 
Obliquus  inferior. 

5.  Nasal  Region. 

Pyramidalis  nasi. 

Levator  labii  superioris  alaeque  nasi. 

Dilatator  naris  posterior. 

Dilatator  naris  anterior. 

Compressor  nasi. 

Compressor  narium  minor. 

Depressor  alae  nasi. 


6.  Superior  Maxillary  Region. 

Levator  labii  superioris. 
Levator  anguli  oris. 
Zygomaticus  major. 
Zygomaticus  minor. 

7.  Inferior  Maxillary  Region. 

Levator  labii  inferioris. 
Depressor  labii  inferioris. 
Depressor  anguli  oris. 

8.  Intermaxillary  Region. 

Buccinator. 
Risorius. 
Orbicularis  oris. 

9.  Temporo-maanllary  Region. 

Masseter. 
Temporal. 

10.  Pterygo-maxillary  Region. 

Pterygoideus  externus. 
Pterygoideus  internus. 


1.  Cranial  Region— Occipito-frontalis. 

Dissection  (Fig.  268).— The  head  bein^  shaved,  and  a  block  placed  beneath  the  back  of 
the  neck,  make  a  verti^  incision  throu^  the  skin  from  before  backward,  commencing 
at  the  root  of  the  nose  in  front,  and  termmating  behind  at  the  occipital  protuberance ;  make 


1.  Dissection  of  scalp. 


£j  S,  of  auricular  region. 


Fiu.  268.~Dissection  of  the  head,  foce,  and  neck. 

a  second  incision  in  a  horizontal  direction  along  the  forehead  and  round  the  side  of  the 
head,  from  the  anterior  to  the  posterior  extremity  of  the  preceding.  Raise  the  skin  in  front, 
from  the  subjacent  muscle,  from  below  upward ;  this  must  be  done  with  extreme  care, 
Temo\nng  the  integument  from  the  outer  surface  of  the  vessels  and  the  nerves  which  lie 
between  the  two. 

The  Skin  of  the  Scalp. — This  is  thicker  than  in  any  other  part  of  the  body.     It 
is  intimately  adherent  to  the  superficial  fascia.     The  hair-follicles  are  very  closely 


Fio,  360.— Muscle*  of  the  head,  face,  and  neck. 

nous  aponeurosis;  it  is  continnous,  behind,  with  the  superficial  fiiscia  at  the  back 
part  of  the  Deck  ;  and,  laterally,  is  continued  over  the  temporal  fjiscia.  It  con- 
tains between  its  layers  tht;  superficial  vessels  and  nerves  and  much  granular  fat. 
The  Occipito-frontaUs  (Fi^.  209)  is  a  broad  musctilo-tibrous  layer,  which  covers 
the  whole  of  one  ^ide  of  the  vertex  of  tlie  skulK  from  the  occiput  to  the  eyebrow* 
It  consists  of  two  muscular  slips.  Heparnied  by  an  interveniuf^  tendinous  apotjeurosis. 
The  orctpitftl  jtortuni,  tbin,  ^[uadrilateriil  in  fMvuu  and  about  an  inch  and  a  half  in 
length,  arises  from  the  outer  tw^i-thirds  of  the  ?iiiperior  curve<lline  of  the  occipital 
bone,  and  from  the  mastoid  portion  of  the  tem]>oraK  Its  fibres  of  origin  are 
tendinous,  but  they  soon  1>ec<une  muscular,  and  ascend  in  a  parallel  direction  to 
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terminate  in  a  tendinous  aponeurosis,  ^he  frontal  partion  is  thin,  of  a  quadri- 
lateral form,  and  intimately  adherent  to  the  superficial  fascia.  It  is  broaden  its 
fibres  are  longer,  and  their  structure  paler  than  the  occipital  portion.  Its  internal 
fibres  are  continuous  with  those  of  the  Pyramidalis  nasi.  Its  middle  fibres  become 
blended  with  the  Corrugator  supercilii  and  (h-bicularia  palpebrarum;  and  the 
outer  fibres  are  also  blended  with  the  latter  muscle  over  the  external  angular  pro- 
cess. According  to  Theile,  the  innermost  fibres  are  attached  to  the  nasal  bones, 
the  outer  to  the  external  angular  process  of  the  frontal  bone*  From  these 
attachments  the  fibres  are  directed  upwanl,  and  join  the  aponeurosis  below  the 
coronal  suture.  The  inner  margins  of  the  frontal  portions  of  the  two  muscles  are 
joined  together  for  some  distance  above  the  root  of  the  nose  ;  but  between  the 
occipital  portions  there  is  a  considerable,  though  variable,  interval,  which  is  occupied 
by  the  aponeurosis. 

The  aponeurosis  covers  the  upper  part  of  the  vertex  of  the  skull,  being 
continuous  across  the  uiiddle  line  with  the  aponeurosis  of  the  opposite  muscle. 
Behind,  it  is  attached,  in  the  interval  between  the  <fccipital  origins,  to  the  occipital 
protuberance  and  superior  curved  lines  above  the  attachment  of  the  Trapezius  ;  in 
front,  it  fonns  a  short  and  narrow  prolongation  between  the  frontal  portions;  and 
on  each  side  it  has  connected  with  it  the  Attollens  and  Attrahens  aurem  muscles  ; 
in  this  situation  it  loses  its  aponeurotic  character,  and  is  continued  over  the 
temporal  fascia  to  the  zygoma  as  a  layer  of  lumiuated  areolar  tissue.  This 
aponeurosis  is  cb>sely  connected  to  the  integument  by  the  firm,  dense,  fibro- 
fatty  layer,  which  forms  the  superficial  fascia;  it  is  connected  with  the  pericranium 
by  loose  cellular  tissue^  which  allows  of  a  considerable  degree  of  movement  of  the 
integifment, 

Nerves.' — ^The  frontal  portion  of  the  Occipito-fron talis  is  supjdied  by  the  facial 
nerve ;  its  occipital  portion  by  the  posterior  auricular  branch  of  the  facial,  and 
sometimes  by  the  occipitalis  minor. 

Actions. — The  fnuital  portion  of  the  muscle  raises  the  eyebrows  and  the  skin 
over  the  root  of  the  nose»  and  at  the  same  time  draws  the  scalp  forward,  throwing 
the  integument  of  the  forehead  into  transverse  wrinkles.  The  posterior  jiortion 
draws  the  scalp  backward.  By  bringing  alternately  into  action  the  frontal  and 
occipital  portions  the  entire  scalp  may  be  moved  fru'ward  and  backward.  In  the 
ordinary  action  of  the  muscles,  the  eyebrows  are  elevated,  and  at  the  same  time 
the  apojieurosis  is  fixed  by  the  posterior  portion,  thus  giving  to  the  face  the 
expression  of  surprise :  if  the  action  is  more  exaggerated,  the  eyebrows  are  still 
further  raised,  and  the  skin  of  the  forehead  thrown  into  transverse  wrinkles,  as  in 
the  expression  of  fright  or  horror. 

2.  Auricular  Region  (Fig.  2t]0). 

Attrahens  aurem.  Attollens  aurem. 

Retrahens  aurem. 

These  three  small  muscles  are  ]daced  immc<liately  beneath  the  skin  around  the 

external  ear.      In  man,  in  whom  the  external  ear  is  almost  immovable,  they  are 

rudimentary.     They  are  the  analogues  of  large  and  important  muscles  in  some  of 

the  mammalia. 

Dissection.— This  requires  considerable  care,  atid  shoalrl  be  perfoniu-tl  \n  the  following 
manner:  Tu  expose  the  Att<»lk!!is  uureiiu  draw  tht!  ]ymmi  or  I m ad  part  of  the  car  downward, 
when  a  tens«i  band  will  ]m  frk  bent^fifb  the  skin,  p^tssiiip  fri)ni  the  »ide  of  the  heutl  to  the 
upper  part  of  the  <'i>n<'lia;  by  diviiiin^'  tlie  i^kifi  nver  this  band*  in  a  diret'tion  frniu  Ijelnw 
Qpwanl,  and  thrn  ivflcTtiiji?  it  on  tnieli  side,  the  inust'le  is  exposed.  To  brihir  into  vhw  the 
Altndienfti  tiuri'Jii,  draw  the  helix  baekwar*!  hy  uieans  of  a  hook,  wlica  the  uiO!?<-le  will  l>e  made 
tense,  and  niity  be  e!v)M>j.ril  in  a  i<injilar  manik-r  t*»  the  |>reeeilinii^.  To  exjiose  the  RHrahona 
aurem,  draw  the  pinna  fbrwanl.  when  the  musele.  being  made  tense,  may  be  I'elt  Iteneath  the 
skin  at  its  insertion  into  the  back  part  of  the  concha*  and  may  he  exposed  in  the  same  manner 
aa  the  other  niufleles. 

The  Attrahens  aurem  (AifrfVifJfirtn  tntfrnfir)^  the  smallest  of  the  three,  is  thin, 
fan-shaped,  aud  its  fibres  pale  and  indistinct;  they  arise  from  the  lateral  edge  of 
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the  aponeurosia  of  the  Occi  pi  tr>froii  talis,  and  cod  verge  to  be  icserted  into  a 
prajeetion   on  the  front  of  the  helix. 

Relations. — SuperfirlaUji,  with  the  &kin  ;  Jrephf^  with  the  areolar  tissue  derived 
from  the  ;i|joiieurosiH  uf  the  Oecipito-frontalia,  beneath  which  are  the  temporal 
'  arterv   \x\i<\   vein  and  the  temporal   fascia. 

Tlie  AttoHens  aurem  (Aurk-uhxriH  superior),  the  largest  of  thi^  three,  is  thin 
and  fiin-sbaped :  its  lib  res  arise  from  the  aponeurosis  of  the  Occipito-frontalis  and 
converge  to  be  inserted  by  a  thin,  flattened  tendon  into  the  upper  part  of  the 
cranial  stirfaee  of  the  pinna* 

Relations* — SaprrJii'iaNi/,  with  the  integument;  deepb/,  with  the  areolar  tissue 
derived  from  the  aponeurosis  of  the  Occipito-frontalis,  beneath  which  is  the  temporal 
fascia. 

The  Eetrahens  aurem  {AHriculart»  posterior)  consists  of  two  or  three  fleshy 
fasciculi,  which  arise  frrjm  the  mastoid  portion  of  the  temporal  bone  by  short 
aponeurotic  fibres.  They  are  inserted  into  the  lower  part  of  the  cranial  surface 
of  the  concha. 

Relations. — SuperJiviaUf/^  with  the  integument ;  deeply^  with  the  mastoid  portion 
of  the  temporal  bone. 

Nerves. —The  Attrahcns  and  Attollens  aurem  are  sup  [died  by  the  temporal 
branch  of  the  facial ;  the  Retrahens  aurem  is  supplied  by  the  posterior  auricular 
braneh  of  the  same  nerve. 

Actions. — ^In  man,  these  muscles  possess  very  little  action :  the  Attrahens  aurem 
draws  the  ear  forward  and  upward  ;  the  Attollens  aurem  slightly  raises  it;  and  the 
Retrahens  aurem  draws  it  backward. 


3,  Palpebral  Eegion  (Fig.  269). 
Orbicularis  paljjcbrarym.  Levator  palpebri3e. 


Corrugator  supcrcilii. 


Tensor  tarsi. 


Dissection  (FijLT.  256). —In  nrder  to  eximso  the  uiuscks  of  the  fiK-e,  contitme  the  lonu^i- 
tudiiial  incisiuii  madt*  in  the  disseetiun  of  the  O^'cipito-fmntalis  dtiwn  the  nitMlian  liJie  of  ihc 
face  to  the  tip  of  the  iiose,^  and  from  this  iNjint  onward  to  the  anper  lip;  and  carry  unut her 
incision  aloni;  the  margin  of  th«  lip  to  th*^  angle  of  the  moutli,  and  Lransver^Oy  across  thi'  face 
to  the  angle  L^f  the  jaw.  Then  niate  an  incisioii  m  (rofit  of  the  external  ear*  IVom  the  angle  of 
the  jaw  upward,  t*)  join  the  transverse  inei-sion  made  in  exposinji^  the  Owi[>ito-fi"untalis. 
These  inLUsioas  include  a  stpiarc -shaped  flap,  whiclj  shuuld  be  reiDuved  in  the  direction  marked 
in  the  tij^iweT  with  care,  as  the  muscles  at  some  points  are  intiniately  adherent  to  the 
integameat. 

The  Orbicularis  palpebrarum  is  a  sphincter  muscle,  which  surrounds  the  cir- 
cumferenee  of  the  orfiit  and  eyelids.  It  arises  from  the  interna)  angidar  process 
of  the  frontal  b<me,  froju  the  na.sal  j>rocess  of  the  superior  maxillary  in  front  of  the 
1  a c h r y  ui a  1  g r < m  v e  f o r  the  n a sa I  d u c t ,  and  from  t h e  a n t e r i o r  s u r fa ce  an d  b f i r d e r s  td'  a 
short  tendon,  the  tftitlo ptfljfvhrtfruitt,  placed  at  the  inner  angle  of  the  orbit.  From 
this  origin  the  fibres  are  directed  outward,  forming  a  broad,  thin,  and  flat  layen 
which  covers  the  eyelids,  surrounds  the  circumference  of  the  orbit,  and  spreads  out 
over  the  temjde  and  downward  on  the  cheek.  The  jiali>ebral  portion  (ciliaris)of  the 
Orbicuhuis  is  thin  and  pale  ;  it  arises  fn>m  the  bifurcatinu  of  the  teudo  palpebrarum, 
and  forms  a  series  ofconcentric  curves,  which  are  united  an  the  outer  sitle  of  the  eye- 
lids at  an  acute  angle  by  a  cellular  raphe,  some  being  inserted  into  the  external  tarsal 
ligament  and  malar  bone.  The  orbicular  portion  (orbicularis  latus)  is  thicker  and 
of  »  reddish  color:  its  fibres  are  well  developed,  and  form  complete  ellipses.  The 
upper  fibres  of  this  portion  blend  with  the  Occi^dto-frnntalis  and  Corrugator 
supercilii, 

Belations.^ — By  its  superfirtal  gnrfmre,  with  the  integument.  By  its  deep 
Burfacey  abo\^e,  with  the  Uccijuto-frontalis  and  Oorrugatnr  supercilii,  with  which 
it  is  intimately  blended,  and  with  the  supra-orbital  vessels  and  nerve;  below,  it 
covers  the  lachrymal  sac,  and  the  origin  ctf  the  Levator  labii  superioris  al^que 
nasi,  the  Levator  labii  superioris,  and   the  Zygomaticus  minor  muscles.     Inter- 
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nalh/y  it  is  occasionallj  blended  with  the  Pyramidalis  nasi.  Externally^  it  liea 
on  the  temporal  fascia.  Un  the  eyelids  it  is  separated  from  the  conjunctiva  by 
the  Levator  palpebne,  the  tarsal  ligaments,  the  tarsal  plates,  and  the  Meibomian 
glands. 

The  Undo  palpebrarum  (tendo  oculi)  is  a  short  tendon,  about  two  lines  in  length 
and  one  in  breadth,  attached  to  the  nasal  process  of  the  superior  maxillary  bone 
in  front  of  the  lachrymal  groove  for  the  na.sa!  duct*  Crossing  the  lachrymal  sac, 
it  divides  into  two  |»arts,  each  division  being  attached  to  the  inner  extremity  of  the 
corresponding  tarsal  plate.  As  the  tendon  crosses  the  lachrymal  sac,  a  strong 
aponeurotic  lamina  is  given  off  from  the  posterior  surface,  which  expands  over 
the  sac,  and  is  attached  to  the  ridge  on  the  lachrymal  bone.  This  is  the  reflected 
aponeurosis  of  the  tendo  palpebrarum. 

Use  of  Tendo  oculi.— Besides  giving  attachment  to  part  of  the  Orbicularis 
palpebrarum,  and  to  the  tarsal  plates,  it  serves  to  suck  the  tears  into  tbe  lachrymal 
sac,  by  its  attachment  to  the  sac.  Thus,  each  time  the  eyelids  are  closed,  tbe  tendo 
oculi  becomes  tightened,  and  draws  the  wall  of  the  lachrymal  sac  outward  and 
forward,  so  that  a  vacuum  is  made  in  the  sac,  anrl  the  tears  are  sucked  along  the 
lachrymal  canals  intt*  it. 

The  Comigator  supercilii  is  a  small,  narrow,  pyramidal  muscle,  placed  at  the 
inner  extremity  of  the  eyebrow^  be- 
neath the  Ucci  pi  to-fron  talis  and 
Orbicularis  palpebrarom  muscles. 
It  arises  fi*om  the  inner  extremity 
of  the  suficrciliary  ridge;  from 
whence  its  fibres  pass  upward  and 
outward,  to  be  inserted  into  the 
under  surface  of  the  orbicularis,  op* 
posite  the  middle  of  tbe  orbital  arch. 

Eelations. — By  its  anterior  i^ur- 
fat'*'  with  the  Occipitinfrruitalis  and 
Orbicularis  palpebrarum  muscles ; 
bv  its  posterior  surface^  with  the 
frontal  bone  and  supratrochlear 
nerve. 

The  Levator  palpebrae  will  be 
described  with  the  muscles  of  the 
orbital  region, 

Tbe  Tensor  tarsi  (Horner's 
muscle)  (Fig,  270)  is  a  small  thin 
muscle  about  three  lines  in  breadth 
and  six  in  letigth,  situated  at  the 
inner  side  of  the  orbit,  behind  the 
tendo  oculi.  It  arises  from  the  crest 
and  adjacent  part  of  the  orbital  sur* 
face  of  the  lachrymal  bone,  and,  pass* 
ing  across  the  lachrymal  sac,  divides  into  two  slips,  which  cover  the  lachrymal 
canals,  and  are  inserted  into  tbe  tarsal  plates  internal  to  the  pimcta  lachrymalia. 
Its  fibres  appear  to  he  continuous  with  those  of  the  palf^ebral  portion  of  the 
Orbicularis   palpebrarum;   it  is  occasionally   very  indistinct. 

Nerres, — ^The  Orbicularis  palpebrarum,  Corrugator  supercilii,  and  Tensor  tarsi 
are  supplied  by  the  facial  nerve. 

Actions. — The  Orbicularis  palpebrarum  is  the  sphincter  muscle  of  the  eyelids. 
The  palpebral  portion  acts  involuntarily,  closing  the  lids  gently,  as  in  8lee|i  or  in 
blinking;  the  orbicular  portion  is  subject  to  the  will.  When  the  entire  muscle  iSj 
brought  into  action,  the  skin  of  the  forehead,  temple,  and  cheek  is  drawn  inward 
toward  the  inner  angleof  the  orbit,  and  theeyelids  are  firmly  closed  as  in  photoi>hobia. 
When  the  skin  of  the  forehead,  teiufde,  and  check  is  thus  drawn  inward  by  the 
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action  of  tte  muscle  it  is  thrown  into  folds,  especially  radiating  from  the  outer 
angle  of  the  eyelids,  which  give  rise  in  old  age  to  the  so-called  ''  crow's  feet."  The 
Levator  palpebnie  is  the  direct  antagonist  of  this  muscle ;  it  raises  the  upper  eyelid 
and  exposes  the  globe.  The  Corrugator  supercilii  draws  the  eyebrow  downward 
and  inward,  producing  the  vertical  wrinkles  of  the  forehead.  It  is  the  **  frowning  " 
muscle,  and  may  be  regarded  as  the  principal  agent  in  the  expression  of  snflfering. 
The  Tensor  tarsi  draws  the  eyelids  and  the  extremities  of  the  lachryraal  canals 
inward  and  compresses  them  against  the  surface  of  the  globe  of  the  eye ;  thus 
placing  them  in  the  most  favorable  situation  for  receiving  the  tears,  It  serves, 
also,  to  compress  the  lachrymal  sac, 

4,  Orbital  Eesrion  (Fig.  271), 
Levator  palpebrm  superioris*  Rectus  internus. 


Rectus  superior. 
Rectus  inferior. 


Rectus  externiis. 
Obliquus  ocuH  superior. 
Obliquus  oculi  inferior. 


Dissection. — To  open  the  cavity  of  the  orbit,  remove  the  skull-mp  and  brain;  then  saw  \ 
through  the  troatal  bone  at  the  inner  extremity  of  the  supraorbital  ridge,  and  extera^lly  at  itfl 
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Fio.  27L-Wuicleii  of  tKe  right  orbit. 

junction  with  the  malar.  Breiik  in  pieces  the  thin  rouf  of  the  orbit  by  a  few  sliirht  blows 
of  the  hsimmcr,  and  take  it  away;  drive  fbrwanl  the  .siiperciliarj'  portion  of  the  frontal  b^ne  by 
a  smart,  stroke,  but  do  not  remove  it,  as  that  would  destrt>y  the*  ]jHiley  of  the  Oblinuua 
Buperiur.  When  tlie  frac^ments  are  cleared  awav,  the  periosteum  of  tbe  orbit  will  be  exposed  ; 
thii*  l>eing  removed,  together  with  the  tat  whi^'h  hlls  the  eavity  of  the  orbit,  the  sevenil  niiiselea 
of  this  region  can  be  examined.  The  dissection  will  be  facilitated  by  distending?  the  tdobe 
of  the  eye*  In  urder  to  effert  this,  jjimetiire  tbe  of>tie  nerve  iiciir  the  cyelmll  with  u  curved 
needle,  and  push  the  needle  onward  mto  the  globe;  in!?ert  tbe  point  of  a  blowpipe  tbrouijh 
ibis  aperture,  and  fon^e  a  little  jiir  into  the  cavity  of  tbe  eyeball;  tlien  apply  ti  ligature  round 
rhe  nerve  so  aa  to  jirevent  the  air  escaping;.  The  globe  bein^  now  drawn  (orward,  the  niuselea 
will  hQ  put  ui»on  the  streteh. 

The  Levator  palpebrae  superioris  l-^  thin,  flat,  and  triangular  in  shape.  It 
arises  fnuo  the  under  surface  of  the  lesser  wing  of  the  sphenoid,  above  and  in 
front  of  the  optic  foramen,  from  which  it  is  softarated  by  the  origin  of  the  Superior 
rectus,  and  is  inserted,  by  a  broad  ajKUieunKsis,  intti  the  anterior  surface  of  the 
superior  tarsal  plate.  From  tliis  aponeurosis  a  thin  expansion  is  continued 
onward*  |)assing  between  the  fibres  of  the  Orbicularis  to  be  inserted  into  the  skin 
of  the  lid.  At  its  origin  it  is  narrow^  and  tendinous,  but  soon  becomes  broad  and 
fleshy,  and  finally  terminates  in  a  broad  aponeurosis. 

Eelations. — By  its  upper  surfart',   with    the  frontal    nerve  and  supraorbital 
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artery,  the  periosteum  of  the  orbit,  and,  in  the  Vuh  with  the  inner  surface  of 
the  tarsal  ligament ;  by  its  under  stirfare,  with  the  Superior  rectus,  and,  in  the 
lid,  with  the  conjunctiva.  A  small  branch  of  the  third  nerve  enters  its  under 
surface. 

The  Superior  rectus,  the  thinnest  and  narrowest  of  tbo  four  Recti,  arises  from 
the  upper  nuirgin  of  the  optic  foramen  beneath  the  Levator  palpebne  and  Superior 
oblique,  and  iVom  the  fibrous  sheath  of  the  optic  nerve,  and  h  inserted  by  a 
tendinous  expansion  into  the  sclerotic  coat,  about  three  or  four  lines  from  the 
margin  of  the  cornea. 

Relations, — By  its  upper  surface,  with  the  Levator  palpebrae;  hy  it»  under  mtr- 
fact\  with  the  optic  nerve,  the  o]jhthalmic  artery,  the  nasal  nerve,  and  the  branch 
of  the  third  nerve  which  supplies  it ;  and,  in  front,  with  the  tendon  of  the  Superior 
oblique  anfl  the  globe  of  the  eye. 

'rhe  Inferior  and  Internal  Becti  arise  by  a  common  tendon  (the  ligament  of 
Zinny  which  is  attached  round  tbe  circumference  of  the  optic  foramen,  except  at 
its  upper  and  outer  part.  Tbe  External  rectus  has  two  heads :  the  upper  one 
arises  from  the  outer  margin  of  the  o]>tic  foramen  immediately  beneath  the  Superior 
rectus;  the  lower  bead,  partly  frnm  the  ligament  of  Zinn  and  partly  from  a  small 
pointed  process  of  bone  on  tbe  lower  margin  of 
the  sphenoidal  fissure.  Each  muscle  passes 
forward  in  the  position  implied  by  its  name,  to 
be  inserted  by  a  tendinous  expansion  (the 
tuniea  alhmpnett)  into  the  sclerotic  coat,  about 
three  or  four  lines  from  the  margin  of  the 
cornea.  Between  the  two  beads  of  the  Ex- 
ternal rectus  is  a  narrow  interval,  through 
which  passes  the  third,  the  nasal  branch  of  the 
ophthalmic  division  of  the  fifth  and  sixth 
nerves,  and  the  ojihthalmic  vein.  Although 
nearly  all  of  these  muscles  present  a  couimon 
origin  and  are  inserted  in  a  similar  manner 
into  the  t*clerotic  coat,  there  are  certain  difler- 
ences  to  he  observed  in  them  as  regards  their  length  and  breadth.  The  Internal 
rectus  is  thebroa<leHt,  tbe  External  is  the  longest,  and  the  Superior  is  the  thinnest 
and  narrowest. 

The  Superior  obliiiiie  is  a  fusiform  muscle  placed  at  the  upper  and  inner  side  of 
the  orbit,  internal  to  tbe  Levator  palpebnii.  It  arises  about  a  line  above  tbe  inner 
margin  of  the  optic  foramen,  and,  passing  forward  to  the  inner  angle  of  the  orbit, 
terminates  in  it  rounded  tendon,  which  plays  in  a  ring  or  pulley  [trorhh'a)  formed  by 
fibro-cartilaginous  tissue  attached  to  a  tlepressiou  beneatb  tbe  internal  angular  pro- 
cess of  tbe  frontul  bone,  the  contiguous  surfaces  of  tbe  tendon  and  ring  being  lined 
by  a  delicate  synovial  membrane  und  enclosed  in  a  thin  fibrous  investment.  The 
tendon  is  reflected  backward,  outward,  iind  di>wnward  beneath  tlie  Superior  rectus 
to  the  outer  part  of  tbe  globe  of  the  eye,  und  is  inserted  into  the  sclerotic  coat, 
midway  between  the  cornea  and  entrance  of  the  optic  nerve,  the  insertion  of  the 
muscle  lying  between  tbe  Superior  and  External  recti. 

Relations, — By  its  upper  aurfaee,  with  tbe  periosteum  covering  the  roof  of  the 
orbit  and  the  fourth  nerve:  the  tendon,  where  it  lies  on  the  globe  of  tbe  eye  is 
covered  by  tbe  Superior  rectus;  by  its  under  mirfaee,  with  the  in\^\.i\  nerve  and 
tbe  upper  border  of  the  internal   rectus. 

The  Inferior  oblique  is  a  ibiu.  narrow  muscle  placed  near  the  anterior  margin 
of  the  orbit.     It  arises  fnmi   a   de|)ressinn  on  the  orbital  plate  of  the  superior 

*  The  linfiinient  of  Zinii  ouglit^  perhiips  more  appropiriately*  to  l>e  termed  tlie  apfmenroHUi  or  t^tidon 
of  Zinn.  Mr  C\  B,  Lookwoud  litis  desi'ril>L'»l  u  somewhat  simiiar  striiL-ture  on  tbe  under  surface  of  the 
8uperif>r  n^ctiiH  mustOpT  whifli  is  nttiichixl  to  tlie  lettrier  vfin^  of  ttio  sphenoid,  forming  the  upper  jind 
outer  marjErifi  of  Hih  nptic  fnninjen*  Thi»  mpfrmr  iendftn  ^ive^  oriifin  to  the  8iijH?nor  rc-H'liw,  the 
superior  heati  of  the  External  rectus,  and  the  apptr  part  of  the  Intemal  rt'ctua,  {Jounial  of  Analmny 
and  PhxjatiiAoijy^  voL  xi.  part  i.  p.  1.) 


Rfdu*  inftrlut 


Fro.  272.— The  relative  poaitlou  and  attacb- 
ment  of  the  muscles  of  ttie  left  eycbaU. 
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maxillary  bone,  external  to  the  lachrymal  groove  for  the  nasal  duct.  Passing  out- 
ward, back  ward,  and  upward  beneath  the  Inferior  rectus,  and  then  between  the 
eyeball  and  the  External  rectus,  it  is  in.^erted  into  the  outer  part  of  the  sclerotic 
coat  between  the  Superior  and  External  recti,  near  to^  but  somewhat  behind,  the 
tendon  of  insertion  of  the  Superior  oblique. 

Relatioas. — By  \X^  n^aJar  sttrfaei\  with  the  globe  of  the  eye  and  with  the  Inferior 
rectus;  by  ii.s  orbit af  snrfitve,  with  the  periostetnn  eoverinfjj  the  floor  of  the  orbit, 
and  with  the  Extenjul  rectus.  Its  btu'ders  look  forward  auil  backward;  the 
posterior  one  receives  a  branch  of  the  third  nerve. 

Nerves. — The  Levator  palpebrie.  Inferior  oblique,  and  all  the  Recti  excepting 
the  External,  are  supplied  by  the  third  nerve;  the  Superior  oblique,  by  the  fourth  ; 
the  External  rectus,  by  the  sixth. 

Actions.^ — The  Levator  paljiebr;^  raises  the  upper  eyelid,  and  is  the  direct 
antagonist  of  the  Orbicuhiris  pali)cbrartim.  The  four  Recti  mrtscles  are  attached 
in  such  a  manner  to  the  globe  of  the  eye  that,  acting  singly,  they  will  turn  it 
either  upward,  downward,  inward,  or  outward,  as  expressed  by  their  names. 
The  movement  produced  by  the  Superior  or  Inferior  rectus  is  not  cfuite  a  simple 
one,  for,  inasmuch  as  they  pass  obliquely  outward  and  forward  to  the  eyeball,  the 
elevation  or  depression  of  the  cornea  must  be  accomjjiiuicd  by  a  certain  deviation 
inward,  with  a  slight  amount  of  rotation,  which,  however,  is  corrected  by  the 
Oblique  muscles,  the  Inferior  oblii^ue  correcting  the  deviation  inward  of  the 
Superior  rectus,  and  the  Superior  oblique  tit  at  of  the  Inferior  rectus.  The  con- 
traction of  the  External  and  Internal  recti,  on  the  other  hand,  producea  a  purely 
horizontal  movement.  If  any  two  contiguous  recti  of  one  eye  act  together,  they 
carry  the  globe  of  the  eye  in  the  diagonal  of  these  directions — viz.  upward  and 
inward,  upward  and  outward,  downward  and  iuwar<L  or  downwanl  and  <Hitward. 
The  movement  of  circumduction,  as  in  looking  round  a  room,  is  jierfiumed  by 
the  alternate  action  of  the  four  Recti*  The  Ubliqiie  nniscles  rotate  the  eyeball 
on  its  antero-posferior  fi.r/*,  this  kind  of  movement  being  required  for  the  correct 
viewing  of  an  object  when  the  head  is  moved  laterally,  as  frtun  shoulder  to 
shoulder,  in  order  that  the  jiicture  may  fall  in  all  respects  on  the  same  part  of  the 
retiiui  of  eacli  eye,* 

Surgical  Anatomy.— The  p(»sittou  and  exact  point  of  insertion  of  the  tendons  of  the 
IntcriKil  ami  Kxti  rnn)  rerti  muscles  into  the  globe  should  ho  carefully  examined  from  the  Iront  of 
the  eyeball,  us  tlie  surt'eon  ia  often  re^^uired  to  di\nde  the  one  or  tlie  other  uaisc^le  fur  tlie  cure 
of  Htnibisnius,  In  t^ouver^ent  strabisaiut*.  whii'h  is  the  more  roiiimon  forai  of  the  *lis«Mise.  the 
eytj^  is  turue<l  iinvanl,  rif<|uinug  the  ibvi.siou  of  the  lutenial  rectus.  Id  the  <liver|fent  fornix 
whieli  is  more  rare,  the  eye  is  turned  outward,  the  External  reeto.s  beinif  e.spe^'ially  iiJipiieate^i 
The  dtifuraiity  prothioeJ  in  either  eas*j  ijs  to  be  reuiedied  by  divi^sion  of  mw  or  tlie  other  musele. 
The  uperatinii  is  thus  per  fu  raied :  The  tids  are  tu  Lh.*  well  m^parated  ;  the  eyeball  he  in  i?  rotated 
iUUwanlorinWiinl,  the  njnjiinetiva  should  be  raised  by  a  pair  of  fort-eps  and  divided  immediately 
beneath  the  lijvver  burih^rof  tlie  tendon  of  the  muscle  to  be  divitled,  a  little  behind  ita  insertion 
into  die  selenitie;  (he  submucous  areolar  tissue  is  then  divided,  and  iiUo  the  stnall  aperture 
thus  made  a  blunt  hook  is  pusned  upward  between  the  mni*(^le  ami  the  glotm.  and  tlie  ten<hin  of 
the  mui*tle  im\\  eunjunetiva  eoverimc  it  divided  by  a  pair  of  hhint-pointe<l  siissors.  Or  the 
tendon  may  he  diviJe^l  by  a  jjubconjunetival  ineif^lon.  one  blatlt^  ijf  tlie  seissurs  l>einif  passed 
apward  between  the  tendon  and  tlie  conjunctiva,  and  the  other  Ix^tweea  the  tendon  imd  the 
selenilie.  The  student,  when  dis^Ht^etinir  these  mnsiie?*.  should  rtnuove  on  one  side  of  the  stibjeet 
ilie  conjunctiva  b-om  the  front  of  the  eye.  in  onler  to  see  more  accurately  the  poBition  of  the 
tendons,  while  on  the  oj>po8itc  side  the  operation  may  be  perlbruied. 


5,  Kasal  Region  (Fig.  269). 


Pyramidal  is  nasi. 

Levator  labii  superioris  ala3<|ue  na8i. 

Dilatator  naris  iiosterior. 

Depressor  ala^  nasi. 


Dilatator  naris  anterior. 

Compressor  nasi. 

Com  pressor  narium  minor. 


'  **  (>n  the  OMiniie  Must^lcsnf  the  Eye  in  Man  mid  WrtehnUe  Animals/'  by  John  Strnthers,  M.  D., 
in  An*tfam*^ffil  fiTui  I h^iiohtfiral  fMnfrrmtiom,  Kor  a  fuller  account  of  the  various  cxi-ordinate  actions 
of  the  luuseleii  of  a  single  eje  and  of  both  eves  than  our  spnee  allows^  the  reader  niav  be  referred  to 
Dr-  M,  Foster's  Texi-hfmk  nf  Phymlo^^, 
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The  PyxaiEidalis  naai  is  a  sinall  pyramidal  slip  prolonged  downward  from  ibe 
Oceipito-fronUlis  upon  the  side  of  the  nose,  where  it  becomes  tendinous  and 
blen<k  with  the  Compressor  njisi.  As  the  two  muscles  descend  they  diverge, 
leaving  an  angular  interval  between  them. 

EelationB.^By  its  upper  surface^  with  the  i^kin  ;  by  its  under  surface^  with  the 
frontal  and  nasal  bones. 

The  Levator  labii  superioris  alaeque  nasi  is  a  thin  triangular  muscle  placed 
by  the  side  of  the  nose,  and  extending  between  the  inner  margin  of  the  orbit  and 
upper  lip.  It  arises  by  a  pointed  extremity  from  the  upper  part  of  the  nasal 
process  of  the  superior  maxillary  bone,  and,  parsing  obliquely  downward  and 
outward,  divides  into  tivo  slips,  one  of  which  is  inserted  into  the  cartilage  of  the 
ala  of  the  nose;  the  other  is  prolongt*d  into  the  upper  lip,  becoming  blended  with 
the  Orbicularis  oris  and  Levator  labii  j-superioris  proprins. 

Relations. — In  front,  with  the  integument,  and  with  a  small  pari  of  the 
Orbicularis  j palpebrarum  above. 

The  Dilatator  nans  posterior  is  a  small  muscle  which  is  placed  partly  beneath 
the  elevator  of  the  nose  and  lip.  It  arises  from  the  margin  of  the  nasal  notch  of 
the  superior  maxilla  ami  from  the  sesamoid  cartilages,  and  is  inserted  into  the 
skin  near  tbe  rna rgiu  of    the  Mostiril. 

The  Dilatator  naris  anterior  is  a  thin  delicate  fasciculus  passing  from  the 
cartilage  of  the  ala  of  the  nose  to  the  integument  near  its  margin.  This  muscle  is 
situated  in  front  of  tbe  preceding. 

The  Compressor  nasi  is  a  small,  thin,  triangular  muscle  arising  by  its  apex 
from  the  superior  miixillary  bone,  above  and  a  little  external  to  the  incisive  fossa ; 
its  fibres  proceed  upward  and  inward,  expanding  into  a  thin  aponeurosis  which 
is  attached  to  the  fibro-cartilage  of  the  nose  and  is  continuous  on  the  bridge  of 
the  nose  with  that  of  the  muscle  of  the  opposite  side  and  with  the  aponeurosis  of 
the  Pyramidal  is  nasi. 

The  Compressor  narinm  miBor  is  a  small  muscle  attached  by  one  end  to  the  alar 
cartilage,  and  by  the  other  to  the  integument  at  the  end  of  the  ntise. 

The  Depressor  alae  nasi  is  a  short  radiated  muscle  arising  from  the  incisive 
fossa  of  the  superior  maxilla;  its  fibres  ascend  to  be  inserted  into  the  septum  and 
back  jtart  of  the  ala  of  the  nose.  Tbis  muscle  lies  between  the  mucous  membrane 
anil  muscular  structure  of  the  !i[». 

Nerves. — ^All  the  muscles  of  this  group  are  supplied  by  the  facial  nerve. 

Actions. — 'The  Pyramidalis  nasi  draws  down  the  inner  angle  of  the  eyebrows 
and  produces  transverse  wrinkles  over  the  bridge  of  the  nose  ;  by  s<»me  anatomists 
it  is  also  considered  as  an  elevator  f>f  the  ala,  and,  consef[uetitlv,  a  dilat^ir  of  the 
nose.^  The  Levator  labii  snperioris  alieque  nasi  draws  upward  the  upper  li]>  and 
ala  of  the  nose :  its  most  important  action  is  upon  the  nose,  which  it  dilates  to  a 
considerable  extent.  The  action  of  tliis  muscle  produces  a  marked  influence  over 
the  countenance,  and  it  is  tbe  principal  agent  in  tbe  expression  of  contempt  and 
disdain.  The  two  Dilatatorea  nasi  ctdarge  the  aj>erture  of  the  ni>se.  Their  action 
in  ordinary  ivreathing  is  to  resist  the  tendency  of  the  nostrils  to  close  from 
atmospberic  pressure,  but  in  difficult  breathing  tbey  may  be  noticed  to  be  in 
violent  action,  as  well  as  in  some  emotions,  as  anger,  Tbe  Depressor  ala?  nasi  is 
a  direct  antagonist  of  the  other  muscles  of  tbe  nose,  drawing  the  ida  of  the 
nose  downward,  and  thereby  constricting  the  aperture  of  the  nares.  The  Com- 
pressor nasi  depresses  the  cartilaginous  part  «d*  tbe  nose  and  compresses  the  ahe 
together, 

*  Although  this  niuficle  anntoiuically  seems  la  bp  a  continuation  of  the  ( Jecipito-frontaU?  down- 
wmrd,  it  as  runlly  the  rfverse.  Its  origin  is  from  thy  nose  behiw^  and  rl«  ini«*rtion  into  tjie  OciHpito- 
frontalis  nmJ  ttkin.  If  one  pole  of  a  Imttery  he  plaeed  in  front  of  the  lobe  of  the  eiir,  iind  the  olh«r 
(ft  Atnall  pointed  one)  be  carried  up  anddt>wn  aver  tlie  mise  and  forehead  in  theajiddle  line,  it  is  esiisy 
U>  find  a  nmhd  point  of  indiderence  alwve  which  tlie  r^eenpiio-frontal  draws  the  piirLs  upward,  and 
below  whic^h  the  Pymnddalia  draws  them  downward  ( W.  \V.  Keen,  M.  D.,  American  edition). 
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6,  Superior  Maxillary  Region  (Fig,  269). 

Levator  labii  siiperioris.  Zygamalicas  major. 

Levator  anguli  oris,  Zygoniatietiiii  niitior. 

The  Levator  laMi  superioris  (proprius)  is  a  thin  rniiscle  of  a  ijuadrilateral  form. 
It  arises  from  the  hiwer  miirgin  of  the  orbit  immediately  above  the  infraorbital 
foramen,  some  of  its  fibres  being  attacbed  to  the  superior  maxilla,  others  to  the 
malar  bone ;  its  fibres  converge  to  be  inserted  into  the  muscular  substance  of  the 
upper  lip. 

Eelations. — 11  y  its  miperfit^ial  surface  above,  with  the  lower  segment  fjf  the 
Orbicularis  palpebrarum ;  below,  it  is  subcutaneous.  By  its  deep  »wf(ice  it 
conceals  the  origin  of  the  Compressor  nasi  and  Levator  anguli  oris  muscles, 
and  the  infraorbital  vessels  and  nerve,  as  they  escape  from  the  infraorbital 
foramen. 

The  Levator  anguli  oris  arises  from  the  cjinine  f*)ssa  iru mediately  below  the 
infraorbital  foramen  :  its  fibres  incline  downward  and  a  little  outward,  to  be 
inserted  into  the  angle  of  the  mrnithjutermingling  with  those  of  the  Zygomaticus 
majoi%  the  Depressor  anguli  oris,  and  the  Orbicularis. 

Belations. — By  its  superficial  surfave,  with  the  Levator  labii  superioris  and 
the  infraorbital  vessels  and  nerves;  by  ita  deep  mirfaeey  with  the  sujierior  maxilla, 
the  Buccinator,  and  the  mucous  membrane. 

The  Zygomaticus  major  is  a  sleufler  fasciculus  which  arises  from  the  malar 
bone,  in  front  of  the  zygomatic  suttire,  and,  descending  obliquely  downward  and 
inward,  is  inserted  into  ihe  angle  of  the  mouth,  where  it  blends  with  the  fibres  of 
the  Levator  anguli  oris,  the  Orbicularis  oris,  and  the  Depressor  anguli  oris. 

Relations. — By  its  superJieiaJ  xnrfaee^  with  the  subcutaneous  adipose  tissue; 
by  its  deep  siirfaee^  with  the  malar  bone  and  the  Masseter  and  Buccinator 
muscles. 

The  Zygomaticus  minor  arises  from  the  malar  b<jne  immediately  behind  the 
maxilhiry  suture,  and,  passing  downward  and  inward,  is  continuous  with  the 
Orbienlaris  oris  at  the  outer  margin  of  the  Levator  labii  superioris.  It  lies  in  front 
of  the  preceding. 

Relations. — By  its  suprrfieial  surfaee^  with  the  integument  and  the  Orbicularis 
palpebrarnm  above;  by  its  deep  jfurfaee^  with  the  Masseter,  Buccinator,  and 
Levator  angnli  oris. 

Nerves. — ^This  group  of  muscles  is  supplied  by  the  facial  nerve. 

Actions. — The  Levator  labii  superioris  is  the  proper  elevator  of  the  upper  lip, 
carrying  it  at  the  same  time  a  little  forward.  It  assists  in  forming  the  naso-labial 
riilge,  whicb  passes  from  the  side  of  the  nose  to  the  upper  lip  and  gives  to  tbe  face 
an  expressitui  of  sadness.  The  Levator  anguli  oris  raises  the  angle  of  the  mouth, 
and  assists  the  Levator  labii  superioris  in  producing  the  nasu*labial  ridge.  The 
Zygomaticus  major  draws  the  angle  of  the  mouth  backward  and  upward,  as  in 
laughing;  whilst  the  Zygomaticus  minor,  being  inserted  into  the  outer  part  of  the 
U|.*])er  lip  ajid  not  into  the  angle  of  the  mouth,  draws  it  backward,  upward,  and 
outward,  and  thus  gives  to  the  face  an  expression  of  sadness, 

7.  Inferior  Maxillary  Refion  (Fig.  2G9). 

Levator  labii   inferioris  {Levator  inenti). 
I>e[>ress<u"  labii  inferioris  (Quad  rat  us  menti). 
Depressor  anguli  oris  (Triangularis  menti). 

Dissection. ^ — The  musck's  in  tlii.<  n^f/um  mny  be  <lis8ected  by  makini!:  a  vertii'al  incision 
throiirh  the  iute.L'uiuent  from  the  iuart:iii  of  tiu'  Idwht  lip  to  the  cliin  :  a  sin-ond  int.'isit*a  should 
then  Ih>  rarri*"d  ulmg  \hv  muT^i'm  of  tlve  lower  j;iw  as  fiir  as  the  angle»  and  the  intei^uuient  eare- 
fuJiy  n'unived  in  the  direetiou  shown  in  Fig,  2*>H. 

The  Levator  labii  inferioris  (Levator  menti)  is  to  be  dissected  by  everting  the 
lower  lip  and  raising  the  mucous  iiieudjrane.  It  is  a  small  conical  fasciculus  placed 
on  the  side  of  the  fn^num  of  the  lower  lip.     It  arises  from  the  incisive  fossa, 
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exteroal  to  the  syraphysis  of  the  lower  jaw;  its  fibres  descend  to  be  inserted  into 
the  intet^ument  of  the  chin. 

Relation,— On  its  inuer  fturface,  wuH  the  mucous  membrane ;  in  the  median 
line,  it  is  blended  with  the  muscle  of  the  opposite  side;  and  on  its  outer  aide,  with 
the  Depressor  hibii  inferioris. 

The  Depressor  labii  inferioris  (Quadratus  menti)  is  a  small  qiiadrikteral 
muscle.  It  arises  from  the  exteruiil  oblique  line  of  the  lower  jaw,  between  the 
symphysis  and  mental  foramen,  and  passes  obliquely  upward  and  inward,  to  be 
inserted  into  the  integument  of  rhe  lower  lip,  its  fibres  blending  with  the  Orbicularis 
oris  and  with  those  of  its  fellow  of  the  opposite  side.  It  is  continuous  with  the 
fibres  of  the  Platysma  at  its  origin.  This  muscle  contains  much  yellow  fat  inter- 
mingled with  its  fibres. 

Eelations.— By  its  superficial  mirface,  with  part  of  the  Depressor  anguli  oris 
and  with  the  integument,  to  which  it  is  closely  connected ;  by  its  deep  surfai*i\ 
with  the  mental  vessels  and  nerves,  the  mucous  membrane  of  the  lower  lip,  the 
labial  gbmds,  and  the  Levator  menti,    with  which  it  is  intimately  united. 

The  Depressor  anguli  oris  (Triangularis  menti)  is  triangular  in  shape,  arising, 
by  its  broad  base,  from  the  external  oblique  line  of  the  b>wer  jaw,  from  whence  its 
fibres  pass  upward,  to  be  inserted,  by  a  narrow  fasciculus,  into  the  angle  of  the 
mouth.  It  is  contiuuous  with  the  Platysma  at  its  origin  and  with  the  Orbicu- 
larig  oris  and  llisorius  at  its  insertion,  and  some  of  its  fibres  are  directly  contiuuous 
with  those  of  the  Levator  anguli  oris. 

Relations. — By  its  guperfieial  surface,  with  the  integument;  by  its  deep  Burface^ 
with  the  Depressor  labii  inferioris  and  Buccinator- 
Nerves. — ^This  group  of  muscles  is  supplied  by  the  facial  nerve. 

Actions. — The  Levator  labii  inferioris  raises  the  lower  lip  and  protrudes  it 
forward,  and  at  the  aaoie  time  wrinkles  the  integument  of  the  chin,  expressing 
doubt  or  disdain.  The  Depressor  labii  inferioris  draws  the  lower  lip  dii^ectly 
downward  and  a  little  outward,  as  in  the  ex])ression  of  irony.  The  Depressor 
anguli  oris  depresses  the  angle  of  the  mouth,  being  the  antagonist  to  the  Levator 
anguli  oris  and  Zygomaticus  major;  acting  with  these  muscles,  it  will  draw  the 
angle  of  the  mouth  directly  backward. 


8. 

Orbicularis  oris. 


Intermaxillary  Region. 

Buccinator, 


Risorius. 


Dissection. — Tke  dissei-tion  of  these  muscles  may  be  considerably  facilitated  by  filling  the 
cavity  of  the  mouth  with  tow,  m  as  to  distend  the  cheeks  and  lips ;  the  mouth  should  tht?n  be 
closed  by  a  few  stitches  and  the  integimient  carefully  removed  from  the  surface. 

The  Orbicularia  oris  {Fig.  269)  is  uot  a  sphincter  muscle»  like  the  Orbicularis 
palpebrarum,  but  consists  of  numerous  strata  of  muscular  fibres,  having  different 
directions,  which  surround  the  orifice  of  the  mouth.  These  fibres  are  partially 
derived  from  the  other  facial  raitscles  which  are  inserted  into  the  lips,  and  are 
partly  fibres  proper  to  the  lips  themselves.  Of  the  foi^mer,  a  considerable  number 
are  derived  from  the  Buccinator  and  form  the  deeper  stratum  of  the  Orbicularis. 
Some  of  them — namely,  those  near  the  middle  *>f  the  muscle — decussate  at  the  angle 
of  the  mouth,  tluise  arising  from  the  upjjer  jaw  [massing  to  the  lower  lip,  and  those 
from  the  lower  jaw  to  the  upper  lip.  Other  fibres  of  the  muscle,  situated  at  its 
upper  and  lower  part,  pass  across  the  lips  from  side  to  side  without  interruption. 
Superficial  to  this  stratum  is  a  second,  formed  by  the  Levator  ami  Depressor 
anguli  oris,  which  ci^nss  oach  other  at  the  angle  of  the  mouth,  thase  from  the 
Depressor  passing  to  the  upper  lip,  and  those  from  the  Levator  to  the  lower  lip, 
along  which  they  run  to  be  inserted  into  the  skin  near  the  median  line.  In 
addition  to  these  there  are  fibres  from  the  other  muscles  inserted  into  the  lips — the 
Levator  labii  su|terioris,  the  Levator  labii  superioris  aketpie  nasi,  the  Zygomalici, 
and  the  Depressor  labii  inferioris;  these  intermingle  with  the  transverse  fibres 
[>ve  described,  and  have  principally  an  oblicpie  direction.     The  proper  fibres  of 
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the  lips  are  oblique,  and  pass  from  tlie  under  surface  of  the  skin  to  the  mucous 


ibrane  through  the  thickness  of  the  Up.     And  in  addition  to  the 


tihr 


en  ess 
by  wliieti  tlie  muscle  is  connected  directly  witli  tue  raaxuiarj  Dones  anrl  tne  septum 
of  the  nose.  These  consist,  in  the  upper  lip,  of  four  bands,  two  of  which  (^xieeesmrii 
orhivulark  superions)  arise  from  the  alveolar  bonier  of  the  sujierior  maxilla, 
opposite  the  lateral  incisor  tooth,  and,  arching  outward  on  each  side,  are  continuous 
at  the  anf^lcs  of  the  mouth  with  tlie  other  muscles  inserted  into  this  jjart.  The 
two  rcmainini^  miiscnlar  slips,  called  the  Naso'hfhiaik^  connect  the  upper  lip  to  the 
hack  of  the  septum  of  the  nnse :  as  they  descend  from  the  septum  an  interval  is 
l»^ft  between  tbeiu.  It  is  this  interval  which  forms  the  depression  {philfrum)  seen  on 
tbe  surface  of  the  skin  beneath  the  sejitum  of  the  nose.  The  additional  fibres  for 
the  lower  segment  {Aeeessoni  orlnimfari^  i/tft'rifjrti<)  arise  from  the  inferior  maxilla, 
externally  to  the  Levator  lal>ii  inferioris,  and  arch  outward  to  the  angles  of  the 
jnoiith,   to  join  the  Buccinatur  and  the  other  muscles  attiicbed  to  this  part. 

Relations. —  Hy  its  futjK'rJh-lfd  snrfaf'en  with  tlie  integument,  to  which  it  is 
closely  ctmnected ;  by  it^*  drep  Murfaoe,  with  the  hiiccal  mucous  membrane,  the 
labial  glands,  and  coronary  vessels ;  by  its  outer  rireumfrrrnoe  it  is  blended  with 
the  numerous  muscles  which  converge  to  the  mouth  from  various  parts  of  the  face. 
Its  inner  ef'rruwferejire  is  free,  and  covered  by  the  mucous  membrane. 

The  Buccinator  (Fig.  282)  is  a  broad,  thin  muscle,  tpiadri lateral  in  form, 
which  occupies  the  interval  between  the  jaws  at  tlie  side  itf  the  fiice*  It  arises 
from  tlie  outer  surffice  of  the  alveolar  jirocesses  of  the  upper  and  lower  Jaws, 
corresponding  to  the  three  molar  teeth,  and,  behind,  from  the  anterior  border  of 
the  pterygo-maxillary  ligament.  The  fibres  converge  toward  the  angle  of  the 
mouth,  where  the  central  fibres  intersect  each  other,  those  from  below  being 
continuous  with  the  u;^per  segment  of  I  he  Orbicularis  oris,  and  those  from  above 
with  the  inforior  segment;  the  highest  and  lowest,  fibres  continue  forward  uninter- 
ruptedly into  the  corresponding  segment  of  tbe  lip,  without  decussation. 

Eelations. — By  its  superficial  8urfaet\  behind,  with  a  large  mass  of  fat,  which 
separates  it  from  the  ramus  of  the  lower  jaw,  tbe  Masseter,  and  a  small  portion  of 
the  Temjjoral  muscle;  anteriorly,  with  the  Zygomatici,  Kisorius^  Levator  anguli 
oris.  Depressor  angidi  oris,  and  Stenson's  duct,  wbich  {lierces  it  opposite  the 
second  molar  tooth  of  tbe  upper  jaw^ ;  tbe  facial  artery  and  vein  cross  it  from  below 
upward;  it  is  also  crossed  hy  the  branches  of  the  facial  and  buccal  i^erves :  by 
its  interna!  i!itr/at'i\  with  the  buccal  glands  and  mucous  mendjrane  of  tbe  mouth. 

The  pteryifo-maxiUartf  Hgninent  se{>a rates  the  Buccinator  muscle  from  the 
Superior  constrictor  of  the  pharynx.  It  is  a  tendinous  band,  attached  by  one 
extremity  to  the  apex  of  the  internal  pterygoid  plate,  and  by  the  other  to  the 
posterior  extremity  of  tlie  internal  oblique  line  of  the  lower  jaw.  Its  intivr  surface 
corresponds  to  the  cavity  of  the  mouth,  antl  is  lined  by  mucous  membrane.  Its 
outer  mirfaee  is  separated  from  the  ramus  of  the  jaw  by  a  ipiantity  of  adipose 
tissue.  Its  posterior  harder  gives  attachment  to  the  Superior  constrictor  of  the 
pharynx ;  its  anterior  border,  to  the  fibres  of  the  Buccinator  (see  Fig.  282), 

The  Risorius  (Santormi)  (Fig-  269)  consists  of  a  narrow  bundle  of  fibres  which 
arises  in  »be  fascia  over  the  Masseter  muscle,  and,  passing  horizontally  forward, 
is  inserted  into  the  skin  at  the  angle  of  the  mouth.  It  is  placed  superficial  to  the 
Platysiua.  and  is  broadest  at  its  posterior  extremity.  This  muscle  varies  muchin 
its  size  and  form. 

Nerves. — The  Orbicularis  oris  and  the  Risorius  are  supplied  by  the  facial,  the 
Buccinator  by  the  facial  and  by  the  buccal  branch  of  the  inferior  maxillary  nerve; 
wbich  latter,  however,  is  hy  mimy  anatomists  regarded  as  a  sensory  nerve  only* 

Actions. — The  Orbicularis  oris  in  its  ordinary  action  produces  the  direct  closure 
of  the  li|is;  by  its  deep  fibres,  assisted  by  the  oblique  ones,  it  closely  applies  the 
lipa  to  the  alveolar  arch.  The  superficial  part,  consisting  principally  of  the 
decussating  fibres,  brings  the  lips  togelber  and  also  protrudes  them  forward.  The 
Buccinators  contract  and  compress  tbe  cheeks,  so  that,  during  the  process  of 
mastication*  the  food  is  kept  under  the  immediate  pressure  of  the  teeth.     When 
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the  cheeks  have  been  previously  distended  with  nir,  the  Buccinator  muscles  expel 
it  from  between  the  lips,  as  in  blowinrr  a  trumpet.  Hence  the  name  {buceina^  a 
trumpet).  The  Risorius  retracts  the  angles  of  the  mouth,  and  is  therefore  regarded 
as  the  *' smiling"  muscle. 


9.  Tempor 


iUary 


Region. 
Masseter.  Temporal, 

Masseteric  Fascia, — Covering  the  Masseter  muscle,  and  firmly  connected  with 
it,  is  a  strong  layer  of  fascia  derived  from  the  deep  cervical  fascia.  Above,  this 
fascia  is  attached  to  the  luwer  border  of  the  zygoma,  and,  behind,  it  covers  the 
parotid  ghind,  constituting  the  parotid  fascia. 

The  Masseter  is  exposed  ijy  the  removal  of  this  fascia  (Fig.  269) ;  it  is  a  short, 
thick  muscle,  somewhat  quadrilaleral  in  form,  consisting  of  two  portions,  super- 
ficial and  dee[>.  The  sitperjicitd  portion,  the  larger,  arises  by  a  thick,  tendinous 
aponeurosis  from  the  malar  j>roces3  of  the  superior  maxilla,  and  fmm  the  anterior 
two-thirds  of  the  lower  border  of  the  zygomatic  arcli ;  its  fibres  pavss  downward 
and  backward,  to  be  inserted  into  the  angle  and  lower  half  of  the  outer  surface 
of  the  ramus  of  the  jaw.  The  Jeep  portion  is  nnich  smaller  and  more  muscular 
in  texture;  it  arises  from  the  posterior  third  of  the  lower  border  and  the  whole  of 
the  inner  surface  of  the  zygomatic  arch ;  its  fibres  pass  downward  and  forward, 
to  be  inserted  into  the  upper  half  of  the  ramus  and  outer  surface  of  the  coronoid 
process  of  the  jaw.  The  deep  portion  <>f  the  muscle  is  partly  concealed,  in  front 
by  the  superficial  portion:  behind,  it  is  covered  by  the  parotid  gland.  The  fibres 
of  the  two  portions  are  united  at  their  insertion. 

Relations. — By  its  j^uptfiifiaJ  surfare^  w  ith  the  Zygoraatici,  the  Socia  parotidis, 
and  8  ten  son 's\  duct ;  the  branches  of  the  facial  nerve  and  the  transverse  facial 
vessels,  which  cross  it;  the  masseteric  fascia;  the  Risorius,  Santorini,  Platysma 
myoides,  and  the  integument ;  by  its  deejt  surface^  with  the  Tcmpond  muscle  at 
its  insertion,  the  ramus  of  the  jaw,  and  the  Buccinator,  from  whitjh  it  is  separated 
by  a  mass  of  fat.  The  masseteric  nerve  and  artery  enter  it  on  its  ileep  surface. 
Its  poatcrior  margin  is  overlapped  by  the  parotid  gland.  Its  anterior  margin 
projects  over  the  Buccinator  muscle,  aufl  the  facial  vein  lies  on  it  beh:)w. 

The  temporal  fancia  is  scfn,  at  this  stage  of  the  dissection  covering  in  the 
Temporal  muscle.  It  is  a  strong,  fibrous  investment,  covered,  on  its  outer  surface, 
by  the  Attrabens  and  At  toll  ens  aurem  muscles,  the  aponeurosis  of  the  Occijjito- 
frontalis,  and  by  part  of  the  Orbicularis  palpebrarum.  The  temporal  vessels  and 
the  auriculo^temporal  nerve  cross  it  from  below  upward.  Above,  it  is  a  single 
layer,  attached  to  the  entire  extent  of  the  upper  tempopdl  ridge;  but  below,  where 
it  is  attached  to  the  zyg<una,  it  consists  of  two  layers,  one  of  which  is  inserted  into 
the  outer,  and  the  other  into  the  inner,  border  of  the  zygomatic  arcb.  A  small 
quantity  of  fat,  the  orbital  branch  of  the  teuijioral  artery,  and  a  filament  from  the 
orbital,  or  temporo-malar,  branch  of  the  superior  maxillary  nerve,  are  contained 
between  these  two  layers.  It  affords  attachment  by  its  inner  surface  to  the 
superficial  fibres  of  the  Temporal   muscle. 

DiaaectiOE. — In  order  to  expose  the  TemtHiml  must'le,  renin vl*  the  tenipoml  fasc-iii,  whii*h 
m'AX  be  c(fe<?te(l  by  sepanittriic  it  at  jts  at t^it'h merit  alotii?  the  upper  Wder  of  the  zygouin,  and 
dissectini?  it  upward  iVom  the  surfaee  «^t'  the  TiiiLS4.*le.  The  zygomatic  arch  should  then 
be  divided  in  Iront  at  its  junrtioii  wilh  the  mabir  bone,  and  Ijehind  near  the  exti  rnal  audit^^ry 
meatus,  and  drawn  dr>wfivviird  with  tlie  Mii.s**ter,  wliirh  should  he  detaehed  iVimi  iti»  inser- 
tion into  the  minus  antl  anLde  of  the  jaw.  The  whole  extent  of  the  Temjioral  miiiicle  is  then 
exposed. 

The  Temporal  (Fig,  273)  is  a  broad,  radiating  muscle  situated  at  the  side  of  the 
head  and  occupying  the  entire  extent  of  the  temporal  fossa.  It  arises  from  the 
whrde  of  the  temporal  fossa  except  that  portion  of  it  that  is  formed  hy  the  malar 
boue.  Its  attachment  extends  from  the  external  angular  process  <d*  the  frontnl  in 
front  to  the  mastoid  portion  of  the  tcui]»oral  behind,  and  from  the  curved  line  on 
the  frontal  and  parietal  bones  above  to  the  pterygoid  ridge  on  the  great  wing  of 
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the  sphenoid  below.     It  is  also  attached  to  the  inner  surface  of  the  temporal  fascia. 
Its  fihres  converge  as  they  descend,  and  terminate  in  an  aponeurosis,  the  fibres  of 
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Fio.  273.— The  Temporal  muscle,  the  «>»gonia  and  Maseet^r  hairing  been  removed. 

which,  radiated  at  its  commencement,  converge  into  a  thick  and  flat  tendon,  which 
is  inserted  into  the  inner  surface,  apex,  and  anterior  border  of  the  coronoid  process 
of  the  jaw,  nearly  as  far  forward  as  tlie  last  molar  tooth. 

Relations.— By  its  supei^iieial  surface^  with  the  intei^unient,  the  Attrahens  and 
AttoUens  aurera  muscles,  the  temporal  vessels  and  nerves,  the  aponeurosis  of  the 
Occipito-frontalia,  the  temporal  fascia,  the  zygoma,  and  Masseter ;  by  its  deep 
mirface^  with  the  tempera!  fossa,  the  External  pterygoid  and  part  of  the  Buccinator 
muscles,  the  internfil  maxillary  artery,  its  deep  temporal  branehes,  and  the  deep 
temporal  nerves.  Behind  the  tendon  are  the  masseteric  vessels  and  nerve,  and  in 
front  of  it  the  buccal  vessels  and  nerve.  Its  anterior  border  is  separated  from  the 
malar  bone  by  a  mass  of  fat. 

Nerves, — ^Both  muscles  are  supplie^l  by  the  inferior  maxillary  nerve. 

10,  Pterygo-maxitlary  Region  (Fig.  274), 

External  Pterygoid,  Internal  Pterygoid. 

Dissection. — Tlie  Temporal  musele  havini?  beeu  exammpfl,  saw  thniu^h  the  base  of  the 
comuiwd  pnii*ess.  ami  draw  it  ui>wur(l,  together  witli  tlie  TcmiH^nil  miisele,  which  should  be 
detached  troui  the  .surface  of  the  tem|Minil  fossa.  Divide  the  ramus  of  the  jaw  just  below  the 
coudyle,  and  ali«o.  I>y  i\  tniusverse  iucisiou  extendi ul'^  jit"rc>ss  tlie  nitddle,  just  above  the  dental 
ibramen  ;  remove  the  fra Lament,  and  the  Pterj'goid  muinles  will  be  expiwed. 

The  Ertemal  Pterygoid  is  a  short,  thick  muscle,  somewhat  conical  in  form, 
wbicb  extendi*  almost  horizontally  between  tbe  zygomatic  fu?*sa  and  the  condyle  of 
the  jaw.  It  arises  from  the  pterygoid  ridge  on  the  great  wing  of  tbeppbenoid  and 
the  portion  of  bone  included  between  it  and  the  base  of  the  pterygoid  process, 
and  from  the  outer  surface  of  the  external  pterygoid  plate.  Its  fibres  pass 
horizontally  !)ackward  and  mitward,  U\  be  inserted  into  a  depression  in  front  of 
the  neck  of  tbe  condyle  of  the  lower  jaw  and  into  the  corresponding  part  of  tbe 
interarticular  iibro-cartilage.  This  muscle,  at  its  origin,  appears  to  consist  of  two 
portions  separated  by  a  slight  interval  ;  hence  the  terms  upper  and  lower  head 
sometimes  used  in  the  description  of  the  muscle. 

RelatioEB.^ — By  its  external  nurfaci\  with  the  ramus  of  the  lower  jaw,  the 
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imernal  maxillary  artery,  which  crosses  it,*  the  tendon  of  the  Temporal  muscle, 
and  the  Masseter;  by  its  internal  mrface  it  rests  against  the  upper  part  of  the 
Internal   pterygoid^  the  internal  lateral  ligament,  the  middle  meningeal  artery, 


y 
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Fio,  274»— The  Pterygoid  muscles,  the  zygomatic  arch  and  a  portion  of  the  mmiu  of  the  jaw  haying  been 
remored. 


and  inferior  max i liar v  nerve :  by  its  upper  border  it  is  in  relation  with  the  temporal 
and  masseteric  branches  of  the  inferior  raaxillary  nerve ;  by  its  lower  border  it  is 
in  relation  with  the  inferior  dental  and  gustatory  nerves,  and  it  is  pierceil  l>y  the 
bueesil  nerve.  In  the  interval  between  the  two  portions  of  the  muscle  the  internal 
maxillary  artery  passes,  when  this  vessel  lies  on  the  muscle  (see  Fig.  274). 

The  Internal  Pterygoid  is  a  thick,  i|uadrilateral  muscle*  and  resembles  the 
Masseter  in  form.  It  arises  from  the  pterygoid  fossa,  being  attached  to  the  inner 
surface  of  the  external  |}terygoid  plate  and  to  the  grooved  surface  of  the  tuberosity 
of  the  palate  bone,  and  by  a  second  slip  from  the  outer  surface  of  the  tuberosity 
of  the  palate  bone  and  from  tbe  tuberosity  of  the  superior  maxillary  bone  ;  its  fibres 
pass  downward,  outward,  and  backward,  to  he  inserted,  by  a  strong,  tendinous 
lamina,  into  the  lower  and  back  part  of  the  inner  side  of  the  ramus  and  angle  of 
the  lower  jaw,  as  high  as  the  dental  foramen. 

Relations.— By  its  externa!  Htirfaee^  with  the  ramus  of  the  lower  jaw,  from 
which  it  is  separated,  at  its  up[>er  part,  by  the  External  pterygoid,  the  internal 
lateral  ligament,  the  internal  maxillary  artery,  the  dental  vessels  and  nerves,  and 
the  lingual  nerve;  by  its  interfitfl  siirf<it'i\  with  the  Tensor  palati*  being  separated 
from  tbe  Superior  constrictor  of  the  pharynx  by  a  cellular  interval. 

Nerves* — These  muscles  are  supplied  by  the  inferior  maxillary  nerve. 

Actions, — Tbe  Temporal  and  Masseter  and  Internal  pterygoid  raise  the  lower 
jaw  against  the  upper  with  great  force.  The  superficial  portion  of  the  Masseter 
assists  the  External  pterygoid  in  drawing  the  lower  jaw  forward  upon  tbe  upper, 
the  jaw  being  drawn  back  again  by  the  clce[>  fibres  of  the  Mjisseter  and  posterior 
fibres  of  the  Temporal.  The  External  pterygoid  muscles  are  the  direct  agents  in 
the  trituration  of  the  food,  drawing  the  lower  jaw  directly  forward,  so  as  to  make 
the  lower  tet^tli  project  beyruid  the  uj^per.  If  the  muscle  of  one  side  acts,  the 
corresponding  side  of  the  jaw  is  drawn  forward,  and,  the  oilier  condyle  remaining 
fixed,  the  symphysis  deviates  to  tbe  ojjposite  side.  The  alternation  of  these 
movements  on  the  two  sides  produces  trituration. 

*  This  18  the  usual  relation,  but  iii  many  cat^es  the  artery  will  be  found  below  the  muscle 
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Surface  Form. — ^Tlie  ontlme  of  the  muscles  of  the  head  and  face  cannot  be  traced  on  the 
surfiu^u  \j\*  the  bixly,  exet'iit  in  the  ease  of  two  of  the  inaistieiitory  muscles.  Those  of  the  head 
are  thin,  so  that  the  outhiit:  of  t!ie  bone  ia  pcreeptihle  iKHieadi  them.  Those  hi  tlie  face  are 
BuialL  covered  by  soft  sktOT  anci  oileu  hy  a  eonsiderahle  hiyer  of  fat^  so  that  their  outline  is  i-on- 
eealed,  but  they  »erve  to  round  off  and  smooth  [jroniinent  borders  and  to  fill  up  wlmt  would  be 
otherwij^  mmightly  angular  depreiision^.  Tluis^.  tlii^  Orbicularis  palpebrarum  rounds  off  the 
prominent  maririn  of  the  orbit,  and  the  PynLiiiidrtlis  nai-si  Jills  in  the  hharp  dej^ression  beneath 
the  lajlabella,  and  thus  sott*?ns  anri  tonus  down  the  abrnpt  depression  which  h  seen  on  the 
nneliithed  bone.  In  like  manner,  the  hibial  mustles,  eonveririuir  to  the  lips  and  assisted  by  the 
superimposed  Ik,  fill  ii»  the  sunken  holluw  of  the  lower  ])art  of  the  taee.  Although  themuseles 
of  the  face  are  usuallv  desfTihed  as  arising  from  the  Ikjucs  and  inserted  into  the  nose,  lips,  and 
corners  of  the  moutli,  they  have  fibres  inserted  into  the  skin  of  the  face  aloti^' their  whole 
extent,  so  that  ahiiost  every  point  of  the  skin  of  the  face  has  its  musi'ular  hhre  to  move  it ; 
henee  it  is  that  when  in  action  the  facial  mu-scies  |»r«H]uee  alterations  in  the  skin-surface, 
givinif  t'mh}  to  the  formation  of  various  folds  or  wrinkles,  or  otherwise  altering  the  relative 
position  of  parts,  so  as  to  proiluce  the  varied  expressions  with  which  the  face  is  endowed ; 
nenee  these  muscles  are  termed  the  '^muscles  of  exfiresston. "  The  only  two  Diustles  in  this 
region  whieh  greatly  influence  surface  fonn  arc  the  Masfieter  and  the  Temporal.  The  I^lasseter 
ia  a  quadrilateral  muscle,  which  imparts  fulness  to  the  hinder  jiurt  of  the  check.  When  the 
mu^le  is  firmly  contra*uted,  as  when  the  teeth  are  cletiched,  its  outline  is  plainly  visible; 
the  anterior  border  forms  a  proniinent  verLic4il  ridge,  beliind  which  is  a  considerable  fulness, 
espet^ially  marked  at  the  lovTer  part  of  the  muscle;  this  fulness  is  entirelv  last  when  the 
mouth  ia  opened  and  the  muscle  no  lonj^er  in  a  state  of  contriiction.  The  Temporal  mnscle 
is  fan-shaped,  and  fills  (lie  Teuiporal  fossa*  sul>atituting  for  il  a  sctmewhat  convex  fbrm^ 
the  anterior  iiart  of  which,  on  net^ount  of  the  abst^nce  of  hair  over  the  temple,  is  more 
marked  than  the  posterior,  and  stands  out  in  stmng  relief  when  the  niusete  is  in  a  state  of  con- 
traction. 

,  MUSCLES  AND  FASCUE  OF  THE  NECK. 

The  muscles  of  the  neck  may  be  arraDgcd  into  groups  corresponding  with  the 
region  in  which  they  are  situated- 


These  groups  are  nine  in  number: 

1.  Stiperhcial  cervical  region. 

2.  Depressors  of  the  Os  Hyoides 

and  Larynx* 

3.  Elevators  of  the  Os  Hyoides 

and  Larynx. 

4.  Muscles  of  the  Tongue. 


8. 


9.  Muscles  of  the  Larynx. 


Muscles  of  the  Pharynx* 
Muscles  of  the  Soft  IPalate, 
Muscles  of  the  Anterior  Ver- 
tebral Kegi^*n* 
Muscles  of  the  Lateral  Ver- 
tebral Region, 


The  muscles  contained  in  each  of  these 

1.   Superficial  Region. 

Platysma  myuides. 
Stern  o-cleido-mastoid. 

Infra-hyoid  Region. 

2.  Depressors  of  the  Os  hyoides  and 
Larynx. 

Stern  o-hyoid. 
Stern  0- thyroid. 
Thyru-hyoiJ, 
Omo-hyoid. 

Supra-hyoid  Region. 

8.  Elevators  of  the  Os  hyoides  and 
Larynx. 

Digastric. 
Stylo-hyoid. 
Mylo-hyoid. 
Genio-hvoid. 


groups  are  the  following: 
Lingual  Region, 

4.  3Iiiseies  of  the  Timgue. 

G  en  i  o-h  y  o-gl  oss  us . 

Hyo-glossus. 

Lingualia. 

Stylo-glossus. 

Palato-glossus, 

5.  3Iuseles  of  the  Pharynx. 

Constrictor  inferior. 
Constrictor  medius. 
Constrictor  superior, 
Stylo-pharyngeus. 
Palato-pharyngeus. 

6.  Muscles  of  the  Soft  Palate, 
Levator  palati. 

Tensor  imlati. 
Azygos  uvulj©, 
Palato-glossns. 
Falato-pbaryngeuSt 
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3Iuscl€9  of  the  Anterior  Vertebral 
Region, 

RectUB  capitis  anticiis  major. 
Rectus  capitis  anticus  minor. 
Rectus  lateralis. 
LoEgus  colli. 


.  Museles  of  the  Lateral  Vertebral 

Itegion, 
Scalenus  anticus. 
Scalenus  luedius. 
Scalenus  posticus. 

9.   Muscles  of  the  Larynx* 

Included  in  the  description  of 
the  Larynx. 


1.  Superficial  Cervical  Re^on, 

Platysma  myoides.  Sterno-cleido-mastoid. 

Dissection. — A  block  having  been  placed  at  the  back  of  the  neck,  and  the  face  turned  tjo 
the  side  opposite  tliat  to  be  dissecte<i,  m  as  to  place  the  piirti*  upuii  the  stretch,  make  two  trans- 
verse incisiijus :  rme  IVom  the  chin,  along  the  margin  of  the  lower  jaw,  to  the  miistoid  i^rocessT 
and  the  other  along  the  upper  b<jrJer  of  the  clavicle.  C'onnect  these  by  an  oblifjue  incision 
made  in  the  course  of  the  S tern o- mastoid  muscle,  from  the  mastoid  pn^jjcss  to  the  sternum  ;  the 
two  flaps  of  integument  having  been  removed  iu  the  direction  shown  in  Fig.  268^  the  superficial 
fascia  will  be  exposed. 

The  Supericial  Cervical  Fascia  is  a  thin,  aponeurotic  lamina  which  is  hardly 
demonstrable  as  a  separate  raerabrane.  Beneath  it  is  found  the  Platysma  myoides 
muscle. 

The  Platysma  myoides  (Fig.  269)  is  a  broad,  thin  plane  of  muscular  fibres 
placed  immediately  beneath  the  superficial  fascia  on  each  side  of  the  neck.  It 
arises  by  thin,  fibrous  bands  from  the  fascia  covering  the  upper  part  of  the  Pectoral 
and  Deltoid  muscles ;  its  fibres  proceed  obliquely  upward  and  inward  along  the 
side  of  the  neck.  The  anterior  fibres  intedace,  in  front  of  the  jaw,  with  the  fibres 
of  the  muscle  of  the  opposite  side;  the  posterior  fibres  pass  over  the  lower  jaw,  a 
few  of  them  being  attached  to  the  bone  below  the  external  oblique  line,  the  greater 
number  passing  on  to  be  inserted  into  the  skin  and  subcutaneous  tissue  of  the  lower 
part  of  the  face,  many  of  these  fibres  blending  with  the  muscles  about  the  angle 
and  lower  part  of  the  mouth.  Sometimes  fibres  can  be  traced  to  the  Zygomatic 
muscles  or  to  the  margin  of  the  Orbicularis  palpebrarum.  Beneath  the  Platysma 
the  external  jugular  vein  may  be  seen  descending  fi^om  the  angle  of  the  jaw  to  the 
clavicle. 

Surgical  Anatomy* — It  is  essential  to  remember  the  direction  of  the  fibres  of  the 
Platysma  in  connection  with  the  operation  of  bleeding  from  the  external  jugular  vein ;  for  if  the 
point  of  the  lancet  is  introduced  in  the  direction  of  the  muscular  fibres,  the  orifice  made  will  be 
felled  up  by  the  contraction  of  the  muscle,  and  blood  will  not  flow;  hut  if  the  incision  is  made 
across  the  cuurse  of  the  tibregj  they  will  retract  and  expose  the  orifice  in  the  vein^  and  so  allow 
the  flow  of  blood. 

Eelations. — By  its  external  surface j  with  the  integument,  to  which  it  is  united 
more  closely  below  than  above;  by  it«  interna!  surfacej  with  the  Pectoralis 
major.  Deltoid,  and  Trapezius,  and  with  the  clavicle;  in  the  neek,  with  the 
external  and  anterior  jugular  veins,  the  deep  cervical  fascia,  the  superficial 
branches  of  the  cervical  plexus,  the  Sterno-mastoid,  Sterno-hyoid,  Umo*hyoid, 
and  Digastric  muscles;  behitul  the  Sterno-mastoid  muscle  it  covers  the  Scaleni 
muscles  and  the  nerves  of  the  brachial  plextis ;  on  the  face  it  is  in  relation 
with  the  parotid  gland,  the  facial  artery  and  vein,  and  the  Maaseter  and  Buccinator 
muscles. 

ActioE.^ — The  Platysma  myoides  produces  a  slight  wrinkling  of  the  surface  of 
the  skin  of  the  neck,  in  an  oblifpie  direction,  when  the  entire  mn.scle  is  brought 
into  action.  Its  anterior  portion,  tlie  thickest  part  of  the  muscle,  depresses  the 
lower  jaw  ;  it  also  serves  to  draw  down  the  lower  lip  and  nngle  of  the  mouth  on 
each  side,  being  one  of  the  chief  agents  in  the  expression  of  melancholy. 

The  Deep  Cervical  Fascia  (Fig.  275)  is  a  strong,  fibrous  layer  which  invests  the 
muscles  of  the  neck  and  encloses  the  vessels  and  nerves.  It  commences*  as  an 
extremely  thin  layer,  at  the  back  part  of  the  neck,  where  it  is  attached  to  the 


Frc.  27.V— Section  of  the  neck  At  about  the  level  of  the  sixth  cervical  vertebra,  showing  the  amingempnt  of 
the  deep  cervical  fiiscla. 

this  nioscle  it  forms  a  layer  wliieh  covers  in  the  fiosterior  triangle  *jf  the  neck; 
and.  passing  forward  to  the  posterior  border  of  the  Sterno-mastoid  muscle,  divides 
into  two  layers,  one  of  which  passes  over,  and  tlie  otiier  under,  that  muscle. 
The  layer  which  passes  over  the  muscle  is  coiitiniiud  forward  to  the  front  of 
the  neck,  and  blends  with  the  fascia  of  the  opposite  side,  covering  the  anterior 
triaogle.  It  is  joined  on  its  under  surface,  except  for  about  an  inch  below,  by  a 
lamella  derived  from  the  layer  covering  the  deep  surface  of  the  Sterno-mastoid 
muscle.  Where  these  two  layers  do  not  meet  a  little  space  is  left  between  them,  aa 
they  both  pass  inward  to  the  middle  lii»e  of  the  neck.  This  is  BurtiMs  gpfttr,  and 
contains  a  little  areolar  tissue  and  fat,  nnd  occasionally  a  small  lymphatic  ghind* 
If  traced  upward,  the  anteri*»r  biyer  of  the  cervical  fascia  is  found  to  pass  across 
the  parotid  gland  aiid  ^lasseter  muscle,  forming  the  parotid  and  jnasseteric  faseitjp^ 
and  is  attached  to  the  bnver  border  (jf  the  zygoma,  and,  more  anteriorly,  to  the  lower 
border  of  the  body  of  the  jaw  ",  if  traced  d*»wnward,  it  is  seen  to  pass  to  the  upper 
border  of  the  clavicle  and  sternum,  being  pierced  just  above  the  former  bone  by  the 
external  jugular  vein.     In  the  middle  line  of  the  neck  tlie  fascia  is  connected  to  the 
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symphysis  of  the  inferior  maxilla,  and,  lower  down,  to  the  hyoid  booe,  between 

which  fioints  it  is  thin  ;  below  the  hyoid  bone  it  becomes  thicker,  and  is  attached 
below  to  the  anterior  margin  of  the  upper  border  of  the  sternum.  The  layer 
of  the  deep  cervical  fascia  which  passes  under  the  Sterno-mastoid  covers  the 
anterior  surface  of  the  Scalenus  anticus  muscle.  At  the  outer  side  of  the 
carotid  vessels  it  divides  into  two,  one  layer  passing  in  front  of  the  vessels,  the 
other  behind  them.  The  layer  which  passes  in  front  of  the  vessels  again  divides 
into  three  lamelhe.  Of  these,  the  anterior  lamella,  except  for  an  inch  below 
where  it  forms  the  posterior  boundary  of  Burns's  space,  joins  the  layer  of  cervical 
fascia  passing  over  the  Sterno-mastoid,  and  with  it  passes  to  the  middle  line 
covering  the  anterior  surface  of  the  Depressor  muscles  of  the  hyoid  bone.  The 
portion  of  this  lamella  which  invests  the  Omo-hyoid  is  continued  downward  as  a 
distinct  process,  which  descends  to  be  inserted  into  the  sternum  and  cartilage  of 
the  first  rib,  and  becomes  connected  with  the  Costo-coracoid  membrane.  The 
middle  lamella  passes  behind  the  depressors  of  the  hyoid  bone  and  in  front  of  the 
thyroid  body  to  meet  its  fellow  of  the  opposite  side,  in  front  of  the  trachea.  At 
the  root  of  the  neck  this  middle  lamella  can  be  traced  downward  into  the  thorax 
to  become  continuous  with  the  fibrous  layer  of  the  pericardium.  The  posterior 
lamella  passes  over  to  the  inner  side  of  the  carotid  vessels,  and  joins  the  layer 
passing  behind  them,  thus  enclosing  them  in  a  sheath.  The  layer  of  cervical 
fascia  which  passes  behind  the  carotid  vessels,  having  been  joined  by  the  posterior 
of  the  three  lamelhie  from  the  layer  of  fascia  passing  in  front  of  the  vessels,  is 
prolonged  inward,  behind  the  pharynx  and  cesophagus,  foiming  a  sheath  tor  the 
Prevertebral  muscles,  the  prevertebral  fascia.  The  layer  of  the  deep  cervical 
fascia,  which  p^isses  behind  the  Sterno- mastoid,  gives  off  another  lamella,  which 
passes  downward  and  outward  over  the  brachial  jilexus  and  subclavian  vessels,  to 
assist  in  forming  the  axillary  sheath.  The  two  layers  of  the  deep  cervical  fascia, 
where  they  nnite  opposite  the  angle  of  the  lower  jaw,  bind  the  Stemo-mastoid 
muscle  to  this  part  of  the  bone.  From  that  portion  of  the  cervical  fascia  which 
is  attached  to  the  angle  of  the  jaw  a  process  of  extreme  density  is  found  passing 
behind  to  the  inner  side  of  the  parotid  gland,  to  be  attached  to  the  apex  of  the 
styloid  process  of  the  temporal  hone  ;  this  is  termed  the  St ylo-m axillary  liga- 
ment. 

The  Stemo-mastoid  or  8ter]io-cleido*mastoid(Fig.  276)  is  a  large,  thick  muscle, 
which  passes  obliquely  across  the  side  of  the  neck,  being  enclosed  between  the  two 
layers  of  the  deep  cervical  tascia*  It  is  thick  and  narrow  at  its  central  part,  but  is 
broader  and  thinner  at  each  extremity*  It  arises,  by  two  heads,  from  the  sternum 
and  clavicle.  The  sternal  portion  is  a  rounded  fasciculus,  tendinous  in  front,  tleshy 
behincl,  which  arises  from  the  up|»er  and  anterior  part  of  the  first  piece  of 
the  sternum,  and  is  directed  upward,  outward,  and  backward.  The  davieular 
portion  arises  from  the  inner  third  of  the  superior  border  of  the  clavicle,  being 
composed  of  fleshy  and  aponeurotic  fibres  ;  it  is  directed  almost  vertically  upward. 
These  two  portions  are  separated  from  one  another,  at  their  origin,  by  a  triangular 
cellular  interval,  but  become  gradually  blended,  below  the  middle  of  the  neck, 
into  a  thick,  roimded  muscle,  which  is  inserted,  by  a  strong  tendon,  into  the  outer 
surface  of  the  mastoid  process,  from  its  apex  to  its  superior  border,  and  by  a  thin 
aponeurosis  into  the  outer  two-thirds  of  the  superior  curved  line  of  the  occipital 
bone.  The  Sterno-mastoid  varies  mucli  in  its  extent  of  attachment  to  the  clavicle  : 
in  one  case  the  clavicular  may  be  as  narrow  as  the  sternal  portion  ;  in  another, 
as  much  as  three  inches  in  breadth.  When  the  clavicular  origin  is  broad  it  is 
occasionally  subdivided  into  numerous  slips  seijarated  by  narrow  intervals.  More 
rarely,  the  corresponding  margins  of  the  8terno*mastoid  and  Trajiezius  have  been 
found  in  contact.  In  the  a pjdi cation  of  a  ligature  to  the  third  part  of  the  sub- 
clavian artery  it  will  be  necessary,  where  the  muscles  come  close  together,  to 
divide  a  portion  of  one  or  of  both. 

This  muscle  divides  the  quadrilateral  space  at  the  side  of  the  neck  into  two 
triangles,  an  anterior  and  a  posterior.     The   boundaries  of  the   anterior   triantfU 
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are,  in  front,  the  median  line  of  the  neck  ;  above,  the  Inwer  border  of  the  body  of 
the  jaw,  and  an   imaginary  line  drawn  from  the  angle  of  the  jaw  to  the  mastoid 


FlQ.  ItH.—  iAu 


ik'fl  of  the  neck  ftnd  ItouiiurtE  ji  >  «^i  Uie  triangles. 


process ;  behind,  the  anterior  border  of  the  Stern  o-maatoid  muscle.  The  boundaries 
of  {\n&  poster hr  triiuu/lc  are,  in  front,  the  posterior  border  of  the  Stenio-mastuid; 
below,  the  upper  border  of  the  clavicle ;  behind,  the  anterior  margin  of  the 
Traj>ezius/ 

Relations. — By  its  mtperfjritd  »urface^  with  the  integument  and  Platysma, 
from  which  it  is  separatett  by  the  external  jugular  vein,  the  Buperficial  branches 
of  the  cervical  plexus,  and  the  anterior  layer  of  the  deep  cervical  fascia.  By  its 
dei-p  atirface  it  is  in  relation  with  the  8terno*clavictdar  articulation ;  a  process  of 
the  deep  cervical  fascia ;  the  Sterno-hyoid,  Sterno-thyroid,  Omo-hyoid.  posterior 
belly  of  the  Digastric,  Levator  anguli  scapula?,  Splenius  and  Scaleni  muscles  ; 
common  carotid  artery,  internal  juguhir  vein,  commencement  of  the  internal  and 
external  carotid  arteries,  the  occipital,  subclavian,  tranaversalis  colli,  and  supra- 
scapular arteries  and  veins;  the  pneumogastric,  hypoglossal,  deacendens  and 
communicans  hypoghjssi  nerves,  and  the  spinal  accessory  nerve,  which  pierces 
its  upper  third;  the  cervical  plexus,  part  of  the  parotid  gland  and  deep  lymphatic 
glands. 

Nerves* — The  Platysma  myoides  is  supplied  by  the  facial  and  superficial 
branrbes  of  the  cervical  [ilexus;  the  Sterno-cleido-mastoid,  by  the  spinal  acceseory 
and  deep  branches  of  the  cervical  plexus. 

Actions. — ^When  only  one  Sterno*mastoid  muscle  acts,  it  flexes  the  head  and 
dr^nvs  it  toward  the  shoulder  of  ihe  same  side,  assisted  by  the  Splenius  and  the 
Oblif|uus  capitis  inferior  of  the  ojiposite  side.  At  the  same  time  it  rotates  the  head 
80  as  to  carry  the  face  toward  the  opposite  si<le*     When  both  muscles  are  brought 

'  The  aDatomj  of  tliese  triaagle^i  will  be  more  exactly  dencrtbed  with  that  of  the  veseelB  of  the 
neck. 
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into  action  they  serve  to  depress  the  head  upon  the  neck  and  the  neck  apon  the 

chest     If  the  bead  is  fixed,  they  assist  in  elevating  the  thorax  in  forced  inspiration. 

Siir&M:e  Form.— The  imtenor  edge  of  the  luiisele  furms  a  very  prominent  ridee  Ijeneath 
the  skin,  which  it  is  important  to  notice,  as  it  forms  a  guide  to  the  siirjtreon  in  making  the  neces- 
sary iuoisujiis  fur  liiriuure  of  the  cominon  carultJ  artery  and  for  oe^opha^otumy. 

Surreal  Anatomy. — The  relations  of  thestcnutl  anilclaviinilar  j>art8  of  the  Stemo-Tuii^toid 
ahoiiW  be  ciirefulty  exaojined,  \\a  the  j^vtreeoii  is  strmetiioea  reipiireJ  to  divide  tme  or  b«jth  por- 
tions of  the  musrle.s  in  rrn/'urc/c.  One  variety  of  thi.s  distortion  is  proda(*e{l  by  8pu.sTj»odie  eon- 
trdction  or  riL-^idity  of  I  lie  Stenio-inuMoid  ;  the  head  beiiii^  earned  down  Ifjward  the  shoulder  of 
the  s:nne  siile,  and  the  face  turned  to  the  opjx>site  side  and  fixed  in  that  position.  When  ihere 
is  jiernianent  shortening  subctit^i neons  division  of  the  musele  is  resorted  to.  Tliis  is  perff»ruied 
by  introducing  ti  tenotomy  kniie  Wneulli  it,  cli>sc  to  it^  origin,  and  divitling  it  ti*om  behind  for- 
ward whiisi  I  lie  muH^de  is  luit  wcdl  upon  the  stretch.  There  is  seldom  any  diffienlty  in  dividing 
the  internal  portion,  by  nnikini;  a  puncture  on  the  inntr  .^ide  of  the  tendon,  and  ihen  pushing  a 
bhmt  tenQtome  behind  it,  and  ciittinir  ibrvvard.  In  dividing  the  elavienkr  portion  care  must}>e 
taken  to  avoid  wounding  the  external  jugnlar  vein,  which  runs  pantllel  with  the  po,«tenor  border 
of  the  muscle  in  this  situation,  or  the  anterior  jugtdar  veiur  which  crosses  l>eneiith  it.  If  the 
external  jugular  vein  lies  near  the  ruusfle,  it  is  safer  to  make  the  first  puncture  at  the  outer  side 
of  tht?  tendon,  and  intri>dnee  a  blunt  tenotome  from  without  inward.  Some  of  the  fibres  of  the 
Stcrno-uKistoid  mus*'le  are  ot^Citsionally  torn  during  birth,  especially  in  bn^etdi  presto  nt  at  ions;  this 
ifi  aeeotnjjanied  hy  hieniorrltage  and  formation  of  a  .swelling  within  the  substance  of  the  muscle. 
This  by  some  is  believed  to  Ik>  one  of  the  causes  of  wry-necL 

2.  Infra^liyoid  Region  (Figs.  27C,  277). 
Depressors;  of  the  Os  IIyotdes  and  Larynx. 


Sterno-hyoid. 
Sterno-thyroid. 


Thyro-hyoid, 
Omo-hyoid* 


Bissection. — The  nmseles  in  this  region  may  lye  exposed  bv  removing  the  deeji  fascia  from 
the  fnmt  nY  the  neck*  In  order  to  w^e  the  entire  extent  of  the  Onio-hyuid  it  is  necessary  to 
divide  ilie  8t<*rno -mastoid  at  its  centre,  and  turn  its  ends  a.side,  and  to  detach  the  Traj>ezius 
ti^.mi  the  clavicle  and  scapula.  This^  however,  should  not  be  done  until  tlie  Tnipezins  luis  been 
dissected. 

The  Stemo-hyoid  is  a  thin,  narrow,  ribbon-like  muscle,  which  arises  from  the 
inner  extremity  of  the  elavicle  and  the  upper  uiui  posterior  part  *d*  the  first  jdece 
of  the  gterniiin  ;  i^a.ssint^  opwnnl  urid  inward,  it  is  inserted^  by  short,  tendinous 
fibres,  into  the  lower  boi'der  of  the  body  of  the  os  hyoides.  This  muscle  is  separated, 
below,  from  its  fellow  by  a  consideralde  interval ;  bttt  they  approach  one  another 
in  the  middle  of  their  course,  and  again  diverge  as  they  ascend.  It  sometimes 
presents,  immediately  above  its  origin,  a  transverse  tendinous  intersection,  like 
those  in   the   Rectus  abdominis. 

Eelations. — By  its  j*H/terJirial  surfaee,  below,  with  the  sternum,  the  sternal  end 
of  the  tduvicle,  and  the  Sterno-mastoid  ;  and  above,  with  the  Platysma  and  deep 
cervical  fascia;  by  its  dctp  gurftn'e,  with  the  Sterno-thyroid,  Crico-tliyroid,  and 
Thyro-hyoid  muscles,  the  thyroid  gland,  the  suf)erior  thyroid  vessels,  the  thyroid 
cartiluge,  the  crico-thyroid  and  thyro-byoid  membranes. 

The  Sterno-thyroid  is  jsituated  beneath  the  preceding  muscle,  but  is  shorter  and 
wider  than  it.  It  aiises  fr»mi  the  posterior  surface  of  the  first  bone  of  the  sterixum, 
below  the  origin  of  the  Sterno-hyoid,  and  from  the  edge  of  the  cartilage  of  the 
first  rib,  and  is  inserted  into  the  oblique  line  on  the  side  of  the  ala  of  the  thyroid 
cartilage.  This  muscle  is  in  eb>se  contact  with  its  fellow  at  the  lower  part  of  the 
neck,  and  is  occasionally  traverse<l  by  a  transverse  or  oblique  tendinous  intersection, 
like  those  in  the  Ilectus  abrlominis. 

Eelations. — By  its  anterior  iturfaci%  with  the  Sterno-hyoid,  Omo-hyoid,  and 
Sterno-mastoid;  by  its  postmor  mirface,  from  below  upward,  with  the  trachea, 
vena  innominata,  common  carotid  (tind  on  the  right  side  the  arterla  innominata), 
the  thyroid  gland  and  its  vessels,  ami  the  lower  part  of  the  larynx.  The  middle 
thyroid  vein  lies  along  its  inner  border,  a  relation  which  it  is  important  to 
remember  in  the  operation  of  tracheotomy. 

The  Tliyro-hyoid  is  a  small,  quadrilateral  muscle  appearing  like  a  continuation 
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are,  in  front,  the  median  line  of  the  neck  ;  above,  the  lower  bonier  of  the  body  of 
the  jaw,  and  an   imaginary  line  drawn  from  the  angle  of  the  jaw  to  the  mastoid 


Fio.  276.— Musclea  of  the  neck  anct  boundjirk^  ^^i  iiu-  iriiingleB. 

process ;  behind,  the  anterior  border  of  the  Stern  o-mastoid  muscle.  The  boundaries 
of  the  pmterwr  trmuijh  are,  in  front,  the  posterior  border  of  the  Sterni>mastoid ; 
below,  the  upper  border  of  the  clavicle;  behind,  the  anterior  margin  of  the 
Trapezius*^ 

Relations* — By  its  atitperticiffl  surface^  with  the  integument  and  Platysma, 
from  which  it  is  separated  by  the  external  jugular  vein,  the  superficial  branches 
of  the  cervical  plexus,  and  the  anterior  layer  of  the  deep  cervical  fascia.  By  its 
det'p  8urfiwt'  it  is  in  relation  with  the  Stcrno-clavicular  articulation;  a  process  of 
the  dee[)  cervical  fascia  ;  the  Sterno-byoid,  Sterno-thyroid,  Ooio-hyoid,  posterior 
belly  of  the  Digaatric,  Levator  anguli  scajxdsie,  Splenius  and  Scaleni  muscles ; 
common  carotid  artery,  internal  jugular  vein,  commencement  of  the  internal  and 
external  carotid  arteries,  the  occipital,  subclavian,  tranaversalis  colli,  and  supra- 
scapular arteries  and  veins;  the  pneiimogastric,  hypoglossal,  descendens  and 
communicans  hypoglossi  nerves,  and  the  spinal  accessory  nerve,  which  pierces 
its  upper  third;  tlie  cervical  plexus,  part  of  the  parotid  gland  and  deep  lymphatic 
glands. 

Nerves. — The  I*latysma  myoides  is  supplieil  by  the  facial  and  suj)erficial 
branches  of  the  cervical  jdexus;  the  Sterno-cleido-mai^toicl,  by  the  spinal  accessory 
and  dee  [I  branches  of  the  cervical  plexus. 

Actions, — When  only  one  8ternn-mastoid  muscle  acts,  it  flexes  the  head  and 
dr'iws  it  toward  the  shoulder  uf  the  ,<aiuc  .side,  assisted  by  the  Splenius  and  the 
Obliquus  capitis  inferior  of  the  ojiposite  siile.  At  the  same  time  it  rotates  the  head 
BO  as  to  carry  the  face  toward  the  opposite  side*     When  both  muscles  are  brought 

^  The  anatomy  of  theae  triungle»  will  be  more  exmotly  described  with  that  of  the  veseek  of  the 
Deck. 
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into  action  they  serve  to  depress  the  head  upon  the  neck  and  the  neck  upon  the 

chest.     If  the  head  is  fixed,  they  assist  in  elevating  the  thorax  in  forced  inspiration. 

Smface  Form.— The  unterior  edge  of  the  miiB«le  forms  a  very  prominent  ridge  beneath 
the  skill,  which  it  \s  importaitt  to  iiotiee,  jis  it  fornis  a  guide  to  the  sur^^eoi)  in  making  the  nei^es- 
san'  iiici.siorLs  fur  hytilure  ut'  thi*  common  famtid  artery  and  for  ce^stiplmgotomy. 

Siirgical  Anatomy. — The  rclarions  of  the  sternal  and  davieuhir  ]iartvS  of  the  Stenio-niitjstoid 
should  be  farefuh}'  examined,  as  the  liurReon  is  sometimes  rerjuired  to  divide  one  or  hoth  ptir- 
tions  of  the  tnnseleH  in  v^n/'urrl^  One  variety  «if  this  distortion  is  produeed  hy  spasmodie  wn- 
traction  or  rigidity  of  the  Sterno-nia.'^toid  ;  the  head  beini^  carried  down  toward  the  shoulder  of 
the  sfianie  side,  and  the  fiiee  turned  to  the  opposite  side  and  fixed  in  that  jjosition.  When  there 
is  permanent  shortening  subcutaneous  division  of  the  muscle  is  resorted  to.  This  is  iierl'onnud 
by  introducing  a  tenotomy  knife  hen  eat  h  it,  elo,-^  to  its  origin,  and  dividing  it  from  Ixdiind  for- 
ward  whilst  the  muscle  in  put  well  ujKin  tlie  stretch.  There  is  aelfium  any  diflicnky  in  dividing 
the  steiiiul  fiortkm,  hy  nuikim,^  a  puncture  on  the  inner  side  of  the  tendon,  and  then  jmshing  a 
bhuit  tenotonte  he!iind  it,  nn<l  culting  l!>rward.  In  dividing  the  clavicular  portion  care  nuist  he 
taken  to  avoid  wounding  the  external  jugular  vein*  which  nins  pandiel  with  the  po.'*terior  horder 
of  the  muscle  in  thia  situation,  or  the  anterior  jagidar  vein,  which  eros.^^8  Ivtuieath  it.  If  the 
external  juirular  vein  lies  near  the  musde,  it  is  safer  to  make  the  first  puncture  at  the  outer  side 
of  the  tendoti.  and  introthice  a  hlnnt  tenotome  from  without  inward.  Hume  of  the  filircs  of  the 
Sternu-masloid  nuiscle  are  (KTeasionallv  toni  during  birth,  esfjecially  in  breech  presentations;  this 
is  accompanied  by  luemorrbagc  arnl  formation  of  a  swelling  within  the  substance  of  the  muscle. 
This  hy  some  is  believed  to  i*e  one  of  the  i-auses  of  wry-neck. 


2.  Infrahyoid  Region  (Figs.  2Ttj,  277). 
Depressors  of  the  Os  IIvoides  and  Larynx. 


Sterno-hyoid. 
Stemo-thyroid. 


Thyro-hyoid. 
Omo-hyoid. 
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Dissection.— Til e  muscles  in  this  region  may  be  exposed  hv  removing  the  deep  fam^ia  from 
the  fnuil  of  tht^  neck,  in  <jrder  to  see  the  entire  extent  <d"  the  ihno-hyoid  it  is  necessary  to 
divide  the  Stermvmastoid  at  its  rcntre,  and  turn  its  ends  aside,  and  to  detach  the  Tnipezius 
from  the  clavicle  and  scapida*  This,  however^  should  not  be  done  until  the  Trapezius  has  been 
dissected. 

The  Sterno-hyoid  is  a  thin,  iHirrow',  ribboii-like  muscle,  which  arises  from  the 
inner  extremity  of  the  cliivicle  and  the  upj>er  and  posteriru*  }mrt  of  the  first  piece 
of  the  sternum  ;  passint^  ujiward  and  inward,  it  is  inserted,  by  short,  tendinous 
fibres,  into  the  lower  border  of  the  body  of  the  os  hyoides*  This  muscle  is  separated, 
below,  frum  its  fellow  by  a  considerable  interval ;  but  they  approach  one  another 
in  the  middle  of  their  course,  and  again  diverge  as  they  ascend.  It  sometimes 
presents,  immediately  above  its  origin,  a  transverse  tendinous  intersection,  like 
those  in   the   Rectus  alnbmiinis. 

Relationfl.— By  its  ttupt'rJirHd  surface^  below,  w^ith  the  sternum,  the  sternal  end 
of  the  chiviele.  and  the  Sterno-inastoid  :  and  above,  with  the  Platysma  and  deep 
cervical  fudcia  ;  by  lis  da'p  mrfaf't\  with  the  Sterno*thyroid,  Crico-thyroid,  and 
Thyi'o*hyoid  muscles,  the  thyroid  gland,  the  superior  thyroid  vessels,  the  thyroid 
cartilage,  the  crico-thyroid  and  thyro-byoid  membranes. 

The  Sternothyroid  is  siliiated  beneath  the  preceiling  muscle,  but  is  shorter  and 
wider  than  it.  It  arises  from  the  posterior  surface  of  the  first  bone  of  the  sternum, 
below  the  origin  of  the  Sterixo-hyoid,  and  from  the  edge  of  the  cartilage  of  the 
first  rib,  and  is  inserted  into  the  oblique  line  on  the  side  of  the  ala  of  the  thyroid 
cartilttge.  This  muscle  is  in  close  contact  with  its  fellow  at  the  lower  part  of  the 
neck,  and  is  occasionally  traversed  by  a  transverse  or  oblitjue  tendinous  intersection, 
like  those  in  the  Rectus  abdominis. 

Relations. — By  its  anterior  nurface,  with  the  Sterno-hyoid,  Omo-hyoid.  and 
Sterno-mastoid ;  by  its  posterior  g nrff tec ^  irnm  below  upward,  with  the  trachea, 
vena  innominata,  common  carotid  (and  on  the  right  side  the  arteria  innomiimta), 
the  thyroid  gland  and  its  vessels,  ami  the  lower  part  of  the  larynx.  The  middle 
thyroid  vein  lies  along  its  inner  border,  a  relation  which  it  is  important  to 
remember  in  the  operation  f»f  tracheotomy. 

The  Thyro-hyoid  is  a  small,  quadrilateral  muscle  appearing  like  a  continuation 
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of  the  Sterao-thyroid.  It  arises  from  the  oblique  line  on  the  side  of  the  thyroid 
cartilage,  and  f)asses  vertically  upward  to  be  inserted  into  the  lower  border  of  the 
body  and  greater  cornu  of  the  hyoid  bone. 

RelatioES. — By  its  external  surface^  with  the  8terno-hyoid  and  Omo-hyoid 
muscles;  by  its  internal  surface,  with  the  thyroid  cartilage,  the  thyro-hyoid 
membrane^  and  the  superior  laryngeal  vessels  and  nerve. 

The  Omo-hyoid  passes  across  the  side  of  the  neck,  from  the  scapula  to  the 

Symphysis 


m 


Fig.  277.— Muscles  of  the  neck.    Anterior  view. 

hyoid  bone.  It  consists  of  two  fleshy  bellies,  united  by  a  central  tendon.  It 
arises  from  the  upper  border  of  the  scapula  close  to,  and  occasionally  tVom  the 
transverse  ligament  which  crosses,  the  suprascapular  notch  ;  its  extent  of  attach- 
ment varying  from  a  few  linus  to  an  inch*  From  this  origin  the  posterior  belly 
forms  a  flat,  narrow  fasciculus,  which  inclines  forward  and  slightly  u|>ward 
across  the  lower  part  of  the  neck,  behiml  the  SternH-niastoid  muscU\  where  it 
becomes  tendinous;  it  then  changes  its  direction,  forming  an  obtuse  angle,  and 
terminates  in  the  anterior  belly,  which  passes  almost  vertically  upward,  close  to 
the  outer  border  of  the  Sterno-hyoid»  to  be  inserted  into  the  lower  border  of  the 
body  of  the  os  hyoi<ics,  just  external  to  the  insertion  of  the  Sferno-hyoid.  The  central 
tendon  of  this  muscle,  which  varies  much  in  length  and  form,  is  held  in  position 
by  a  process  of  the  deep  cervical  fascia,  which  includes  it  in  a  sheath.  This 
process  is  prolonged  down,  to  be  attached  to  the  cartilage  of  the  first  rib  and  the 
sternum.  It  is  by  this  means  that  the  angular  form  of  the  muscle  is  main- 
tained* 

This  muscle  subdivides  each  of  the  two  large  triangles  at  the  side  of  the  neck 
into  two  smaller  triangles;  the  twr*  |>osterior  ones  being  the  posftrrior  superior  or 
oceipitaly  and  the  posterior  inferior  or  suficlavian  ;  the  two  anterior,  the  anterior 
supt-rior  or  Huperior  carotid^  and  the  anterior  inferior  or  inferior  varotid  triamyle. 

Relations* — By  its  superficial  mirfaee^  with  the  Trapezius,  the  ♦Sterno-mastoid» 
deep  cervical  fascia.  Platysma,  and  integument;  by  it^  deep  Aurfaee,  vihh  the 
8caleni  muscles,  phrenic  nerve,  lower  cervical  nerves,  which  go  to  form  the  brachial 
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plexus,  the  suprascapular  vessels  and  nerve,  sheath  of  the  common  carotid  artery 
and  internal  jugular  vein,  the  Sterno-thyroid  and  Tbyro-h\oid  muscles. 

Nerves.— The  Thyro-hyoid  ia  supplied  by  the  hypoglossal ;  the  other  muscles 
of  this  group  by  branches  from  the  loop  of  communication  between  the  descendens 
and  Cf>mmunicans  bypoglossi. 

Actions. — These  muscles  depress  the  larynx  and  hyoid  bone,  after  they  have 
been  drawn  up  with  the  pharynx  in  the  act  of  deglutition.  The  Omo-hyoid 
muscles  not  only  depress  the  hyoid  bone,  but  carry  it  backward  and  to  one  or  the 
other  side.  It  is  concerned  es])ceiaily  in  the  act  of  mucking,  and  is  also  a  tensor 
of  the  cervical  fascia.  The  Thy ro- hyoid  may  act  as  an  elevator  of  the  thyroid 
cartilage  when  the  hyoid  bone  ascends,  drawing  upward  the  thyroid  cartilage, 
behind  the  os  hyoidesJ  The  Sterno-thyroid  acts  as  a  depressor  of  the  thyroid 
cartilaize. 


3.  Suprahyoid  Region  (Figs,  276,  277). 

Elevators  of  the  Os  Hvqides — Depressors  of  the  Lower  Jaw. 

Digaatric.  Mylo-hyoid* 

Stylohyoid,  Genio-hyoid. 

Diasection* — To  dissect  these  muscles  a  block  should  be  placed  beneatb  the  back  of  the 
neck,  and  the  head  drawn  backward  and  retained  in  that  position.  On  the  removal  of  the  deep 
fascin  the  miisc'les  ar«  at  ouce  exposed* 

The  Digastric  consists  of  two  fleshy  bellies  united  by  an  intermediate,  rounded 
tendon.  It  is  a  small  muscle,  situated  below  the  side  of  the  body  of  the  lower 
jaw,  and  extending,  in  a  curved  form,  from  the  side  of  the  head  to  the  symphysis 
of  the  jaw.  The  posterior  belh/,  longer  than  the  anterior,  arises  from  the  digastric 
groove  on  the  inner  side  of  the  mastoid  process  of  the  temporal  hone,  and  passes 
downward,  forward,  and  inward.  The  anterior  belly  arises  from  a  depression 
on  the  inner  side  of  the  lower  border  of  the  jaw%  close  to  the  symphysis,  and 
passes  downward  and  backward.  The  two  bellies  terminate  in  the  central 
tendon  whieli  perforates  the  Stylo-hyoid,  and  is  held  in  connection  witli  the  side 
of  the  body  and  the  greater  cornu  of  the  hyoid  hone  by  a  fibrous  loop,  lined  by  a 
synovial  membrane.  A  broad  aponeurotic  layer  is  given  off  from  the  tendon  of 
the  Digastric  on  each  side,  which  is  attached  to  the  body  and  great  cornu  of  the 
hyoid  bone:  this  is  termed  the  sujtra'fii/oiti  tipom'uroHh,  It  forms  a  strong  layer 
of  fascia  between  the  anterior  portion  of  the  two  muscles,  and  a  firm  invcstuient 
for  the  other  muscles  of  the  supra-hyoid  region  which  lie  deeper. 

The  Digastric  muscle  divides  the  anterior  superior  triangle  of  the  neck  into 
two  smaller  triangles ;  the  upper,  or  aubmaxiliari^^  being  bounded,  above,  by  the 
lower  border  of  the  body  of  the  jaw%  and  a  line  drawn  from  its  angle  to  the 
mastoid  process;  below,  by  the  posterior  belly  of  the  Digastric  and  the  Stylo- 
hyoid muscles;  in  front,  by  the  anterior  belly  of  the  Digastric,  the  lower  or 
gftperior  carotid  trtatiffle  being  bounded  above  by  the  posterior  belly  of  the  Digas- 
tric, behind  by  the  Sterno -mastoid,  below  by  the  Omo*hyoid. 

Eelations. — By  its  »uperficifil  giirfnce,  with  the  Platysma,  Sterno-mastoid,  part 
of  the  Splenius,  Irachelo-mastoid,  and  Stylo-hyoid  muscles,  and  the  parotid  gland. 
By  its  deep  surface^  the  anterior  belly  lies  on  the  Mylo-hyoid;  the  posterior  belly 
on  the  Stylo-glossTis,  Stylo-pharyngeus,  and  Hyo-glossus  muscles,  the  external 
carotid  artery  and  its  lingual  and  facial  branches,  the  internal  carotid  artery, 
internal  jugular  vein,  and  hypoglossal  nervt?. 

The  Styio-hyoid  is  a  small,  slender  muscle,  lying  in  front  of,  and  above,  the 
posterior  belly  of  the  Digastric.  It  arises  from  the  back  and  outer  sniface  of  the 
styloid  process,  near  the  base;  and,  passing  downward  and  forward,  is  inserted 
into  the  body  of  the  hynid  bone,  just  at  its  junction   with  the  greater  cornu,  and 

*  It  is  this  ac'tion  of  the  Thyro-hvoid  niiiscle  wlikh,  iih  Dr.  Buchanan  lia^s  j>ointed  out,  **  causes  or 
permits  the  fokling  Ijack  of  the  eptglottiii  over  the  upper  orifice  of  the  larynx."  \Jifat*tu  of  AntU.  and 
P%«.  2d  series,  No.  IIL  p.  265). 
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immediately  above  the  Omohyoid.  This  muscle  is  perforated,  near  its  insertion,  by 
the  tendon  of  the  Digastric. 

Relations.^Tiie  relations  are  the  same  as  those  of  the  posterior  belly  of  the 
Digastric. 

The  Stylo-hyoid  Ligament. — In  connection  with  the  Stylo-hyoid  mtiscle  may  be 
described  a  ligamentoii.s  bund,  the  Stylo-h^oid  Iftjainent,  It  is  a  fibrous  cord,  often 
containing  a  little  cartilage  in  its  centre^  which  continues  the  styloid  process  down 
to  the  hyoid  bone,  being  attached  to  the  tip  of  the  former  and  the  small  cornu  of 
the  latter.     It  is  often  more  or  less  ossified. 

Tlie  Diga.sfne  and  Stylo-hytml  should  be  renjoved,  in  order  to  expose  the  next  muscle. 

The  Mylo-kyoid  is  a  flat,  triangular  muscle,  situated  immediately  beneath  the 
anterior  belly  of  the  l)i;^astric.  and  forming,  with  its  fellow  of  the  op|iosite  side,  a 
muscular  floor  for  the  cavity  of  the  mouth.  It  arises  from  the  whole  lenglh  of 
the  myb>hyoid  ridge,  extending  from  the  symphysis  in  front  to  the  last  molar 
tooth  behind.  The  posterior  fibres  pass  obli([iiely  forward,  to  be  inserted  into  the 
body  of  the  os  hyoides.  The  middle  and  anterior  fibres  are  inserted  into  a  median 
fibrous  ra|>he.  extending  from  the  symphysis  of  the  lower  jaw  to  the  hyoid  bone, 
where  they  join  at  an  angle  with  the  fibres  of  the  o[*posite  muscle.  This  median 
raphe  is  sometimes  wanting;  the  muscular  fibres  of  the  two  sides  are  then  directly 
continuous  with  one  another. 

Eelations. — By  its  entaneom  mirfaee,  w^ith  the  Platysma,  the  anterior  belly  of 
the  Digastric,  the  supra-hyoid  aponeurosis,  the  submaxillary  gland,  submental 
vessels,  and  myh»-hyoid  vessels  and  nerve ;  by  its  deep  or  superior  sio'faee,  with 
the  Oenio-hyoid,  [tart  of  the  Hyo-glossus,  and  Stylo-gloss  us,  muscles,  the  hypo- 
glossal and  lingual  nerves,  the  submaxillary  ganglion,  the  sublingual  gland,  the 
deep  portion  of  the  submaxillary  gland  and  Wharton's  duct;  the  sublingual  and 
ranine  vessels,   and  the  buccal  mucous  membnine. 

Dissection.— The  Mylohyoid  should  now  be  removed,  in  onler  to  expose  the  muscles  which 
lie  iM'tHLiih  :  this  is  effected  by  detaehintc  it  from  its  attai^hmenia  t«  the  hyoid  bone  and  jaw,  and 
Bcpiimtiiig  it  by  a  vertical  iiieisiou  from  its  fellow  of  the  opposite  side. 

The  Qenio-hyoid  is  a  narrow,  slender  muscle,  situated  immediately  beneath  * 
the  inner  border  of  the  preceding.  It  arises  from  the  inferior  genial  tubercle  on 
the  inner  side  of  the  symphysis  of  the  jaw,  and  passes  downward  and  backward, 
to  be  inserted  into  the  anterior  surface  of  the  body  of  the  os  hyoides*  This  muscle 
lies  in  close  contact  with  its  fellow  of  the  opposite  side,  and  increases  slightly  in 
breadth  as  it  descends. 

Relations.^ — It  is  covered  by  the  Mylo-hyoid,  and  lies  on  the  Genio-hyo- 
rIossus. 

Nerves. — The  Digastric  is  supplied:  its  anterior  belly,  by  the  mylo-hyoid  branch 
of  the  inferior  dental;  its  posterior  belly,  by  the  facial;  the  8tyh>hyoid,  by  the 
facial ;  the  Mylo-hyoid,  by  the  mylo-hyoid  branch  of  the  inferior  dental ;  the  Genio* 
hyoid,  by  the  hypoglossaL 

Actions. — This  group  of  muscles  performs  two  very  important  actions.  They 
raise  the  hyoid  bone,  aud  with  it  the  base  of  the  timgtie,  during  the  act  of  degluti- 
tion; or,  when  the  hyoid  bone  is  fixed  by  its  dej>ressor8  and  those  of  the  larynx, 
they  ilepress  the  lower  jaw.  During  the  first  act  of  deglutition,  when  the  mas^ 
IS  being  driven  from  the  month  into  the  pharynx,  the  hyoid  bone,  and  with  it  the 
tongue,  is  carried  upward  and  forward  by  the  anterior  belly  of  the  Digastric,  the 
Myh«-hyoid,  an<l  Genio-hyoid  muscles.  In  the  second  act,  when  the  ma.«s  is  pass- 
ing through  the  fiharynx,  the  direct  elevation  of  the  hyoid  bone  takes  place  by 
the  combined  action  of  all  the  muscles ;  and  after  the  food  has  pas.^ed  the  hyoid 
bone  is  carried  upwanl  and  backward  by  the  posterior  belly ^of  the  Digastric  and 
Stylo-hyoid  muscles,  which  assist  in  preventing  the  return  of  the  morsel  into  the 
mouth. 

'  This  refers  to  the  de^th  of  llie  muBu'les  from  the  skin  in  the  order  of  difleeotion.  In  the  erect 
positton  of  the  body  eaeh  of  these  mu^es  lies  above  the  prceeding. 
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4.  Lingual  Region. 

Genio-hyoglQSSus.  Stylo- gloss  us. 

Hvo-glossus,  Palato-glossus. 

Ch  on  d  ro-gl  osa  «  s . 

DlBsectioa. — After  wmpletinj?  the  diss^eetion  of  the  preceding  iiitiiicfes,  saw  throiiph  the 
lower  jaw  just  external  to  the  symphysis.  Thea  draw  the  tongue  forward,  iind  uttiieh  it,  hy  a 
stitch,  to  the  nose;  when  its  muscles,  which  are  thtis  put  on  the  stretch,  may  be  examined. 

The  Oenio-liyo-glossiis  has  received  its  Darae  from  its  triple  attachment  to  the 
jaw,  byoid  bone,  and  tongue,  but   it  would  be  better  named  the   Genio-glossm^ 
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Fio.  278.— Muaeliw  of  the  tongriie.    Left  side. 

since  its  attachment  to  the  hyoid  bone  is  very  slight  or  altogether  absent  It  is  a 
flat,  triangular  muscle,  placed  vertically  on  either  side  of  the  middle  line*  its  apex 
corresponding  with  its  point  of  attachment  to  the  lower  jaw,  its  base  with  its 
insertion  into  the  tongue  and  hyoid  bone.  It  arises  by  a  short  tendon  from  the 
superior  genial  tubercle  on  the  inner  side  of  the  symphysis  of  the  jaw.  immediately 
above  the  Geuio-hyoid  ;  from  ihis  point  the  muscle  spreads  out  in  a  fao-like  form, 
few  of  the  inferior  fibres  passing  downward,  to  be  attached  by  a  thin  aju>neurusis 
Into  the  upper  part  uf  the  body  of  the  hvoid  bone;  the  middle  fibres  passing  back- 
ward,  and  the  superior  ones  upward  and  forward,  to  enter  the  whole  length  of  the 
under  surface  of  the  tongue,  from  tiie  base  to  the  apex.  The  two  muscles  lie  tm 
either  side  of  the  median  plane  ;  bchiiML  they  are  (jutte  distinct  from  each  other, 
and  are  separated  at  their  insertion  into  the  uniler  surface  of  the  tongue  by  a  ten- 
dinous raphe,  which  extends  through  llie  middle  of  the  organ;  in  front,  the  two 
muscles  are  more  or  less  blended  :  distinct  fasciculi  are  to  be  seen  passing  off  from 
one  muscle,  crossing  the  middle  line,  and  intersecting  with  bundles  of  fibres 
derived  from   the  muscle  on  the  other  side  (Fig.  279). 

Relatioiis. — By  its  infernal  surface  it  is  in  contact  with  its  fellow  of  the  opposite 
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side;  by  its  external  surf  ace  ^  with  the  Inferior  lingualis,  the  Hyo-glosstis,  the  lin- 
gual artery  and  hypoghtssal   nerve,  the  lingual  nerve,  and  sublingual  gland ;  by 

its  upper  border^  with  the  mucous  membrane  of 
the  floor  of  the  mouth  (framum  linguiie) ;  by  its 
hwer  hitrder,   with   the  Genio-hyoid. 

The  HyO'glossus  is  a  thin,  flat,  qundrilateral 
muscle  which  arises  from  tlie  side  of  the  body 
and  whole  length  of  the  greater  cornu  of  the  by- 
Old  bone,  and  passes  almost  vertically  upward  to 
enter  the  side  of  the  tongue,  between  the  Stylo- 
glossus and  Lingual  is.  Those  fibres  of  this  mus- 
cle which  arise  from  the  body  {basio-ghmnB)  are 
directed  upward  and  backward,  overlapping 
those  arising  from  the  greater  cornu  (keratn' 
gloMUs)^  which  are  directed  upward  and  forward. 
Eelations. — By  it8  external  $urfaee^  with  the 
Digastric,  the  Stylo-hyoid,  Stylo-glosaus,  and 
Mylo-hyoid  muscles,  the  submaxillary  ganglion, 
the  lingual  and  hypoglossal  nerves,  Wharton's 
duct,  and  the  deep  portion  of  the  submaxillary 
gland ;  by  its  deep  mirfaee,  with  the  Stylo-hyoid 
ligament,  the  Genio-hyo-glossus,  Lingual  is,  and 
Middle  constrictor,  the  lingual  vessels,  and  the 
gl osso- ph a  ry  n gea  I  n e r ve. 

The  Chondrorglossua  is  a  distinct  muscular 
slip,  about  tbree-quartei^  to  an  inch  in  length, 
which  arises  from  the  inner  side  and  ba^e  of  the 
lesser  cornu  of  the  hyoid  bone  and  contiguous 
portion  of  the  body  of  the  bone,  and  passes 
directly  upward  to  blend  with  the  intrinsic  mus- 
cular fibres  of  the  tongue,  between  the  H yo- 
gi ossus  and  Oenio-hyo-glossus.  A  &maU  slip  of 
muscular  fibre  is  occasionally  found,  arising  from  the  cartilago  triticea  in  the 
thyro-hyoid  ligament,  and  passing  upward  and  forward  to  enter  the  tongue  %vith 
the  bin  derm  OS  t  fibres  of  the  Hyo-glossiis. 

The  Stylo -glossus,  the  shortest  and  smallest  of  the  three  styloid  muscles,  arises 
from  the  anterior  and  outer  side  of  the  styloid  process,  near  its  apex,  and  from  the 
stylo-maxillary  ligament,  to  which  its  fibres,  in  most  cases,  are  attached  by  a  thin 
aponeurosis.  Passing  downward  and  f<irward  between  the  internal  and  external 
carotid  arteries,  and  becoming  nearly  horizontal  in  its  direction,  it  divides  upon 
the  side  of  the  tongue  into  two  portirms:  one  longitudinal,  which  enters  the  side 
of  the  tongue  near  its  dorsal  surface,  blending  with  the  fibres  of  the  Lingualis  in 
front  of  the  llyo-glossus ;  the  other  oblifjue,  which  overlaps  the  Hyo-glossus 
muscle  and  decfissates  with  its  fibres* 

Relations. — By  its  external  surfaee^  from  above  downward,  with  the  parotid 
gland,  the  InreiTuil  |>tervgoid  muscle,  the  lingua!  nerve,  and  the  mucous  membrane 
of  the  turrurh;  by  its  internal  surface,  with  the  tonsil,  the  Superior  constrictor, 
and  the  Hy t)-glossus  muscle. 

The  Palato-glosaua,  or  Coastrictor  istkmi  faucimn,  althongh  it  is  one  of  the 
mtiscles  of  the  tongue,  serving  to  draw  its  base  upward  during  the  act  of  degluti- 
tion, is  more  nearly  associated  with  the  soft  palate,  both  in  its  situation  and  func- 
tion;  it  will  consefjuently  be  described  with  that  grou]>  of  muscles. 

Nerves.^ — The  Palato-glossusis  probably  innervated  by  the  spinal  accessory  nerve^ 
through  the  pharyngeal  plexus;  the  Inferior  lingualis,  according  to  some  authoi*s, 
by  the  chor«la  tympani ;  the  remaining  muscles  of  this  group,  by  the  hypoglossal. 
Muscular  Substance  of  Tong:ue. — The  muscular  fibres  of  the  tongue  run  in  vari- 
ous directions.     These  fibres  are  divided  into  two  sets — Extrinsic  and  Intrinsic. 


CHON  DflO-GtOSSU*. 


Fwi,  279.— Musclt?^  nf  tb<^  tongue  from  be- 
low. (From  fl  preparation  in  the  ^uiieum  of 
the  Royal  College  of  Surgeons  of  England.) 
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The  extrinsic  muscles  of  the  tongue  are  those  which  have  their  origin  external, 
and  only  their  terminal  fibres  eontained  in  the  substance  of  the  organ.  They  are : 
the  8tyh>gIossy8,  the  Hyrj-ghjssus,  the  Palato-glossus,  the  Genio-hyo-glossus,  and 
part  of  the  Superior  constrictor  of  the  pharynx  (Pharyngeo-glossns).  The  intrinsic 
are  those  which  are  contained  entirely  within  the  tongue,  and  form  the  greater 
part  of  its  muscular  structure. 

The  tongue  cnnsists  of  symmetrical  halves  separated  from  each  other  in  the 
middle  line  by  a  fibrous  septum.  Each  hsilf  is  composed  of  muscular  tibrefi 
arranged  in  various  directions,  containing  much  interposed  fat  and  supplied  by 
vessels  and  nerves. 

To  demonstrate  the  various  fibres  of  the  tongue,  the  organ  should  be  sub- 
jected to  prolonged  boiling,  in   order  to  soften  the  connective  tissue ;   the  dis- 
section  may   then   be  commenced    from    the    dorsum   (Fig.   280),     Immediately 
"  eneuth  the    mucons  membrane    is   a  submucous,  fibrous  layer,   into  which   the 
luscular   fibres   which   terminate   on   the    surface    of   the   tongue   are    inserted. 

Upon  removing  this,  with  the  mucous  mem- 
\  \  brane,  the  first  sti-atum  of  muscular  fibres  is 

exposed.  This  belongs  to  the  group  of  intrin- 
sic muscles,  and  has  been  named  the  Superior 
lingualvi.      It   consists   of   a    thin    layer   of 


Cut  edge  of  Stiperficiat  lingualh. 

FiG»  280.— Miucles  on  the  doraum  of  the 
tongue. 


Fig,  ^1.— Coronal  fcctioti  of  toneiie.  Showing  intritwlc 
mu^rh-.-  ^  '^rred  frowi  Kruusc)  a,  UukuaI  artery;  h,  Inferior 
UliL  i.rouKh :  c,  fibres  of  Hyu-glosRUS ;  tl,  fvhljque  flbrot 

of  -  - 1  r»  hisiTtJon  t»f  Tmmvense  UnEUttlls;  /.  Supe- 

rioi  Aiimniiiir  .  if^  \*api\igt  to  tongue  ;  h.  verticttl  fibres  of  Gemo- 
hyo-glossua  inteniectlng  Tran«vers«  Ung\iali» ;  U  septula. 


obrnpie  and  longitudiuftl  fibres  which  arise  fiYmi  the  submucous  fibrous  layer,  ch>se 
to  the  Epiglottis,  and  from  the  fibrous  septum,  and  pass  forward  and  tnitward  to 
the  edges  of  the  tongtie.  Between  its  fibres  pass  some  vertical  fibres  derived  from 
the  Genio-hyo-glossus  and  from  the  vertical  intrinsic  muscle,  which  will  he  described 
later  nn.  Beneath  this  layer  is  the  second  stratum  of  muscular  fibres,  derived  prin- 
cipally from  tbe  extrinsic  muscles.  In  front  it  is  formed  by  the  fibres  derived  from 
the  Stylo-gloss  us,  running  along  the  side  of  the  tongue,  and  sending  one  set  of  fibres 
^ver  the  d<*rsum  which  runs  obliquely  forward  and  inward  to  the  middle  line,  and 
aother  set  of  fibres,  seen  at  a  later  period  nf  the  dissection,  on  to  the  under  surface 
of  the  sides  of  the  anterior  part  of  the  tongue*  which  run  forward  and  inward, 
between  tbe  fibres  of  the  Hyo-glossus,  to  the  middle  line.  Behind  this  layer  of 
fibres,  derived  from  tlie  Stvlo-glossuB,  are  fibres  derived  from  tlie  Ilyo-glossus, 
assisted  by  some  few  fibres  of  the  Falalo-gloasus.  The  Hyo-glossns,  entering  the 
side  of  the  under  surface  of  the  tongue,  between  the  Stylo-gloss  us  and  Inferior  lin- 
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gualis,  passes  rornid  its  margin  and  spreads  out  into  a  lityer  on  the  dorsum,  which 
occupies  the  midille  third  of  the  organ,  and  runs  ahuosf  trMiisversely  inward  to  the 
septum.  It  is  rein  forced  hy  some  fibres  from  the  Palato-glossus ;  other  fib^e^9  of  this 
muscle  pass  more  deejdy  and  intermingle  with  the  next  la^'er.     The  posterior  part 

^  of  the  second  layer  of  the  museular  fibres  of  the  tongue  is  derived  from  those 
fibres  of  the  llyo-glossus  whii-h  arise  from  the  lesser  cornu  of  the  hyuid  bone,  and 
are  here  described  as  a  separate  mnscle— the  Chondro-glossus.  The  fibres  of  this 
muscle  are  arranged  in  a  fan-shaped  manner,  and  spread  out  over  the  posterior 
third  of  the  tongue.  Beneath  this  layer  is  the  great  mass  of  the  intrinsic  muscles 
of  the  tongue,  intersected  at  right  angles  by  the  terminal  fibres  of  one  of  the 
extrinsic  muscles- — the  (Tenio-hyo-glossus.  Ihis  portion  of  the  tongue  is  paler 
in  color  and  softer  in  texture  than  that  already  described^  and  is  sometimes 
designnted  the  medidlary  portion  in  contradistinction  tu  the  firmer  superficial  part, 
which  is  termed  the  cortical  portion.  It  consists  largely  of  transverse  fibres,  the 
Trattsfu^rse  hmjualis,  and  of  vertical  fibres,  the  Vertieal  lin^/itaUs.  The  Transverse 
lingualis  forms  the  largest  portion  of  the   third  layer  of  muscular  fibres  of  the 

Itongue.  The  fibres  arise  from  the  mediiin  septum,  and  pass  outward  to  be  inserted 
into  the  submucous  fibrous  layer  at  the  sides  of  the  tcmgue.  Intermingled  with 
these  transverse  intrinsic  fibres  are  transverse  extrinsic  fibres  derived  from  the 
Palato-glossus  and  the  Superior  constrictor  of  the  |>haryDx-  These  transverse 
extrinsic  fibres,  however,  run  in  the  op||»osite  direction,  passing  inward,  toward 
the  septum.  Intersecting  the  transverse  fibres  are  a  large  ntjmber  of  vertical  fibres 
derived  partly  from  the  Genio-hyo-glossus  and  partly  from  vertical  intrinsic  fibres, 
the  Vertical   lingualis.     The  fibres  derived   from  the  (Tcnio-hyo^glossns  enter  the 

^under  surface  of  the  tongue  on  each  side  of  the  median  septum  from  base  to  apex. 

iThey  ascend  in  a  radiating  manner  to  the  dorsum,  being  inserted  into  the  snh- 

[iDUCOus  fibrous  layer  covering  the  tongue  on  each  side  of  the  middle  line.  The 
Vertical  lingualis  is  found  only  at  the  borders  of  the  fore  part  of  the  tongue, 
external  to  the  fibres  of  the  Gcnio-hyo*glossus.  Its  fibres  extend  from  the  upper 
to  the  under  surface  of  the  truigue,  decussating  with  the  fibres  of  the  other  muscles, 
and  especially  with  the  Transverse  lingualis.  The  fourth  layer  of  muscular  fibres 
of  the  timgiie  consists  [lartly  of  extrinsic  fibres  derived  from  the  Stylo-glossus,  and 
partly  of  intrinsic  fibres,  the  IntWior  Umffiaiis,  At  the  sides  of  the  under  surfiice  of 
the  tongue  are  some  fibres  derived  from  the  Stylo-glossus,  which,  as  it  runs  forward 
at  the  side  of  the  tongye,  gives  oft*  fibres  which,  passing  forward  and  inward  between 
the  fibres  of  the  Ilyo-glossos,  form  an  inferior  oblii|ue  stratum  which  joins  in  front 
with  the  anterior  fibres  of  the  Inferior  lingualis.  The  Inferior  lingualis  is  a  longi- 
tudinal barnK  situated  on   the  nnder  surfiice  of  the  tongue,  lying  in  the  interval 

jbetween  the  Stylo-gb>3sus,  in  front  of  the  Hyo-glossus,  and  the  Genio-hyo-glossus, 
and  exteniling  from  the  base  to  the  apex  of  the  organ.  Posteriorly,  some  of  the 
fibres  are  lost  in  the  base  of  the  t»mgue,  and  others  are  occa^^ionally  attached  to 
the  hyoid  bone.  It  blends  with  the  fibres  of  the  Hyo-glossus,  and  is  continued 
forward  as  far  as  the  upex  (d'  the  tongue.  It  is  in  relation  by  its  under  surface 
with  the  ranine  artery* 

Surgical  Anatomy.— The  fibrous  septum  which  exists  between  the  two  halves  of  the 
tongue  is  very  i-ouiiik'tt?,  .S4>  that  the  auu^stxiujosis  Iwtweeu  the  twi>  liu^'ual  arteries  is  not  very 
free,  a  fiict  otien  illustrated  liy  iaieftifiicoue-hiilf  of  the  t<inj^ue  with  colored  aizej  widle  the  other 
halt'  is  letl  uniiijwted  or  is  injected  with  siae  of  ii  dilTert^nt  color. 

This  is  a  point  of  considenible  imjiortimfe  ia  cxjniiet*tion  with  removal  of  one-half  of  tlie 
tongue  foreaneer^  anopenitiua  which  is  now  frequejitly  resttrted  to  wlien  the  diseases  is  strictly 
oonfined  to  one  fiide  of  the  tongue.  If  the  mucou.s  luemhraue  is  divided  k*ngitudiniillv  exactly 
in  the  middle  line,  the  tormuc  can  be  mlit  into  halves  idung  the  median  raphe  without  any 
appreciable  haBUiorrhage,  and  the  disea^ted  half  can  thea  be  removed* 

Actioiis. — The  movements  of  the  tongue,  although  numerous  and  complicated, 
may  be  understood  by  carefully  considering  the  direction  of  the  fibres  of  its 
muscles.  The  Getiw-ht/OHjIo»m  muscles,  by  means  of  their  posteriijr  fibres,  draw 
the  base  of  the  tongue  forward,  so  as  to  protrude  the  apex  from  the  mouth.  The 
anterior  fibres  draw  the  tongue  back  into  the  mouth*     The  whole  length  of  these 
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two  muscles,  acting  along  the  middle  line  of  the  tongue,  draw  it  downward,  so  as  to 
make  it  concjive  from  jsicle  to  gide,  ffinuing  a  cliamiel  alontr  which  fluids  may  pass 
toward  the  [ihurvux,  as  in  .sucking.  The  Ilt/o-*/ iosui  mimc[e»  depress  the  tongue 
and  draw  down  its  sides,  so  as  to  render  it  convex  from  side  to  side.  The  Stf/lo- 
gfoHHt  muscles  draw  the  tongue  upward  and  backward.  The  Palato-glosm  mnscles 
draw  the  base  of  the  tongue  upward,  With  regard  to  the  intrinsic  muscles,  both 
the  Superior  and  Inferior  linguales  tend  to  shorten  the  tongue,  but  the  former,  in 
addition,  turn  the  lip  and  siiles  upwaril  so  as  to  render  the  dorsum  concave,  while 
the  hitter  pull  the  tip  downward  and  cause  the  dorsum  to  hect»me  convex.  The 
Transverse  lingualis  narrows  and  elongates  the  tongue,  and  the  Vertical  lingnalis 
flattens  and  broadens  it.  The  complex  arrangement  nf  the  mnscular  fibres  of 
the  tongne,  and  the  various  directions  in  which  they  run,  give  to  this  organ  the 
power  of  assuming  the  various  forms  necessary  for  tlie  enunciation  of  the  different 
consonantal  sounds ;  and  l)n  Macalister  statesi  that  "' there  ia  reason  to  believe, 
that  the  musculature  of  the  tongue  varies  in  different  races  owing  to  the  hereditary' 
practice  and  liabitual  use  of  certain  motions  required  for  enunciating  the  several 
vernacular  languages." 

5*  Pharyngeal  Begioo. 

Inferior  constrictor,  Superior  constrictor, 

M  i ddl  e  eon  s  t r i  c  t o  r .  S  t y  1  o- p h  a  ry  nge n  s . 

Palato-pharvnEeus.       1       /«  i.        *-       v 

o  1   ^    *      L  >     (bee  next  section.) 

Dalpingo-pharyngeus.  J       ^  ^ 

Bissectioii  (Fig.  282),— Tn  order  to  ejcamine  the  muscles  of  the  pharynxj  cut  through  the 
chea  and  oesttpha^rus  just  ahove  t!ie  sternum^  and  draw  tht'in  upward  by  dividing  the  loose 
lolar  tissue  coa nee tiatr  the  j)haryns  with  the 

front   of  the   venebnd   column.      The   part^ 

Ijeinir  rlrawn  well  fnrwsird,  apply  the  edjtre  of 

the  ^iiw  iuimedliitely  behind  tlie  8t>loid  pro- 
cesses, aud  siLw  the  base  uf  the  skull  tlirtjugh 

fnmi  below  upward.     Th**  phtirynx  and  mouth 

s!niuM  then  he  stufferl  with  ii»w,  in  onUrr  to 

distend  its  cavity  and  rendiT  the  luascles  tense 

and  easier  of  dissection. 

The  Liferior  constrictor,  the  raost 
Buperficial  juni  thickest  of  the  three 
constrictors,  arij^es  from  the  ^idcs  of  the 
cricoid  and  thymicl  cartilages.  To  the 
cricoid  cartilage  it  is  attached  in  the 
interval  between  the  (Jrico-rhyroid  mus- 
cle in  front  and  the  articular  facet  for 
the  thyroid  cartilage  behind.  To  the 
thyroid  cart i Inge  it  is  attached  to  the 
obli<pie  line  on  the  side  of  tte  great  ala, 
the  cartilaginous  surface  behind  it,  near* 
ly  as  far  as  its  posterior  border;  and  to 
the  inferior  cornu.  From  these  attach- 
ments the  fibres  sjiread  backward  and 
inward,  to  he  inserted  into  the  fibrous 
raphe  in  the  posterior  median  line  of 
the  pharynx.  The  inferior  fibres  are 
horizontal,  and  continuous  with  the 
fibres  <*f  the  oesophagus :  the  rest  as- 
cend, increasing  in  obliquity,  and  over- 
lap the  Middle  Civn^trictor.  The  SUJ)e-  Fio.  282.-Mti»clet  ofU»eptiarynx.  Externftlview. 
rior    laryngeal   nerve  and   artery   pass 

near  the  upper  border,  and  the  inferior,  or  recurrent  laryngeal,  beneath  the  lower 
border  of  this  muscle^  previous  to  their  entering  the  larynx. 

Kelfttions.— It  is  covered  by  a  dense  cellular  membrane  which  surrounds  the 
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entire  pharynx.  Behind,  it  is  in  relntion  with  the  vertebral  coltiniTi  and  the 
Longos  colli  mtiscle;  hihntih/,  with  the  thyroid  gland,  the  common  carotid  artery, 
and  the  Sterno-thyroid  muscle  ;  by  its  internal  surface^  with  the  Middle  constrictor, 
the  Stylo-|iharYngeHS,  Palato-pharyngeus,  the  fibrous  coat  and  mucous  membrane 
of  tht^  ]iharynx. 

The  Middle  constrictor  is  a  Hattened,  fan-sha[ied  muscle,  smaller  than  the  pre- 
ceding. It  arises  from  the  whole  length  of  the  upper  surface  of  the  gre*ater  eornu 
of  the  hyoid  bone,  frmn  the  lesser  cornu,  and  from  the  styhvhyoid  ligament.  The 
fibres  diverge  from  their  origin,  the  lower  ones  descending  bt^neath  the  Infe- 
rior constrictor,  the  middle  fibres  passing  transversely,  and  the  upper  fibres 
ascending  and  overlapping  the  Snperior  constrictor.  The  muscle  is  inserted  into 
the  posterior  median  fibrous  raphe,  blending  in  the  middle  line  with  the  one  of  the 
opposite  side. 

EelatioES. — ^This  muscle  is  separated  from  the  Superior  constrictor  by  the 
gh>sso-pharyngeal  nerve  and  the  Styhi-pharyngeus  muscle*  and  from  the  Inferior 
ctmstrictor  by  the  superior  laryngeal  nerve.  BehimK  it  lies  on  the  vertebral 
column,  the  Longiis  colli,  and  the  Kectus  cajutis  anticiis  major.  On  each  mle  it 
is  in  rehition  with  the  carotid  vessels,  the  ]>haryngeal  plexiis,  and  some  lymphatic 
glands.  Near  its  origin  it  is  covered  by  the  Hy(i-glossu3,  from  which  it  is  separated 
by  the  lingual  vessels.  It  lies  upon  the  Superior  constrictor,  the  Stylo-pharyngeus, 
the  Palato-pharyngeus,  the  fibrous  coat,  and  the  mucous  membrane  of  the 
pharynx. 

The  Superior  Constrictor  is  a  (juadrilateral  muscle,  thinner  and  paler  than  the 
other  constrictors,  and  situated  at  the  upper  part  of  the  pharynx.  It  arises  from 
the  liiwer  third  of  the  [losterior  margin  of  the  internal  pterygoid  plate  and  its 
hauiular  process,  from  the  contiguous  portion  of  the  palate  bone  and  the  retlected 
tendon  of  the  Tensor  jiakti  muscle,  from  the  pterygo-maxillary  ligament,  from  the 
alveolar  process  above  the  posterior  extremity  of  the  mylo-h void  ridge,  and  hy  a 
few  fibres  from  the  side  of  the  tongue.  From  tltesc  points  the  fibres  curve  back- 
ward, to  be  inserted  into  the  median  ra|die.  being  also  prolonged  \\\  means  of  a 
fibrous  aponeurosis  to  the  pharyngeal  s|>ine  \m  the  basilar  process  of  rlie  (icci[Utal 
bone.  The  superior  fibres  arch  beneath  the  Levator  palati  and  the  Eiistacliian 
tub€%  the  interval  between  the  upper  border  of  the  muscle  and  the  basilar  prtjcess 
being  deficient  in  muscular  fibres  and  closed  by  fibrous  membrane.  This  interval 
is  known  as  the  s tints  of  3Iorf/a<pii, 

Relations. — By  its  (n(trrsifrfft^*t\  with  the  vertebral  column,  the  internal  carotid 
artery,  the  internal  jugolar  vein,  the  glosso-pharyngeal,  pneumogastric,  spinal 
accessory,  hypoglossal,  and  sympathetic  nerves,  the  Middle  constrictor,  which 
overlaps  it,  and  the  Stylo-pharyngeus;  by  its  internal  surface,  with  the  Palato- 
pharyngeus,  the  tonsil,  the  fibrous  coat   and  mucous  membrane  of  the  pharynx. 

The  Stylo -pharyngeus  is  a  long,  sleuder  muscle,  round  above,  broad  and  thin 
below.  It  arises  fiom  the  inner  side  <>f  the  base  of  tbo  styloid  process,  passes 
downward  along  the  side  of  the  jjharynx  between  the  Superior  and  Middle 
constrictors,  and  spreads  out  beneath  the  mucous  membrane,  where  some  of  its 
fibres  are  lost  in  the  Constrictor  muscles ;  and  others,  joining  with  the  Palato- 
phuryngeus,  are  inserted  into  the  posterior  border  of  the  thyroid  cartilage.  The 
glosso-pharyngeal  nerve  runs  on  the  outer  side  of  this  muscle,  and  cri)sses  over  it 
in  passing  forward  to  the  tongue. 

Relations. — ExtentaHi/,  with  the  Styhv^rlossus  muscle,  the  j)arotid  gland,  the 
external  carotid  artery,  and  the  Middle  constrictor;  internalli/^  with  the  internal 
carotid,  the  internal  jugular  vein,  the  Superior  constrictor,  Palato-pharyngeus,  and 
mucou^  membrane. 

Nerves. — The  Constrictors  are  supplied  by  branches  from  the  pharyngeal 
plexus,  the  Stylo-[tharyngeus  by  the  glosso-pharyngeal  nerve,  and  the  Inferior 
constrictor  by  an  additii*nal  branch  from  the  external  laryngeal  nerve  and  by  the 
rec  u  r  ren  t  1  a  yy  n  gea  I . 

Actions, — When  deglutition  is  about  to  be  performed,  the  pharynx   is  drawn 
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upward  and  dilated  in  different  directions,  to  receive  the  morsel  propelled  into  it 
from  the  mouth.  The  8tylo-pharyngei,  which  are  much  farther  removed  from 
one  another  at  their  origin  thim  at  their  insertion,  draw  the  sides  of  the  pharynx 
upward  and  outward,  and  so  increase  its  transverse  diameter,  its  hreadth  in  the 
antero-poi^terJor  direction  being  increased  by  the  larynx  and  tongue  being  carried 
forward  in  their  siscent.  As  soon  as  the  morysel  is  received  in  the  pharynx^  the 
Elevator  rauseles  relax,  the  bag  descends,  and  the  Constrictors  contract  upon 
the  morse h  and  convey  it  gradually  downward  into  the  oesophagus*  Besides 
its  action  in  deglutition,  the  pharynx  also  exerts  an  important  influence  in  the 
modulation  of  the  voice,  especially  in  the  production  of  the  higher  tones. 

6.  Palatal  Region. 

Levator  palati,  Palato-glossus. 

Tensor  palati.  Pakto-pharyngeus. 

Azygos  uvuljB.  Salpingo-pharyngeufl* 

Biasection  (Fig.  283). — Lay  open  the  phan^nx  from  liehini!  hy  a  vertiral  incision  cxtendin 
from  its  upper  U\  \Xs  lower  part*  Rtid  partially  aivide  the  iK'cij>ttal  attai-hutent  by  a  transve 
incision  on  eai-li  side  of  the  vertical  on^e  ;  the  posterior  surface  of  the  soil  puliiteis  then  expo» 
Havinif  fixed  the  u\iila  bo  as  to  make  it  lense^  the  mwtnis  aieinbrarie  aatl  glands  should  be  care- 
fully rem  over!  frum  the  pofltertor  surface  of  the  sott  pulutc.  and  the  muscles  of  this  part  are  at 
once  exposed. 

The  Levator  palati  is  a  long,  thick,  rounded  muscle,  placed  on  the  outer  side 
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Fio.  288.— Mutclei  of  the  «oa  palate,  the  phiUTQX  being  laid  opcQ  ttom  behliuL 

of  the  posterior  narea.  It  arises  frora  the  unfler  surfiiee  of  the  apex  of  the  petrous 
portion  <»f  the  temporal  bone,  and  from  the  adjoining  cartilaginons  portion  of  the 
Eustachian  tube;  after  passing  into  the  pharynx,  above  the  upper  concave  margin 
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of  the  Superior  crmstrictor,  it  passes  obliquely  downward  and  inward,  its  fibres 
spreading  out  in  the  soft  |>a!ate  as  far  as  the  middle  line,  where  they  blend  with 
those  of  the  o|>posite  side. 

Relations* — Ej-ternalh/,  with  the  Tensor  palati  and  Superior  constrictor; 
in(enialb/j  with  the  mucous  membrane  of  the  pharynx ;  jjosttiriorli/^  with  the 
posterior  fasciculus  of  the  Palato-pharyngeus,  the  Azygos  uvulge^  and  the  mucous 
lining  of  the  soft  palate. 

The  CircuinfleruB  or  Tensor  palati  is  a  broad,  thin,  ribbon-like  muscle,  placed 
on  theooter  side  of  the  Levator  palati,  und  consisting  of  a  vertical  and  a  horizontal 
portion.  The  vertical  portion  arises  by  a  broad,  thin,  and  Hat  lamella  from  the 
scaphoid  fossa  at  the  base  of  the  internal  pterygoid  plate  ;  from  the  spine  of  the 
sphenoid  ;  the  vaginal  process  of  the  temporal  bone  and  the  anterior  aspect  of 
tht!  cartilaginous  ]*ortion  of  the  Eustachian  tube  :  descending  vertically  between 
the  internal  pterygoid  plate  and  the  inner  surface  of  the  Internal  jiterygoid 
muscle,  it  terminates  in  a  tendon,  which  winds  round  the  hamulur  process,  being 
retained  in  this  situation  by  some  of  rhe  fibres  of  origin  of  the  Internal  pterygoid 
muscle,  and  lubricated  by  a  bursa.  The  tendon  or  horizontal  portion  then  passes 
horizontally  inward,  and  is  inserted  into  a  broad  aponeurosis,  the  palatine 
aponeurosis^  and  into  the  transverse  ridge  on  the  horizontal  portion  of  the  jialate 
bone. 

EelatioQS , — Extern  a  % ,  w^  i  th  t  h  e  In  t  e  r  n  al  p  t  er  y  g<  j  i  d  ;  in  tern  a  lb/,  w  i  th  t  h  e 
Levator  palati,  from  which  it  is  separated  by  the  Superior  constrictor,  and  with 
the  internal  pterygoid  plate.  In  the  s*>ft  palate  its  tendon  anrl  the  palatine 
aponeurosis  is  anterior  to  that  of  the  Levator  palati,  being  covered  by  the  Palat(> 
glossus  and  the  mucous  membrane. 

Fatatlne  AponeuroBis.— Attached  to  the  jiosterior  border  of  the  hard  jialate  is 
a  thin,  hrm,  fibrous  binitjlla  which  supports  the  muscles  and  gives  strength  to  the 
soft  palate.  It  is  thicker  above  than  below,  where  it  becomes  very  thin  and 
difficult  to  define,      Lriterally,  it  is  continuous  with  the  pharyngeal  aponeurosis. 

The  Azygoa  uvulae  is  not  a  single  muscle,  as  would  be  inferred  from  its  name, 
but  a  pair  *if  narrow  cylindrical  fiesby  fasciculi  jdaced  side  by  side  in  the  median 
line  of  the  soft  palate.  Eiicb  muscle  arises  from  the  posterior  nasal  spine  of  the 
fialate  hone  and  from  the  cMUtigiious  tendinous  aponeurosis  of  tbe  soft  palate,  and 
descends  to  be  inserted  into  the  uvula. 

Eelations. — Anteriorh/,  with  the  tendinous  expansion  of  the  Levatores  palati ; 
behind,  with  tbe  posterior  fasciculus  of  the  Pahito-jiharyngeus  and  the  mucous 
membrane. 

The  two  next  muscles  are  exwjsed  liy  r^inoving  the  mucous  membrane  firom  the  pillars  of 
the  soE  palate  tliroughuut  nearly  Uieir  wliule  extent. 

The  Palato-glofisus  (Constrictor  istlimi  faucium)  is  a  small  fleshy  fasciculus, 
narrower  in  the  middle  than  at  either  extreniity^  fonning,  with  the  mucous 
membrane  covering  its  surface,  the  anterior  pillar  of  tbe  soft  palate.  It  arises 
from  tbe  anterior  surface  of  the  soft  piilate  on  each  side  of  the  uvtila,  and,  passing 
downward,  forward,  and  outward  in  front  of  tbe  tonsib  is  inserted  into  the  side 
of  tbe  tongue,  some  of  its  fibres  spreading  over  the  dorsum,  and  others  passing 
deeply  into  the  substance  of  the  organ  to  intermingle  with  tbe  Transversus  lingtia*. 
In  the  soft  palate  the  fibres  of  this  muscle  are  continuous  with  those  of  the  muscle 
of  the  opposite  side. 

The  Palato-pliaryngeus  is  a  long,  fieshy  fascicolus,  narrower  in  the  middle  than 
at  either  extremity,  f<u'ming.  with  the  mucous  membrane  covering  its  surface,  the 
posterior  pillar  of  the  soft  palate.  It  is  8e|iarated  from  tbe  Palato-glossus  by  an 
angular  interval,  in  wbicb  tbe  tonsil  is  bnlged.  It  arises  from  tbe  soft  palate  by 
an  exjianded  fasciculus,  wbicb  is  divided  inUi  two  parts  by  tbe  Levator  palati  and 
Azygos  uvuhe.  ^£he  postrrior  fam*icitittit  lies  in  contact  with  the  mucous  membrane, 
an«I  also  joins  with  the  corresponding  muscle  in  the  middle  line;  the  auterior 
fcuciculus^  the  thicker,  lies  in  the  soft  palate  between  tlie  Levator  and  Tensor,  and 
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joins  in  the  middte  line  the  corresponding  part  of  the  opposite  muscle.  Passing 
outward  aiul  downward  behind  the  tonsih  the  Palato-pharyngeiis  joins  the  Stjlo- 
pharyngeus,  and  is  inserted  with  that  nniHcle  into  the  posterior  bonier  of  the 
thyroid  cartilage,  some  of  its  fibres  being  h>st  on  the  side  of  the  pharynx,  and 
others  passing  across  the  middle  line  pjosteriorly  to  decussate  with  the  muscle  of 
the  opposite  side. 

The  SalpiJigo*pliaTyngeus. — This  muscle  arises  from  the  inferior  part  of  the 
Eustachian  tube  near  its  orifice  ;  it  passes  downward  and  blends  wiih  the  posterior 
fasciculus  of  the  Palatu-pharyngeus. 

Eelations.' — Id  tbe  soft  palate  its  posterior  surface  is  covered  by  mucous 
membrane,  from  wliich  it  is  scfiarated  by  a  layer  of  palatine  glands.  By  its 
anterior  surface  it  is  in  relation  with  tlie  Tensor  palati.  Where  it  forms  the 
posterior  pillar  of  the  tauces  it  is  covered  by  mucous  membrane,  excepting  on  its 
outer  surface.  In  tbe  pharynx  it  lies  between  tbe  mucous  membrane  and  the 
•  Constrictor  muscles. 

In  a  dissection  of  the  soft  palate  from  its  posterior  or  na^al  surface  to  its  anterior 
or  oral  surface,  the  muscles  would  be  exposed  in  the  following  order :  viz»  the 
posterior  fasciculus  of  the  Palato-pbaryngeus,  covered  over  by  the  mucous  membrane 
reflected  from  the  floor  of  the  nasal  fos.ste  ;  the  Azygos  uvuUe  ;  the  Levator  palati ; 
the  anterior  fasciculus  of  the  Palato-pharyngeiis;  the  aponeurosis  of  the  Tensor 
palati,  and  the  Palato-glossus  covered  over  by  a  reflection  from  tbe  oral  mucous 
nietubrane* 

Nerves.— The  Tensor  palati  is  supplied  hy  a  branch  from  tbe  otic  ganglion ; 
the  remaining  muscles  of  this  group  are  in  all  probability  supplied  by  the  internal 
branch  of  the  spinal  accessory,  whose  fibres  are  distributed  along  with  certain 
branches  of  tbe  pneumogastric  through  the  pharyngeal  plexus,* 

Actions. — During  t\w  first  staqe  of  deglutition  the  morsel  of  food  is  driven  back 
into  tbe  fauces  by  the  pressure  of  the  tongne  against  tbe  hard  ]>alate,  the  base  of 
the  tongue  being,  at  the  same  time,  retracted,  and  tbe  larynx  raised  with  the 
pharynx,  and  carried  forward  under  it.  During  the  second  stage  the  e[iigli*ttis  is 
pressed  over  tbe  superior  aperture  of  the  larynx,  and  the  morsel  glides  ]»ast  it; 
theu  the  Palato-glossi  muscles,  the  constrictors  of  the  fauces,  contract  behind  the 
food;  the  soft  palate  is  slightly  raised  by  the  Levator  palati,  and  made  tense  by 
the  Tensor  ]m!ati ;  and  tbe  Palato-pharyngei,  by  their  contraction,  fudl  tbe  jibarynx 
upwanl  over  the  morsel  of  food,  and  at  the  same  time  come  nearly  tngcther,  tbe 
uvula  filling  up  the  slight  interval  between  them.  By  these  means  the  food  is 
prevented  passing  into  the  upper  part  of  the  pharynx  or  the  posterior  nares ;  at 
the  same  time  the  latter  muscles  form  an  inclined  plane,  directed  oblit|uely  down- 
ward an<l  backward,  along  the  under  surface  of  which  the  morsel  descends  into 
the  lower  part  of  the  pharynx.  The  Salj>iugo-pharyngeus  raises  the  upper  and 
lateral  part  of  the  pharynx — i,  e,  that  part  which  is  above  the  point  where  the 
Stylo-pharyngeus  is  attached  to  the  pharynx. 

Surgical  Anatomy. — llie  uiasclcs  of  tbe  soft  palnte  should  be  carefully  dissected,  the  rela- 
tions thc-y  \nii\t  to  the  surrmiadiug  parts  especially  exaniiut'd,  and  their  actiun  attentively  studied 
up^jn  the  dead  subjeil,  jt.s  the  surgeon  isreipiired  to  divide  i>iie  or  more  of  these  muaeles  in  the 
oj:)eratinn  of  sta|>bylomiphy.  Sir  W.  Fcr^iLssun  was  tbe  first  to  show  tbut  in  the  eontienitid 
deficiency  culled  deft  palate  the  ed^res  of  tlie  fissure  are  forcibly  separated  by  tbe  action  of  tbe 
Levatores  palati  and  I*idato-phar>'ngei  nmscles,  (mKlneing  very  considerable  impediment  to  tbe 
healing'  pnx^ess  after  t lie  perioral aiiec  of  tbe  operatittn  for  uniting'  tbctr  margins  by  adhesion  ;  he, 
couseiiuently,  reeommentfed  the  division  of  tliese  innselea  a.s  one  of  the  nioHt  important  steps  iii 
the  o|)enition.  This  he  effected  by  an  incision  made  with  a  curved  knife  introdueed  behind  the 
soft  palate.  The  incision  h  to  lie  halfway  between  the  ham  alar  jinjces."^  and  Enstaehitin  tube, 
and  jierpendieular  to  a  line  drawn  between  thfUj.  This  ineision  perfeetly  aecomplii^bes  the 
division  of  the  Levator  palati.  The  Palato-phar>'nireiis  maybe  divided  by  entting  aeross  the 
posterior  pillar  of  the  soft  palate,  jii:*t  below  the  tonsib  with  a  pair  of  blunt-pointed  cuned 
aciesors;  and  the  anterior  pUlar  may  be  divideil  altw.  To  divide  the  Levat(>r  palati  the  plan 
recouxttjended  by  Mr.  Potloek  is  to  be  greatly  preferred.  The  ^oft  palate  being  put  upon  the 
Btrelch,  a  double-edged  knife  is  passed  through  it  just  on  the  inner  side  of  the  hamular  process 
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and  above  the  line  ctf  tbe  Levator  p;iJati.  The  liamile  being  now  alteniately  raised  and 
depressed,  a  sweenin?  etit  is  made  nhng  the  posterior  ,stirtaee  of  tlie  soil  paluie.  sind  ibe  knife 
withdrawn,  leaving  only  a  sniiill  openinjL':  in  the  inueoiis  membrane  on  tbe  anterior  surface.  If 
this  operation  h  perforiind  om  tbe  dead  IxAy  and  the  parts  afterwiird  dissected,  the  Levator 
pahiti  will  l>e  found  ci»mitletely  divided.  In  tbe  prej^ent  day,  however*  this  division  of  the 
muscles,  as  part  of  the  operation  of  stupbylorrupby.  is  not  m  nmeh  insistcvl  upon.  All  tension 
is  prevented  hy  niakin^r  loti^fitinlinal  incLsiona  on  either  side,  parallel  to  the  eleft  and  just 
internal  t4j  the  hamnlar  proi.'es?>,  in  siieh  a  iwisition  as  to  »void  the  pov^terior  palatirje  art^iy* 

7.  JUiterior  Vertebral  Region. 
Rectus  capitis  anticus  major.  Rectiist  capitis  lateraliB, 


Rectus  capitis  amicus  minor. 


Longus  colli. 


The  Rectus  capitis  anticus  major  (Fig.  284),  broad   and  thick  above,  narrow 
below,  appears  like  a  continuation  upward  of  tte  Scalenus  anticus.     It  arises  by 
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Fio.  284.— The  prevertebml  muBClei. 

four  tendinous  slips  from  the  anterior  tubercles  of  the  transverse  processes  of  the 
third,  fourth,  fifth,  and  sixth  cervical  vertebrae,  and  ascends,  converging  toward 
iti!  fellow  of  the  opposite  side,  to  be  inserted  into  the  basilar  process  of  the  occip- 
ital bone. 

RelatioEB. — By  its  anterwr  surface,  with  the  pharynx,  the  sympathetic  nerve, 
and  the  sheath  eneloaing  the  internal  and  common  carotid  artery,  internal  jugular 
vein,  and  jmeumo^astric  nerve;  by  its  posterior  i<itrfai'*\  with  the  Longus  colli,  the 
Rectus  capitis  anticus  minor,  and  the  upper  cervical  vertebrae. 

The  BectiiB  capitis  anticus  nunor  is  a  short,  flat  tntiscle,  situated  immediately 
behind  the  upper  part  of  the  preceding.  It  arises  from  the  anterior  surface  of  the 
lateral  mass  of  the  atlas  and  from  the  root  of  its  transverse  process,  and,  passing 
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oblic|uely  upward  and  inward,  is  inserted  into  the  basilar  process  immediately 
behind  the  preceding  rauscie. 

Relations, — B  j  i  i s  fi  nterior  s  n  rfwe ,  with  the  R  e  c  t  u  §  capitis  a n  t  i  c  u  s  m  aj  o  r  ;  by 
its  pmterior  surface^  with  the  front  of  the  occipito-atlantal  articulation* 

The  Rectus  capitis  lateralis  is  a  short,  flat  muscle,  which  arises  from  the  upper 
surface  of  the  transverse  process  of  the  atlas,  and  is  inserted  into  the  under  surface 
of  the  juguhir  process  of  the  occipitul  bone. 

Relations. — By  its  imterhyr  snrfai^ey  with  the  internal  jugular  vein  ;  by  ita  jDd«- 
Urlor  surface,  with  the  vertebral  artery.  On  its  mUerside  lies  the  occipital  artery ; 
on  its  hint^r  side,  the  suboccipital  nerve. 

The  Longus  colli  is  a  long,  flat  muscle,  situated  on  the  anterior  surface  of  the 
spine,  between  the  atlas  and  the  third  dorsal  vertebra.  It  is  broad  in  the  middle, 
narrow  and  pointed  at  each  extremity,  and  consists  of  three  portions:  a  superior 
obliiiue,  an  inferior  obli*|ue.  and  a  vertical  portion.  The  superior  ohii^pte  pftrfion 
arises  from  the  anterior  tubercles  of  the  transverse  processes  of  the  third,  fourth, 
and  fifth  cervical  vertebne,  and,  ascending  obliquely  inward,  is  inserted  by  a  nar- 
row tendon  into  the  tubercle  on  the  anterior  arch  of  the  atlas.  The  inferhr 
ohlique  portiotu  the  smallest  part  of  the  muscle,  arises  from  the  front  of  the  bodies 
of  the  first  two  or  three  dorsal  vertebrie,  and,  ascending  obliquely  outward,  is 
inserted  into  the  anterior  tubercles  of  the  transverse  processes  of  the  fifth  and 
sixth  cervical  vertebrie.  The  per tival portion  lies  directly  on  the  front  of  the  spine ; 
it  arises,  below,  from  the  front  of  the  bodies  of  the  upper  three  dorsal  and  lower 
three  cervical  vertebrae,  and  is  inserted  above  into  the  front  of  the  bodies  of  the 
second,  third,  and  fourth  cervical  vertehne  above. 

Relations. — By  its  anterior  »urfaee^  with  the  pharynx,  the  oesophagus,  sympa- 
thetic nerve,  the  sheath  of  the  great  vessels  of  the  neck,  the  inferior  thyroid  artery, 
and  recurrent  laryngeal  nerve  ;  by  its  posterior  surfaee,  with  the  cervical  and  dorsal 
portions  of  the  spine.  Its  timer  border  is  separated  from  the  opposite  muscle  by 
a  considerable  interval  below,  but  they  approach  each  other  above. 


8.  Lateral  Vertebral  Region. 

Scalenus  anticus.  Scalenus  medius. 

Scalenus  posticus. 

The  Scalenus  anticus  is  a  conical-shaped  muscle,  situated  deeply  at  the  side  of 
the  neck,  behind  the  Sterno-mastoid.  It  arises  from  the  anterior  tubercles  of  the 
transverse  processes  of  the  third,  fourth,  fifth,  and  sixth  cervical  vertebra*,  and, 
descending  almost  vertically,  is  inserted  by  a  narrow,  flat  tendon  into  the  impression 
on  the  inner  border  ond  upper  surface  of  the  first  rib.  The  lower  part  of  this 
muscle  separates  the  subclavian  artery  and  vein,  the  latter  being  in  front,  and  the 
former,  with  the  brachial  plexus,  behind. 

Relations. — In  froNl,  with  the  clavicle,  the  Snbclavius,  Sterno-mastoid,  and 
Omo-hyoid  muscles,  the  transversalis  colli,  the  suprascapnlar  and  ascending  cer* 
vical  arteries,  the  subclavian  vein,  and  the  phienic  nerve  ;  by  its  posterior  surface^ 
with  the  Scalenus  medius,  pleura,  the  subclavian  artery,  and  brachial  plexus  of 
nerves.  It  is  separated  from  the  Longus  colli,  on  the  inner  side,  by  the  vertebral 
artery.  On  the  anterior  tubercles  of  the  transverse  processes  of  the  cervical  ver- 
tebne,  between  the  attachments  of  the  Scalenus  anticus  and  Longus  colli,  lies  the 
ascending  cervical  branch  of  the  inferior  thyroid  artery. 

The  Scalenus  medius,  the  largest  and  longest  of  the  three  Scaleni,  arises  from 
the  posterior  tubercles  of  the  transverse  processes  of  the  lower  six  cervical  vertebrae, 
and,  descending  along  the  side  of  the  vertebral  column,  is  inserted  by  a  broad 
attachment  into  the  upper  surface  of  the  first  nb,  behind  tlie  groove  for  the  sub- 
clavian artery,  as  far  back  as  the  tubercle.  It  is  separated  from  the  Scalenus 
anticus  by  a  subclavian  artery  below  and  the  cervical  nerves  above.  The  pos- 
terior thoracic,  or  tierve  of  Bell,  is  formed  in  the  substance  of  the  Scalenus  medius 
and  emerges  from  it. 
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Eelations. — By  its  anterior  mirfaee,  with  the  Sterno-mastoid ;  it  is  crossed  by 
the  clavicle,  the  Omo-hy<ml  muscle,  subclaviiin  artery,  and  the  cervical  nerves.  To 
its  outer  «ide  is  the  Levator  aiiguli  seapiilaD  and  the  Scalenus  posticus  muscle. 

The  Scalenus  posticus,  the  soiallest  of  the  throe  Scaleiii,  arises,  by  two  or  three 
separate  tendous,  tVooi  the  posterior  tubercles  t»f  the  transverse  processes  of  the 
lower  two  or  three  cervical  vertebrn?,  and,  diminishing  as  it  descends,  is  inserted 
by  a  thin  tendon  into  the  outer  surface  of  the  second  rib,  behind  the  attachment  of 
the  Serratus  magnus-  This  is  the  most  deeply  placed  of  the  three  Scaleni^  anrl  is 
occasionally  blended  with  the  Scalenus  meilius. 

Kerves,— The  Rectus  capitis  anticus  major  and  minor  and  the  Rectus  hiteralis 
are  supplied  by  the  first  cervical  nerve,  and  from  the  loop  formed  between  it  and 
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Fni.  28.^.— Muscles  of  tlie  aeek,    fFrom  ft  prcpftrution  in  the  Museum  of  the  RoyBl  College  of  Sorgeocu  of 

the  second  ;  the  Longus  colli  and  Scaleni,  by  branches  from  the  anterior  divisions 
of  the  lower  cervical  nerves  (fifth,  sixth,  seventh,  and  eighth)  bef<u*e  tliey  form  the 
brachial  plexus.  The  Scalenus  mediiis  also  receives  a  filament  from  the  deep 
external   branches  of  the  cervical   |flcxus. 

Actions. — The  Rectus  anticus  mtij^^r  and  minor  are  the  direct  antagonists  of  the 
muscles  at  the  back  of  the  neck,  serving  to  restore  the  head  to  its  natural  position 
after  it  haa  been  drawn  backward.     Tbese  muscles  also  serve  to  fiex  the  head,  and, 
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from  their  oblifjuity,  rotate  it,  so  as  to  turn  tbe  face  to  one  or  the  other  side.  The 
Longus  colli  ilexes  and  slightly  rotates  the  cervical  portion  of  the  spine.  The 
Scalcni  muscles,  when  they  lake  their  fixed  point  from  above,  elevate  the  first  and 
second  rihs,  and  are,  therefore,  inspiratory  muscles.  When  they  take  their  fixed 
point  from  below,  they  bend  tbe  spinal  column  to  one  or  the  other  side.  If  the 
muscles  of  both  sides  act,  lateral  movctnent  it*  prevented,  but  the  spine  is  slightly 
flexed.     The  Rectus  lateralis,  acting  on  one  side,  bends  the  head  laterally. 

Surface  Form. — The  muscles  irj  die  neck,  with  the  exception  of  the  Platy^nia  myoides,  are 
investe<l  by  the  deip  rervieal  hiseiu,  which  stiften.s  down  their  fonn,  and  is  of  eunsicierable 
importance  in  eunneeti<>n  with  deep  cervical  al>s*ie8ses  and  tumors,  mollifying  the  direilion  of 
their  growth  and  causal n^^  them  to  eictend  latenilly  instead  of  toward  the  surface.  The  Plttiymna 
mi/oides  does  not  influence  s^urfaee  Ibrm  except  it  is  in  aeiioi*,  when  it  produces  wrinkling  oi'  the 
»kin  of  the  neck,  which  is  thrown  into  ublique  ridges  parallel  with  the  faaciculi  of  tbe  musele. 
Sometimeii  this  eontraeiion  takes  place  suddenly  and  repeatedly  as  a  S4:»rt  of  spasmodic  twitehing, 
the  result  of  a  nervous  habit.  Tlie  Shntfj-cleido'mtjsfoid  is  the  most  iniportant  muscle  of  the 
neck  as  recards  it8  sudace  form.  If  the  muscle  is  put  into  aetion  by  dniwin^'  tiie  ehin  down- 
Wiird  and  to  the  opjiosile  sbonlder,  its  surfaee  fonn  will  be  plainly  outlined.  The  stenial  ori^^ln 
will  t4tand  out  as  a  sharply-detiued  ridge,  while  the  elavkular  uriiiiri  will  present  a  flatter  and  not 
go  nromiuent  an  outline.  The  fleshy  m  if  Idle  portion  will  appear  as  an  oblique  roll  or  elevation, 
with  a  thick  rounde<i  anterior  binler  gradually  beeoming  le8.H  tnarked  above.  On  the  opposite 
side — /.  *".  on  the  side  to  wbirh  the  bend  is  turned— the  outline  is  lost,  its  place  being  occupied 
b^v  an  obli(|ue  gronve  in  the  integument.  When  tlie  musele  is  at  rest  its  anterior  border  is  still 
vieible,  forming  an  oblique  rounded  ridge^  terminating  Ix^low  in  the  sharp  outline  of  the  sternal 
head.  The  posterior  Iwirder  of  tbe  umsele  does  tiot  sliow  above  the  elavieular  head.  The 
anterior  lumler  is  deflned  by  drawing  a  line  from  the  tip  of  the  mastoid  proee^  to  the  sternu- 
clavicuhir  joint.  It  is  an  imiH:»rtant  surface-marking  in  the  operation  of  ligature  of  tbe  eommon 
carotid  artery  and  some  other  operations,  Betwei^n  the  sternal  and  elavieular  heads  is  a  slight 
depression,  most  marked  when  the  innscle  is  in  aetion.  This  is  hounded  l>elow  by  tbe  |)rominetit 
sternal  extrenuty  of  the  elaviele.  Between  the  stcTnul  origins  of  ihe  two  nuiscles  is  a  V-shaped 
spaei*.  tbe  mtpnTsft^nHtf  notdty  mon:  pronouneed  below,  and  bi^'oming  toned  down  alwjve,  where 
tlu-  Sternohyoid  and  Sterna- thyroid  muscles,  lying  upon  tbe  trachea,  become  more  prominent. 
Above  the  hyoid  honet  in  tlie  middle  line,  the  anterior  tjeily  of  the  Ihr/asfnc  to  a  certain  extent 
influenee^  surlace  form.  It  corresponds  to  a  line  dmwn  from  the  symphysis  of  the  lower  jaw  to 
the  side  of  the  body  of  the  hyoid  Ixme,  and  rentiers  this  part  of  the  byo-niental  region  convex. 
In  the  posterior  triangle  of  the  neek,  the  p^jsterior  Wily  of  the  Omo-ht/oul^  when  inaction,  forma 
a  conspicuous  object,  especially  in  thin  neeks,  presenting  a  cord-like  form  running  aeroSB  this 
region,  almost  paridlel  with,  and  a  little  abovti,  the  clavicle. 

MUSCLES  AND   FASCIA  OF   THE  TRUNK, 

The  muscles  of  the  Trunk  may  be  arranged  in  four  groups  :  the  muscles  of  tbe 
Back,  of  the  Thorax,  of  the  Abdomen,  and  of  the  Perinieum. 


TWB  BACK. 

The  muscles  of  the  Back  are  very  numerous,  and  may  be  subdivided  into  five 
layers. 


First  Layer. 

Trapezius, 
LatissimuB  dorsi. 

Secokd  Layer. 

Levator  augiili  scaptik^. 
Bhomboideus  mitior. 
Bhomboideus  majon 

Third  Layer, 

Serratus  posticus  superior. 
Serratus  posticus  inferior. 
Splenius  capitis. 
Splenrus  colli. 


FoiniTH  Layer. 
Sacral  and  Lumbar  Regi&m. 
Erector  spinse. 

Dor  gal  Regioiu 

Iliocostalis. 

Musculua  accessor! us  ad  ilio-cost-alem. 

Longissinius  dorsi* 
Spinalis  dorsi. 

Cenncal  Region* 

Cervicalis  ascendens. 
Transversalis  colli. 
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Trachelomastoid. 
Complexes. 
Biventer  cervicis* 
Spinalis  colli. 

Fifth  Layer. 

Semispioalis  dorsii. 
Semispinal  is  colli. 
Multifidus  spinae. 


Rotatores  spinas. 

Suprasitinales. 

Interspinales. 

Extensor  coceygis, 

Intert  fans  ver  sales. 

Rectus  capitis  posticus  major. 

Keotus  cajntis  posticus  minor. 

()blii|uas  capitis  superior, 

Obliquus  capitis  inferior. 


Trapezius. 


First  Layer. 

Latissinius  dorsL 


/ 


Dissection  (Ym,   2K6). — Place   the  body   in   a  prone   position,  with  tlie  nrms  extended 
over  the  sides  ot  the  Lab!e,  and  the  chest  and  abdonten  supported  by  several  blocks,  so  as 

to  render  the  mni*c'les  tense.  Then  make  an  incision 
along  the  middle  litie  of  the  back  fn^m  the  oi-eipital 
protiihemnce  to  tlie  foceyx.  Make  a  transverse  incision 
YTom  the  npper  end  of  this  to  the  mastoid  pmcess,  ami 
a  third  incision  fnjm  its  lower  end,  along  the  crest  of 
the  ilium  to  aboiu  its  middle.  This  lar^e  inter\'eninj^ 
space  shoidd.  for  c<.>nveniencc  of  dissection,  be  sub- 
divided  by  u  fourth  incision,  extending  obliquely  fmrn 
the  spinous  process  of  the  la^^t  (lorsid  vertebra.  ni>wanl 
an<l  ootwarfl,  to  the  acromion  process.  This  incision 
/  ^s_  corresponds  with    the   lowtr  border  of  the  Tnipezius 

muR*le.  The  Haps  of  intejcnmcnt  are  then  to  oe  re- 
moved in  the  direction  sfiown  in  the  figure, 

\        /  ''  The  Bnperficial  fascia  is  exposed  upon  re- 

moving the  skin  from  the  back.  It  forms  a 
layer  of  considerable  thickness  and  strength, 
in  which  a  (juantity  of  graniilar  pinkish  fat  is 
contained.  It  is  continuous  with  the  super- 
ficial fa.^cia  in  other  parts  of  the  body.  Tlie 
deep  fascia  is  a  dense  fibrous  layer  attached  to 
the  occipital  bone,  the  spines  of  the  vertebrae, 
the  crest  of  the  ilium,  and  the  spine  of  the 
scapula.  It  covers  over  the  sujjcrficial  muscles, 
foi^ming  sheaths  for  them,  and  is  eoniinuous, 
in  the  neck  at  the  anterior  border  of  the  Tra- 
pezius, with  the  deep  cervical  fascia;  on  the 
thorax,  with  the  deep  fascia  of  the  axilla  and 
chest,  and  on  the  abdomen  with  the  fascia 
covering  the  abdominal  muscles. 

The  Trapezius  (rig.  287)  is  a  broad,  flat, 
triangular  muscle,  placed  immediately  be- 
neath the  skin  and  fascia,  and  covering  the  tipper  an^i  back  part  of  the  neck  and 
shoulders.  It  arises  from  the  inner  third  cd'  the  su))erior  curved  line  of  the  occipital 
bone;  from  the  ligatneutum  nuchje,  the  spinous  process  of  the  seventh  cervical, 
and  those  of  all  the  dorsal  vertebne;  and  fr^ra  the  corresponding  portion  of  the 
supraspinous  ligament,  Fi^om  this  origin  the  superior  fibres  proceed  downward 
and  otitward,  the  inferior  ones  upward  and  outward,  and  the  middle  fibres 
horizontally,  and  are  insertetl,  the  superior  ones  into  the  outer  third  of  the 
posterior  border  of  the  clavicle;  the  middle  fibres  into  the  inner  margin  of  the 
acromion  process,  and  into  the  superior  lip  of  the  posterior  border  or  crest  of  the 
S[iine  of  the  scapula :  the  inferior  fibres  converge  near  the  scapula,  and  terminate 
in  a  triangular  aprnieiirosis.  which  glides  over  a  smooth  surface  at  the  inner  extremity 
of  the  spine,  to  be  inserted  into  a  tubercle  at  the  outer  jiart  of  this  smooth  surface* 
The  Trapezius  is  fleshy  in  the  greater  part  of  its  extent,  but  tendinous  at  its  origin 


Fio,  286,— DlMectlon  of  the  muscles  of  the 
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of  aponeuroses.  At  its  origin  from  the  spines  of  the  vertebrae  it  is  connected  to 
the  bones  bj  means  of  a  broad  semi-elliptieal  aponeurosis,  which  occupies  the 
space  between  the  sixth  cervieiil  and  the  third  dorsal   vertebne,  and  forms»  with 

kthe  aponeurosis  of  the  opposite  nuisiele,  a  tendinous  ellipse*  The  rest  of  the  muscle 
irises  by  numerous  short  tendinous  fibres.  If  the  Trapezius  is  dissected  on  both 
sides,  the  two  muscles  resemble  a  tra[»eziura  or  diamond-shaped  ijuaclrioifrle;  two 
angles  corresponding  to  the  shoulders;  a  third  to  the  occipital  protuberance; 
and  the  fourth  to  the  spinous  process  of  the  last  dorsal  vertebra. 

The  clavicular  insertion  of  this  muscle  varies  as  to  the  extent  of  its  attach- 
ment ;  it  sometimes  advances  as  far  as  the  middle  of  the  chivicle.  and  may  even 
become  blended  with  the  ]>osterior  edge  of  the  Sterno-mastoid  or  overlap  it.  This 
should  be  borne  in  mind  in  the  operation  for  tying  the  third  part  of  the  subclavian 
artery. 

Eelations. — By  its  miperfieiai  mirfaci\  with  the  integument;  by  its  deep 
surfiJir,  m  the  neck,  with  the  Cooi[ilexus,  Splenius,  Levator  anguli  sca]>ulie,  and 
Rhomboideus  minor ;  in  the  hack,  with  the  Rbomboideus  major,  Supraspinatus, 
Infraspinatus,  and  Vertebral  aponeurosis  (which  separates  it  from  the  prolongations 
of  the  Erector  spinje),  and  the  Latissimus  dorsi.  The  spinal  accessory  nerve  and 
the  superficial  cervical  artery  psiss  beneath  the  anterior  border  of  this  muscle, 
near  the  clavicle.  The  anterior  margin  of  its  cervical  portion  forms  the  posterior 
boundary  of  the  posterior  triangle  of  the  neck,  the  other  boundaries  being  the  Sterno- 
mastoid  in  frtmt  and  the  clavicle  below. 

The  Ligamentum  nneliee  (Fig,  287)  is  a  thin  band  of  condensed  cellulo-fibrous 
membrane  jdaced  in  the  line  of  union  between  the  two  Trapezii  in  the  neck.  It 
extends  from  the  external   occipital  protuberance  to  the  spinous  process  of  the 

rseventh  cervical  vertebra,  where  it  is  continuous  with  the  supraspinous  ligament. 
?rom  its  anterior  surface  a  fibrous  lamina  is  given  off,  which  is  attached   to   the 

'spinous  process  of  each  of  the  cervical  vertebne,  excepting  the  atlas,  so  as  to  form 
a  septum  between  the  muscles  on  each  side  of  the  neck.  In  man  it  is  merely  the 
rudiment  of  an  important  elastic  ligament  which,  in  some  of  the  lower  animals, 
serves  to  sustain   the  weight  of  the  head. 

The  liatissimiis  dorsi  is  a  broad  flat  muscle  which  covers  the  lumbar  and 
the  lower  half  of  the  dorsal  regions,  and  is  gradually  contracted  into  a  narrow 
fasciculus  at  its  insertion  into  the  humerus.  It  arises  by  an  aponeurosis  from  the 
spinous  processes  of  the  six  inferior  dorsal,  from  those  of  the  lumbar  and  sacral 
vertebra?,  and  from  the  supras|>inous  ligament.  Over  the  sacrum  the  aponeuntsis 
of  this  muscle  blends  with  the  posterior  layer  of  the  lumbar  fascia.  It  nlsoari.ses 
from  the  external  lijv  of  the  crest  of  the  ilium,  behind  the  origin  of  the  External 
oblique,  and  by  fleshy  digitations  from  the  three  or  four  lower  ribs,  which  are 
interposcil  between  similar  processes  of  the  External  oblique  muscle  (Fig.  292, 
page  449),  From  this  extensive  origin  the  fibres  pass  in  different  directions,  the 
upjver  ones  hrjrizontally,  the  middle  obliquely  upward,  and  ihe  bjwer  vertically 
upward,  so  as  to  converge  and  form  a  thick  fasciculus,  which  crosses  the  inferior 
angle  of  the  scapula,  and  occasionally  receives  a  few  fibres  from  it.  The  muscle 
then  curves  around  the  lower  border  of  the  Teres  major,  and  is  twisted  upon  itself, 
so  that  the  superior  fibres  become  at  first  posterii>r  and  then  inferior,  and  the 
vertical  fibres  at  first  anterior  and  then  superior.  It  then  terminates  in  a  sluu't 
quadrilateral  tendon,  ahout  three  inches  in  length,  which,  passing  in  front  of  the 
tendon  of  the  Teres  major,  is  inserted  int<*  the  bottom  of  the  bicipital  gi*oove  of 
the  humerus,  its  insertion  extending  higher  on  the  humerus  than  that  of  the 
tendon  of  the  IV^ctoralis  major.  The  lower  border  of  the  tendon  of  this  muscle  is 
united  with  that  nf  the  Teres  major,  the  surfaces  ttf  the  two  being  se|>aratcd  by  a 
bursa;  another  bursa  is  sometimijs  interposed  between  the  muscle  and  the  inferior 
angle  of  the  scapula.  This  muscle  at  its  insertion  gives  off  an  expansion  to  the 
deep  fascia  of  the  arm. 

A  muscular  slip,  vanirig  from  3  to  4  inches  in  length,  and  from  |  to  J  of  an  inch  in  breadth, 
occasioDally  arises  from  the  upper  edge  of  thu  fjiitissiinus  dorsi  about  the  middle  of  the  posterior 


1 


OF   THE  BACK. 


431 


fold  of  tbe  axilla,  and  craeMift  flie  axilla  iu  front  t>f  the  axillary'  vessels  and  nen^es.  to  join  the 
iinder  surfiice  of  the  tendon  of  the  Fet^toralis  niajtjr,  the  Comeo -brachial is,  or  the  fascia  over  the 
Bleeps.  The  position  of  this  al>norii»al  slip  is  a  (mint  of  interest  in  its  relation  to  the  axillary 
arterv'i  ^  it  erosse.**  the  vessel  just  aVx»ve  (he  8fM>t  usually  selected  for  the  application  of  a  lijtjature, 
and  may  mislead  the  surgeon  during  the  operation.  It  may  be  ea.sily  recognized  by  the  transverse 
direction  of  its  tihre.s.  l*r  Struther  tiauuf  \u  in  ^  o«t  of  Hif^  subjects,  occurring  seven  times  on 
both  sides. 

Relations.— 1 18  miperfirwl  mtrface  is  siibcii  tan  eons,  excepting  at  \i%  np|>er  part, 
where  it  is  covered  by  the  Trajicssiiis,  and  at  its  insertion,  where  its  tendon  18 
crofl^d  by  the  axillary  vessels  and  the  brachial  plexus  of  nerves.  By  its  xieep 
surface  it  is  in  relation  with  the  Liinibar  fascia,  the  Serratus  posticus  inferior,  the 
lower  external  intercostal  mnscles  and  ribs,  inferior  angle  of  the  scapula,  Rhom- 
boideus  major,  Infraspinatus,  and  Teres  major.  Its  outer  margin  is  separated 
below  from  the  External  oblifjue  by  a  small  triangular  interval;  and  another 
triangular  interval  exists  between  its  upper  border  and  the  margin  of  the  Trapezius* 
in  which  tlie  Rbomboideus  major  muscle  is  exposed, 

Nerves. — The  Trapezius  is  supplied  by  the  spinal  accessory,  and  by  branches 
from  the  anterior  divisions  of  the  third  and  fourth  cervical  nerves:  the  Latissimus 
dorsi,  by  the  miildle  or  long  subscapular  nerve. 


Second  Layer. 

Levator  anguli  scapuh^.  Rbomboideus  minor, 

Rhomboideus  major. 

J  Dissection. — Tlie  Traywzius  most  be  reniovedT  in  onler  to  espose  the  next  layer;  to  effect 
A,  detach  the  muscle  from  its  attaehnieut  to  the  clavicle  and  spine  of  the  scapula,  and  turn 
it  back  toward  the  spine. 

The  Levator  anguli  scapulae  i.s  situated  at  the  bark  part  and  side  of  the  neck. 
It  arises  by  tendinous  slips  from  the  posterior  tuhereles  of  the  transverse  processes 
of  the  four  upper  cervical  vertebne ;  these,  becoming  fleshy,  are  united  so  as  to 
form  a  flat  mnacle^  which,  passing  downward  and  backward,  is  inserted  into  the 
posterior  border  of  the  scapula,  between  the  superior  angle  and  the  triangular 
smooth  surface  at  the  root  of  the  spine. 

Eelations.^ — ^By  its  superjictal  gurfaee,  with  the  integument.  Trapezius,  and 
Sterno-mastoid ;  by  its  thep  mirfat'e^  with  the  Sjdenius  colli,  Transversalis  colli, 
Cervicalis  ascendens,  and  Serratus  posticus  superior  muscles,  and  with  the  trans- 
versal is  colli  and  posterior  scapular  arteries. 

The  Rlioinboidens  minor  arises  fntm  the  ligamentnm  nuchae  and  spinous 
processes  of  the  seventh  cervical  and  first  dorsal  vertebra}.  Passing  downward 
and  outward,  it  is  inserted  into  the  margin  of  the  triangular  smooth  surface  at  the 
root  of  the  spine  of  the  sca)>ula.  This  small  muscle  is  usually  separated  from  the 
Rhomboideus  major  by  a  slight  cellular  interval. 

Relations. — By  its  superficial  (poB(erior)  ^wr/rfc^,  with  the  Trapezius ;  by  its 
deep  surf  are,  with  the  same  structures  as  the  Rhomboidetis  major. 

The  RhomboideuB  major  is  situated  immediately  below  the  preceding,  the 
adjacent  margins  of  the  two  being  occasionally  united.  It  arises  by  tendinous 
fibres  from  the  spinous  processes  of  the  fcmr  or  five  upper  dorsal  vertebrie  and  the 
suprasjiinous  ligament,  and  is  inserted  into  a  narrow  tendinous  arch  attached 
above  to  the  lower  part  of  the  triangular  surface  at  the  root  of  the  spine;  below, 
to  the  inferior  angle,  the  arch  being  connected  to  the  border  of  the  scapula  by  a 
thin  membrane.  When  the  arch  extends,  as  it  occasionally  does,  but  a  short 
distance,   the  muscular  fibres  are  inserted  into  the  scapula  itself. 

Relations. — ^By  its  superfirial  (poBterior)  ^tirfaee,  with  the  Latissimus  dorsi ;  by 
its  deep  (anferior)  sHrfai*t\  with  the  Serratus  posticus  superior,  posterior  scajudar 
artery,  the  vertebral  aponeurosis  which  separates  it  from  the  prolongations  from 
the  Erector  spina%  the  Intercostal  muscles,  and  ribs. 

Nerves. — ^The  Rhomboid  muscles  are  supjdied  by  branches  from  the  anterior 
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division  of  the  fifth  cervicol  nerve ;  the  Levator  anguli  scapula,  by  the  anterior 
divisiun  of  the  third  and  fourth  cervical  nerves. 

Actions* — The  movoments  effected  by  the  preceding  muscles  are  numerous,  aa 
may  he  conceived  from  their  extensive  attachment.  The  whole  of  the  Trapezius 
when  in  action  retracts  the  scapula  and  rotates  it  on  a  sagittal  axis  ;  if  the  head  is 
fixed,  the  upper  part  of  the  TnipeziuH  will  elevate  the  point  of  the  shoulder,  as  in 
supporting  weights ;  when  the  lower  fibres  are  brought  into  action,  they  assist  in 
depressing  the  hone»  If  the  scapula  is  prevented  from  gliding  on  the  chest,  the 
middle  and  hnver  fibres  of  the  muscle  cause  it  to  rotate,  so  that  the  acromion  is 
raised.  If  the  shoulders  are  fixed,  both  Trapezii,  acting  together,  will  dmw  the 
head  directly  backward ;  or  if  only  one  acts,  the  head  is  drawn  to  the  corresponding 
side. 

The  Latissimiis  dorsiy  when  it  acts  upon  the  humerus,  draws  it  backward^ 
addiicts,  and  at  the  same  time  rotates  if  inward.  It  is  the  muscle  which  is 
principally  employed  in  giving  a  downward  blow,  as  in  felling  a  tree  or  in  sabre 
practice.  If  the  aim  is  fixed,  the  muscle  may  act  in  various  ways  upon  the  trunk; 
thus,  it  may  raise  the  lower  ribs  and  ussist  in  forcible  inspiration  ;  or,  if  both  arms 
are  fixed,  the  two  muscles  may  assist  the  Abdominal  and  great  Pectoral  muscles  in 
suspending  and  drawing  the  whole  trunk  forward,  as  in  climbing  or  walking  on 
crutches. 

The  Lt'Pator  a)i<ftdf  ^fapula'  raises  the  su]>erior  angle  of  the  scapula,  assisting 
the  TrKjiezius  in  bearing  w^eights  or  in  shrugging  the  shoulders.  If  the  shoulder 
be  fixed,  the  Levator  anguli  scafuikB  inclines  the  neck  to  the  corresponding  side 
and  rotates  it  in  the  same  direction.  The  Rhomboid  muscles  carry  the  inferior 
angle  backward  and  upward,  thus  producing  a  slight  rotation  of  the  scapula  upon 
the  side  of  the  chest,  the  Rhomboideus  major  acting  especially  on  the  lower  angle 
of  the  scapnla  through  the  tendinous  areli  by  which  it  is  inserted.  The  Rhomboid 
muscles,  acting  together  with  the  middle  and  inferior  fibres  of  the  Trapezius,  will 
draw  the  scapula  directly  backward  toward  the  spine. 

Third  Layer. 

Serratus  posticus  superior.  Serratus  posticus  inferior. 

o   1     ■       f  Splenius  canitis. 
Splemua{  q^^,     .         {,, 
*  \  hplenius  colli, 

DlBBection, — ^To  bring  into  view  the  third  layer  of  muscles,  remove  the  whole  of  the  second, 
together  with  the  Lutissiiuus  dorsi,  by  cuttiug  through  the  Levator  angiili  scupulas  and  Rhom- 
boid museles  uear  their  iusertion,  and  reflecting'  theui  upward^  and  by  dividing  the  Latlsainiu** 
dorsi  in  the  middle  bv  a  vertical  incision  carried  fn>ni  its  upper  to  its  lower  part,  and  reflecting 
the  two  halves  of  the  muscle. 

The  Serratus  posticus  superior  is  a  thin,  flat,  quadrilateral  muscle  situated  at 
the  up|)er  and  back  pjirt  of  the  thorax.  It  arises  by  a  thin  and  broad  aponeurosis 
from  the  ligamentura  nuclui^,  and  from  the  spinous  processes  of  the  last  cervical 
and  two  or  three  upper  dorsa!  vertebrte  and  from  the  supraspinous  ligament. 
Inclining  downward  and  outward,  it  becomes  muscular,  and  is  inserted,  by  four 
fleshy  digitations  into  the  upper  borders  of  the  second,  third,  fourth,  and  fifth  ribs, 
a  little  beyond  their  angles. 

Relations, ^ — By  its  sifpi^rjirial  i^urfact^  with  the  Trapezius,  Rhomboidei,  and 
Levator  anguli  scapulae;  by  its  deep  tturfaee,  with  the  Splenius  and  the  vertebral 
aponeurosis,  which  sej»arates  it  from  the  prolongaticms  of  the  Erector  spinse, 
and  with   the  Intercostal  muscles  and  ribs. 

The  Serratus  posticus  inferior  is  situated  at  the  junction  of  the  dorsal  and  lumbar 
regions;  it  is  of  an  irregularly  quadrilateral  form,  broader  than  the  preceding, 
and  sei)arated  from  it  by  a  considerable  interval.  It  arises  by  a  thin  a]>oneurosis 
from  the  spinous  processes  *d'  the  last  tw<»  dorsal  and  two  or  three  up]>er  lumbar 
vertebrte,  and  from  the  supj-a.spinous  ligaments.  Passing  obliquely  upward 
and  outward,  it  becomes  fleshy,  and  divides  into  four  flat  digitations,  which  are 
inserted  into  the  lower  borders  of  the  four  lower  ribs,  a  little  beyond  their  angles. 
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The  thin  aponeurosis  of  origin  is  intimately  blended  with  the  tendon  of  origin  of 
the  Lfiti.ssinms  dor^i  muscle  and  with  the  lumbar  fascia  {po»ierior  hit/er). 

Relations. — By  it^  superfivitd  nurPwe,  with  the  Latissimus  dorsi,  with  the 
apotieurosis  of  which  its  own  aponeurotic  origin  is  inseparably  blended ;  by  its 
deep  sHrfHt'ey  the  Erector  spintie,  ribs,  and  Intercostal  muscles,  It«  upper  margin 
is  continuous  with  the  vertebral  aponeurosis. 

The  Verh*hra!  aponeurtmiH  is  a  thin,  fibrous  lamina  extending  along  the  whole 
length  of  the  back  part  of  the  thoracic  region,  serving  to  bind  down  the  long 
extensor  muscles  of  the  back  which  support  the  spine  and  ticad,  and  separate 
them  from  those  muscles  xvbich  connect  the  spine  to  the  upjicr  extremity.  It  con- 
sists of  longitudinal  and  transverse  fibres  blended  together,  forming  a  thin  lamella, 
which  is  attached  in  the  median  line  to  the  spinous  processes  of  the  dorsal  vertebrae; 
externally,  to  the  angles  of  the  ribs ;  and  below,  to  the  aponeurosis  of  the  Serratus 
posticus  inferior  and  tendon  of  origin  of  the  Lutissimus  dorsi,  with  both  of  which 
it  is  continuous  ;  above,  it  passes  beneath  the  t^erratus  posticus  superior,  and 
blends  with  the  deep  fascia  of  the  neck. 

The  Lumbar  f me ia  (Figs,  287  and  295)  occupies  the  interval  between  the  last 
rib  and  crest  of  the  ilium.  It  is  attached  internally  to  the  spinous  process  of  the 
lumbar  and  sacral  vertebrt^ ;  al>ove,  to  tlie  last  rib  and  to  the  cartilage  of  the 
eleventh  rib  :  below,  to  the  posterior  third  of  the  crest  of  the  ilium.  The  posterior 
layer  of  this  fascia  blends  with,  and  is  jiraetically  the  same  thing  as,  the  apiineu- 
rosis  of  the  Ijatissimus  dorsi  and  Serratus  posticus  inferior.  It  gives  attachment 
to  the  Internal  obliiiue  muscle  of  the  abdomen.  The  anterior  or  deep  surface 
gives  off  two  layers  :  one  lies  between  the  Erector  spinic  and  Quadratus  lumborum, 
and  is  attached  to  the  tips  of  the  transverse  processes  of  the  lumbar  vertebrae 
(pffgterior  apfitteifrosift  of  the  Transversalis  muscle) ;  the  other  lies  on  the  anterior 
or  internal  surface  of  the  Quadratus  lumborum,  and  is  attached  to  the  front  part 
of  the  same  transverse  processes  {transversaUg  fascia)*  The  upper  portion  of  this 
liiyvr,  which  extends  from  the  transverse  process  of  the  first  ltiml>ar  vertebra  to 
the  apex  and  lower  border  of  the  last  rib,  constitutes  the  ligamentum  arcuatum 
externum.  Therefore  these  three  layers  of  the  lumbar  fascia  form  two  spaces : 
between  the  posterior  and  middle  layer  is  situated  the  Erector  spinte  and  the 
Multifidiis  spinje  ;  between  the  middle  and  anterior  layers  is  situated  the  Quad- 
ratus lumborum. 

Now  detach  the  Serratus  posticus  superior  from  itt^  origin,  and  turn  it  outward ^  when  the 
Splenius  muscle  will  be  brought  into  view. 

The  Splettius  is  situated  at  the  hack  of  the  neck  and  upper  part  of  the  dorsal 
region.  At  its  origin  it  is  a  single  muscle,  narrow,  and  pointed  in  form  ;  but  it 
soon  becomes  broader,  and  divides  into  two  portions,  which  have  separate  inser- 
tions. It  arises,  by  tendinous  fibres,  from  the  lower  half  of  the  ligamentnm  ntichse, 
from  the  sjunous  processes  of  the  last  cervical  and  of  the  six  ripper  dorsal  vertebrae, 
and  from  ihe  siipras[iinous  ligament.  From  this  nrigiii  the  fleshy  fibres  proceed 
oblii|uely  upward  and  outward,  forming  a  broad  tiat  muscle,  which  divides  as  it 
ascends  into  two  jK>rtions,  the  Splenius  capitis  and  Splenius  colli. 

The  Splenius  capitis  is  inserted  into  the  mastoid  process  of  the  temporal  bone, 
id  into  the  rough  surface  on  the  occipital  bone  just  beneath  the  superior  curved 
ine. 

The  Splenius  coUi  is  inserted,  by  tendinous  fasciculi,  into  the  posterior  tubercles 
of  the  transverse  processes  of  the  two  ov  tliree  upper  cervical  vertebne. 

The  Splenitis  is  separated  frum  its  fellow  of  the  opposite  side  by  a  triangular 
interval,  in  wliich  is  seen  the  Complex ns. 

Relations. — By  its  suj>erfiei%t!  nurfaee,  with  the  Tra]>ezius,  from  which  it  is 
separated  hflow  by  the  Hhomboidei  and  the  Serratus  posticus  superior.  It  is 
covered  at  its  insertion  by  the  Slerno-mastoid,  and  at  the  lower  and  back  part  of 
the  neck  by  the  Levator  angiili  scajHihe ;  by  its  deep  mirfaee,  with  the  Spinalis 
dorsi,  Lrmgissimiis  dorsi,  Semispinalis  colli,  Com  plexus,  Trachelo-maatoid,  and 
Transversalis  colli. 
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Nerves*^ — The  S  pi  en  i  us  is  supplied  from  the  external  branches  of  the  posterior 
^divisions  of  the  cerviciil  nerves ;  the  Serratiis  posticus  superior  is  supplied  by  the 
fxteruai  branches  of  the  posterior  divisions  of  the  upper  dorsal  nerveg;  the  Serratiis 

ticus  inferior  by  the  external  branches  of  the  posterior  divisions  of  the  lower 
oreal  nerves. 

Actions* — The  Serrati  are  respiratory  muscles.  The  Serratus  posticus  supe- 
rior elevates  the  ribs;  it  is  therefore  an  inspiratory  muscle ;  while  the  Serratus 
inferior  draws  the  lower  ribs  downward  and  back  ward,  and  thus  elongates  the 
thorax.  It  also  fixes  the  lower  ribs,  thus  aiding  the  downward  action  of  the 
diaphragm  and  resisting  the  tendency  which  it  has  tn  draw  the  lower  ribs  upward 
and  forward.  It  must  therefore  be  regarded  as  a  muscle  of  inspiration.  This  muscle 
is  also  probably  a  tensor  of  the  vertebral  aponeurosis.  The  iSjdenii  muscles  *>f  the 
two  sides,  acting  together,  draw  the  head  directly  backward,  assisting  the  Trapezius 
and  Gomplexus ;  acting  separately,  they  draw  the  head  to  one  or  the  other  side,  and 
slightly  rotate  it,  turning  the  face  to  the  same  side.  They  also  assist  in  supporting 
the  head  in  the  erect  position. 


Fourth  Layer. 

Saeml  and  Lumbar  Regions* 
Erector  spinse. 

Dorsal  Region, 
Ilio-eostalis» 

Museulus  accessorius  ad  ilio-costalem. 
Longissimus  dorai. 
Spinalis  dorsi. 


Cervical  Region. 
Cervical  is  ascendens. 
Transversa  lis  eolli. 
Trache!o*masti>id. 
Com  plexus. 
Bi venter  cervicis. 
Spinalis  colli. 


Dissection. — ^To  expose  the  muscles  of  the  fourth  layer^  remove  entirely  the  Serrati  and  the 
vertcliritl  arni  Imiibar  fasci*-  Then  detach  the  8p!eiuu8  by  separating  its  attachment  to  the 
spinniis  j>rofes8es  and  reflei'tiiig  it  outwatii. 

The  Erector  spinsB  (Fig.  288)  and  its  probmgations  in  the  dorsal  and  cervical 
regions  fill  up  the  vertebral  groove  on  each  side  of  the  spine.  It  is  covered  in 
the  lumbar  region  by  the  lumbar  fascia;  in  the  dorsal  region,  by  the  Serrati 
muscles  and  the  vertebral  aponeurosis ;  and  in  the  cervical  region,  by  a  layer  of 
cervical  fascia  continued  beneath  the  Trapezius  and  the  Splenius.  This  large 
muscular  and  tendinous  mass  varies  in  siste  and  structure  at  different  parts  of  the 
spine.  In  the  sacral  region  the  Erector  spinie  is  narrow  and  pointed,  and  its  origin 
chiefly  tendinous  in  structure.  In  the  lumbar  region  the  muscle  becomes  enlarged, 
and  forms  a  large  fleshy  mass.  In  the  dorsal  region  it  subdivides  into  twi*  parts, 
which  gradually  diminish  in  size  as  they  ascend  to  be  inserted  into  the  vertebrse 
and  ribs.  In  the  cervical  region  it  is  gradually  lost,  whet'e  a  number  of  small  muscles 
are  continued  upward  to  the  head  to  support  it  upon  the  spine. 

The  Erector  spinas  arises  from  the  sacro-iliac  groove,  and  from  the  anterior 
surface  of  a  very  broad  and  thick  tendon,  which  is  attacht^d,  internally,  to  the 
spines  of  the  sacrum*  to  the  spinous  jirocesses  of  the  lundiar  vertebra^,  and  the 
snpraspinous  ligament;  externally,  to  the  back  part  of  the  inner  lip  of  the  crest  of 
the  ilium^  and  to  the  series  of  eminences  on  the  posterior  part  of  the  sacrum, 
which  represents  the  transverse  processes,  where  it  blends  with  the  great  sacro- 
sciatic  ligament*  The  muscular  fibres  form  a  single  large  fleshy  mass,  boundeil  in 
front  by  the  transverse  processes  of  the  lumbar  vertebne  and  by  the  middle  lamella 
of  the  lumbar  fascia.  Opjiosite  the  last  rib  it  divides  into  two  parts,  the  Ilio- 
costalis  and  the  Longissimus  dorsi. 

The  nio-costaliB  (Sa^^ro-himbaUH),  the  external  and  smaller  portion  of  the 
Erector  spin^e,  is  inserted,  generally,  by  six  or  seven  flattened  tendons  into  the 
angles  of  the  six  or  seven  lower  ribs.  The  number  of  the  tendons  of  this  muscle 
is,  nowever,  very  varialde,  and  therefore  the  number  of  ribs  into  which  it  is 
inserted.  Fre^piently  it  is  found  to  possess  nine  or  ten  tendons,  and  sometimes  as 
many  tendons  as  there  are  ribs,  and  is  then  inserted  into  the  angles  of  all  the  riba, 


L 


J 


If  this  muacle  is  reflected  outward,  it  will  he  seen  to  be  reinforced  by  a  series  of 
muscular  slips  which  arise  from  tbe  angles  of  the  ribs;  by  means  of  these  the  Ilio- 
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costalis  is  continued  upward  to  tlie  upper  ribs  iind  cervical  portion  of  the  spine. 
The  accessory  portions  form  two  udditional  niuaclea,  the  Musculus  accessorius  and 
the  Cervical  is  ascendent. 

The  Muscnlus  accessorius  ad  ilio-costalem  arises,  by  separate  flattened  tendons, 
from  the  angles  of  the  six  hjwer  ribs;  these  become  muscular,  and  are  finally 
inserted,  by  separate  tendons,  into  the  angles  of  the  six  upper  ribs. 

The  Ceryicalis  ascendens'  is  the  continuation  of  the  Accessorius  upward  into 
the  neck  :  it  is  situated  on  the  inner  side  of  the  tendons  of  the  Accessorius,  arising 
from  the  angles  of  the  four  or  five  upper  ribs»  and  is  inserted  by  a  series  of  slender 
tendons  into  the  posterior  tubercles  of  the  transverse  processes  of  the  fourth,  fifth, 
and  sixth  cervical  vertebrae. 

The  LoQgissimus  dorsi  is  the  inner  and  larger  portion  of  the  Erector  spinse. 
In  the  hunbar  region,  wliere  it  is  as  yet  blended  with  the  Ilio-costalis,  some  of  the 
fibres  are  attached  to  the  whole  length  of  the.  posterior  surface  of  the  transverse 
processes  of  the  lumbar  vertebrie,  to  the  tubercles  at  the  back  of  the  artictdar 
processes,  and  to  the  middle  layer  of  the  lumbar  fascia.  In  the  dorsal  region  the 
Longissinius  dorsi  is  inserted,  by  long  thin  tendons,  into  the  tips  of  the  transverse 
processes  of  all  the  dorsal  vertebrie,  anfl  into  from  seven  to  eleven  of  the  lower 
ribs  between  their  tubercles  and  angles.  This  muscle  is  continued  upward.  tr>  the 
cranium  and  cervical  portion  of  the  spine  by  means  of  two  additional  muscles,  the 
Transversal  is  cnlli  and  Tracbelo-mastoid, 

The  Transversaiis  colli  (or  cervicis),  placed  on  the  inner  side  of  the  Longis- 
simus  dorsi,  arises  by  long  thin  tendons  from  the  summits  of  the  transverse  pro- 
cesses of  tlie  six  upper  dorsal  vertebne,  and  is  inserted  by  similar  tendons  into 
the  posterior  tubercles  of  the  transverse  processes  of  the  cervical  vertebne  from 
the  second  to  the  sixth. 

The  Trachelo-mastoid  lies  on  the  intier  side  of  the  preceding,  between  it  and  the 
Complexus  muscle.  It  arises,  by  four  tendons,  fiY»m  the  transverse  processes  of 
the  third,  fourth,  fifth,  and  sixth  dorsal  vertebne,  and  by  additional  separate 
tendons  from  the  articular  processes  of  the  three  or  four  lower  cervicaL  The  fibres 
form  a  small  muscle,  whieli  ascends  to  be  inserted  into  the  posterior  margin  of 
the  mastoid  ]»rocess,  beneath  the  Splenius  and  Sterno-mastoid  muscles.  This 
small  muscle  is  almost  always  crossed  by  a  tendinous  intersection  near  its  insertion 
into  the  mastoid  process,' 

Belations.— The  Erector  spinise  and  its  prolongations  are  bound  down  to  the 
vertebne  and  ribs  in  the  lumbar  and  dorsal  regions  by  the  lumbar  fascia  and  the 
vertebral  aponeurosis.  The  inner  part  of  these  muscles  covers  the  muscles  of  the 
fifth  layer.  In  the  neck  they  are  in  relation,  by  their  nuperficial  dttrfaci\  with  the 
Trapezius  and  Splenius;  by  their  detp  ^tirface,  with  the  Semispinal  is  dorsi  et  colli 
and  the  Kecti  and  Ubliqui, 

The  Spinalis  dorsi  connects  the  spinous  processes  of  the  upper  lumbar  and  the 
dorsal  vertebrae  together  by  a  series  of  muscular  and  tendinous  slips  which  are 
intimately  blended  with  the  Longissimus  dorsi.  It  is  situated  at  the  inner  side  of 
the  Longissimus  dorsi,  arising,  by  three  or  four  tendons,  from  tlie  spinous  pro- 
cesses of  the  first  two  Irimbar  and  the  last  two  dorsal  vertebne:  these,  uniting, 
form  a  small  muscle,  which  is  inserted,  by  separate  tendons,  into  the  spinous  pro- 
cesses of  the  dorsal  vertebra,  the  number  varying  from  four  to  eight.  It  is 
intimately  united  with  the  Semispinalis  dorsi,  which  lit*s  beneath  it. 

The  Spinalis  colli  is  a  small  muscle,  eonneeting  together  the  s[iinous  processes 
of  the  cervical  vertebne,  and  analogous  lo  ihe  Spinalis  dorsi  in  the  dorsal  region. 
It  varies  cojisiderahly  in  its  sixe  and  in  its  extent  of  attachiuent  to  the  vertebne, 
not  only  in  different  hitdies,  liut  on  the  two  siiles  of  the  same  body.  It  usually 
arises  by  fleshy  or  tendinous  slips,  vai^ying  from  two  to  four  in  number,  from  the 

*  This  muBole  is  snmctiines  tiillc'd  *'(erTtcaliH  Hes»eti<lens.''  The  ^taileiU  should  reniemlwr 
that  these  Icnii?  musclos  take*  thtMr  tixt^l  nnini  tVom  alK)Vt*  rtr  iVfJiij  bel^Tw  uctMvrtliiig  to  L"mnjm»t,'iaet?i*. 

*  These  two  muscles  are  ^tmetimesdefeontHed  ah  oni«,  linviag  a  cqiueuoq  origin^  but  dlvidiag  above 
at  their  insertion.     The  Trachelo-mastoid  U  tbtn  termed  the  JVanwerwiw  mpHi*. 
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spinous  processes  of  the  fifth,  sixth,  and  seventh  cervical  vertebraB,  and  occasionally 
from  the  first  and  second  dorsal,  and  is  inserted  into  the  spinous  process  of  the 
axis,  and  occasionally  into  the  spinous  processes  of  the  two  vertebrte  below  it. 
This  muscle  was  fuund  absent  in  five  cases  out  of  twenty-four. 

The  Qomplexua  is  a  broad  thick  muscle,  situated  at  tbe  upper  and  back  part  of 
the  neck,  beneath  the  Splenius,  and  iniernal  to  the  Transvei'salis  colli  and  Trachelo- 
niastoid.  It  arises,  by  a  series  of  tendons,  about  seven  in  number,  from  the  ti|>8 
of  the  transverse  processes  of  the  ujiper  three  dorsal  and  seventh  cervical  vertebrssj, 
and  from  the  articular  processes  of  the  three  cervical  above  this.  The  tendons, 
uniting,  form  a  broad  muscle,  which  passes  obliquely  upward  and  inward,  and 
is  inserted  into  the  innermost  depression  between  the  two  curved  lines  of  the 
occipital  bone.  This  muscle,  about  its  middle,  is  traversed  by  a  transverse  tendi- 
nous intersection. 

The  BivcEter  cervicis  is  a  small  fascicnlus,  situated  on  tbe  inner  side  of  the 
preceding,  and  in  the  majority  of  cases  blended  with  it;  it  has  received  its  name 
from  having  a  tendon  intervening  between  two  fleshy  bellies.  It  is  sometimes 
described  as  a  separate  muscle,  arising,  by  from  two  to  four  tendinous  slips,  from 
the  transverse  processes  of  as  many  of  the  npper  dorsal  vertebriiB,  and  inserted, 
on  the  inner  side  of  the  Complex  us,  into  the  superior  curved  line  of  the  occipital 
bone. 

Eelations. — The  Com  plexus  is  covered  by  the  Splenius  and  the  Trapezius,  It 
lies  on  the  Rectus  capitis  posticus  major  and  minor,  the  Obliquus  capitis  superior 
and  inferior,  and  on  the  Semisptnalis  colli,  from  which  it  is  separated  by  the  pro- 
funda cervicis  artery,  the  prineeps  cervicis  artery,  and  branches  of  the  posterior 
cervical  plexus  of  nerves.  The  Biventer  cervicis  is  separated  from  its  fellow  of 
the  opjwstte  side  by  the  ligamentum  nuchse. 

Nerves. — ^The  Erector  spina^  and  its  subdivisions  in  the  dorsnl  regicm  are 
supplied  by  the  external  branches  of  the  posterif^r  divisions  of  the  lumbar  and 
dorsal  nerves,  while  its  subdivisions  in  the  cervical  region,  the  Transversalis  colli 
and  Trachelo-mastoid,  are  supplied  by  the  external  branches  of  the  pi)Steri«u' 
divisions  of  the  cervical  nerves:  the  Complexus,  by  the  internal  branches  of  the 
posterior  divisions  of  the  cervical  nerves,  the  suboccipital  and  great  occipital. 
The  Spinalis  colli  is  supplied  by  the  internal  branches  of  the  posterior  divisions 
of  the  cervical  nerves;  and  the  Spinalis  dorsi,  by  the  internal  branches  of  the  pos- 
terior divisions  of  the  dorsal  nerves. 


Semi  spinal  is  dorsi. 
Semispinal  is  colli. 
Multifidus  spiniie. 
Rotatores  spinae. 
Snpras  pin  ales. 
Interspinales. 


Fifth  Layer. 

Extensor  coccygis. 

Intertransversales. 

Rectus  capitis  posticus  major. 

Rectus  capitis  posticus  minor. 

Obliquus  capitis  superior. 

Obli(juus  capitis  inferior. 


Bisseclioil. — Remove  tbe  muscles  of  the  prceedijug  liiyer  by  rlividin^  aad  turning  asitle  the 
Complexus;  then  jietaeb  tbe  Spmalis  aud  LoujuMswimus  dorsi  from  tbcir  attacbujeut.s,  divide  the 
ER^ctijr  ti|Htue  at  its  t'oaneetiori  Mow  to  the  sacral  aud  lumbar  si  fines,  and  turn  it  niUwnnl. 
The  muscles  filHog  up  the  interval  between  the  spinous  aud  transverse  processes  are  xlivxi 
exposed. 

The  Beinispinalis  dorsi  (Fig,  288)  consists  of  thin,  narrow,  fleshy  &seiculi 
interposed  between  tendons  of  considerable  length.  It  arises  by  a  series  of  small 
tendons  from  the  transverse  jirocesses  of  tiu^  lower  dorsal  vertebri^e,  from  the 
tenth  or  eleventh  to  the  fifth  or  sixth;  and  is  inserted,  by  five  or  six  tendi>ns, 
into  the  spinous  luocesses  of  the  upper  four  dorsal  and  b)wer  two  cervical  vertcbri^. 

The  Semispinalis  colli,  thicker  than  the  prece<ling.  arises  by  a  series  <if  tendinous 
and  fleshy  fibres  frrun  the  transverse  |>rocesscs  of  tbe  upper  four  dorsal  vertebne 
and  from  the  articular  processes  of  tbe  lower  four  cervical  vertebrae;  and  is 
inserted  into  the  spinous  processes  of  four  cervical  vertebrae,  from  the  axis  to  the 
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fiftli  cervica!.  The  fasciculus  coonected  with  the  axis  is  the  largest^  and  chiefly 
muscular  in  structure. 

EelatioES.— By  their  miperjicial  surface^  from  below  upward,  with  the  SpinaliB 
dorsi,  Lnugissimu8  dorsi,  SpIoniu.s,  Complexus,  the  profunda  cervicis  artery^  the 
princeps  cervicis  artery,  and  the  internal  Ij ranches  of  the  posterior  divisions  of 
the  first,  second,  and  third  cervical  nerves ;  by  their  deep  surface,  with  the  Mul- 
tifidus  spinie. 

The  Multifidus  spinae  consists  of  a  number  of  fleshy  and  tendinous  fasciculi 
whicli  fill  uj)  the  groove  on  either  side  of  the  spinous  processes  of  the  vertebne, 
from  the  sacrum  to  the  axis.  In  the  sacra]  region  these  fasciculi  arise  from  the 
back  of  the  sacrum,  as  low  as  the  fourth  sacral  foramen,  and  from  the  aponeurosis 
of  origin  of  the  Erector  spinse  ;  in  the  iliac  region,  from  the  inner  surface  of  the 
posterior  superior  spine  of  the  ilium  and  posterior  sacro-iliac  ligaments  ;  in  the  lum- 
bar regions,  from  the  articular  processes ;  in  the  dorsal  region,  from  the  trans- 
verse |irocesses  ;  and  in  the  cervical  regi<m,  from  the  articular  processes*  Each 
fasciculus,  passing  oblinuely  upward  and  inward,  is  inserted  into  the  hmiina  and 
whole  length  of  the  spinous  process  of  one  ftf  the  vertebrie  above.  These  fasciculi 
vary  in  length  :  the  most  superficial,  the  longest,  pass  from  one  vertebra  to  the 
third  or  fourth  above  ;  those  next  in  order  i>ass  fr*uu  one  vertebra  to  the  second  or 
thin!  above ;  whilst  the  deepest  connect  two  contiguous  vertebrae. 

Relations* — By  its  Huperficial  surf  ate,  with  the  Lougissimus  dorsi.  Spinalis 
dorsi,  Semispinulis  dorsi,  and  Semispiuallis  crilli ;  by  its  drep  surfaee^  with  the 
lamintc  and  sj)inous  processes  of  the  vertebrae,  and  with  the  llotatores  spinae  in 
the  dorsal   region. 

The  Rotatores  spinse  are  found  only  in  the  dorsal  region  of  the  spine,  beneath 
the  Multifidus  spiuie  ;  they  are  eleven  in  number  on  each  side.  Each  muscle 
18  small  and  somewhat  quadrilateral  in  fiu'ni  ;  it  arises  from  the  irpper  and  buck 
[)art  of  the  Irausvcrse  process,  and  is  inserted  into  the  lower  border  and  outer 
surface  of  the  lamina  of  the  vertebra  above,  the  fibres  extending  as  far  inward  a* 
the  root  of  the  spinous  process.  The  first  is  found  between  the  first  and  second 
dorsal;  the  las!,  between  the  eleventh  and  twelfth*  Sometimes  the  number  of 
these  muscles  is  diminished  by  the  absence  of  one  or  more  from  the  upper  or  lower 
end* 

The  Supraspinales  ciuisist  of  a  series  of  fleshy  bands  which  lie  on  the  spinous 
processes  in  ihc  cervical  regirui  of  the  spine* 

The  Interspinales  are  .short  muscular  fasciculi,  placed  in  pairs  between  the 
spinous  processes  of  the  contiguous  vertebrae,  one  on  each  side  of  the  interspinoua 
ligament.  In  the  eervl^'ai  reijhn  they  are  most  distinct,  and  consist  of  six  pairs, 
the  first  being  situated  between  the  axis  and  third  vertebra,  and  the  last  between 
the  \\\si  cervical  and  the  first  dorsal.  They  are  small  narrow  bundles,  attached, 
above  and  below,  to  the  apices  of  the  spinous  processes.  In  the  dormd  regioii 
they  are  lound  between  the  first  anil  second  vertebra\  and  occasionally  between 
the  sec<md  and  third;  and  below,  between  the  eleventh  and  twelfth.  lu  the 
lumbar  region  there  are  four  pairs  of  these  muscles  in  the  intervals  between  the 
five  lumbar  vertebne.  There  is  also  occasional ly  one  in  the  interspinous  space, 
between  the  last  dorsal  and  first  lumbar,  and  between  the  fifth  lumbar  aiid  the 
saerutn. 

The  Extensor  coccygis  is  a  slender  muscular  fasciculus,  occasionally  present, 
which  extends  over  the  lower  part  of  the  posterior  surface  of  the  sacrum  and 
coccyx.  It  arises  by  tendinous  fibres  from  the  last  bone  of  the  sacrum  or  first 
piece  of  the  coccyx,  and  passes  downward  to  be  inserte*!  into  the  lower  part  of 
the  coccyx.  It  is  a  rudiment  of  ihe  Extensor  muscle  of  the  caudal  vertebrae 
which  exists  in  some  animals. 

The  Intertransveraales  are  snuill  muscles  placed  between  the  tninsverse  pro- 
cesses of  the  vertebrie*  In  the  cerrk'ol  nujmn  they  are  most  developed,  consisting 
of  rounded  muscular  and  tendinous  fasciculi,  which  are  }»]aced  in  pairs,  passing 
between  the  two  anteriorand  the  two  posterior  tubercles  of  the  transverse  processes 
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of  two  contiguous  vertebnt,  sepiirated  from  one  another  by  tlie  anterior  division  of 
the  cervical  nerve,  whieh  lies  in  the  groove  between  them.  In  this  region  there 
are  seven  pail's  of  these  muscles,  the  first  pair  being  between  the  atlas  and  axis, 
and  the  last  pair  between  tbe  seventh  cervical  and  first  dor^5al  vertebrje*  In  the 
dorsnl  n'iffon  they  are  least  developed,  coiLsisting  chiefly  of  rounded  tendinous 
cords  in  tbe  intertransverse  spaces  of  tbe  upper  dorsal  vertebne ;  but  between  the 
transverse  processes  of  the  lower  three  dorsal  vertebrie,  and  between  the  transverse 
processes  of  the  last  dorsal  rind  the  first  lumbar,  they  are  muscular  in  structure. 
Ill  the  lumlnir  region  tbey  are  four  in  number,  and  consist  of  a  single  muscular 
layer;  which  occupies  the  entire  interspace  between  the  transverse  processes  of  the 
lower  himbar  vertebne,  whilst  those  between  the  transverse  prot*esses  of  the  upper 
lumbar  are  not  attached  to  more  than  half  tbe  breadth  of  the  process. 

Tbe  Rectus  capitis  posticus  major  arises  by  a  piointed  tendinous  origin  from  the 
spinous  process  of  the  axis,  and,  becoming  broader  as  it  ascends,  is  inserted  into 
the  inferior  curved  line  of  tbe  occipital  bone  and  the  surface  of  bone  immediately 
below  it.  As  the  muscles  of  the  two  sides  pass  upward  and  outward,  they  leave 
between  tbem  a  triangular  sfmce,  in  which  are  seen  tbe  Recti  capitis  postici 
mi n ores  muscles. 

Eelations, — By  its  superficial  surface^  with  tbe  Comjdexus,  and,  at  its  inser- 
tion, with  the  Superior  oblique  ;  by  its  deep  surfaee^  with  part  of  the  Rectns  capitis 
posticus  minor,  the  posterior  arch  of  the  atlas,  tbe  posterior  occipito-atlantal  liga- 
ment.  and  part  of  the  occi[iital  bone. 

The  Rectus  capitis  posticus  minor,  the  smalb'st  of  the  four  muscles  in  this 
regifin,  is  of  a  triangular  shape  ;  it  arises  by  a  narrow  jtointed  tendon  from  the 
tubercle  on  the  posterior  arch  of  tbe  atlas,  and,  becoming  broader  as  it  ascends,  is 
inserted  into  the  rough  surface  beneath  the  inferior  curved  line,  nearly  as  for  as 
tbe  foramen  magnum,  nearer  to  tbe  middle  line  than   the  preceding. 

Relations. — By  its  superjicial  surffwey  with  the  Com  plexus  and  tbe  Rectus 
capitis  p(*stic«s  major;  hy  it^  deep  surface,  with  the  posterior  occipito-atlanta! 
ligament. 

The  Oblitiuus  capitis  inferior,  the  larger  of  the  two  i  Jbli^|ue  muscles,  arises 
from  the  apex  of  the  s])inous  process  of  the  axis,  and  passes  almost  horizontally 
outward,  to  be  inserted  into  the  lower  and  back  part  of  tbe  transverse  process  of 
the  atlas. 

RelatioES. — By  its  nuperfieial  gnrfaee^  with  the  Com|dexus  and  with  the  pos- 
terior I li vision  of  the  second  cervical  nerve,  which  crosses  it ;  by  its  deep  mirface^ 
with  the  vertebral  artery  and  posterior  atlantoaxial   ligament. 

The  Obliamis  capitis  superior,  narrow  below,  wide  and  expanded  above,  arises 
by  tendinous  fibres  from  tbe  upper  surface  of  the  transverse  process  of  the  atlas, 
joining  with  the  insertion  of  the  |ireceding,  and,  passing  obliquely  upward  and 
in  want  is  inserted  into  the  occipital  bone,  between  tbe  two  curved  lines,  external 
to  tbe  Com  |d  ex  us. 

Relations. — By  its  guperfieiai  surface^  with  the  Com  plexus  and  Trachelo-mastoid. 
By  its  deep  surface^  with  the  posterior  occipito-atlantal  ligament. 

The  Suboccipital  Triangle. — Between  the  two  oblique  muscles  and  the  Rectus 
capitis  post ic lis  lurijor  a  trianguhir  interval  exists,  the  Huhuceipital  ttlttHgh.  This 
triangle  is  Ijoumlcd,  above  and  internally,  by  tbe  Rectus  capitis  posticus  major: 
above  and  exterimlly,  by  tbe  Obliquus  capitis  superior ;  below  and  externally*  by  tbe 
0hli«|uus  capitis  inferior.  It  is  covered  in  by  a  layer  of  dense  fibro-fatty  tissue, 
situated  beneath  tbe  Com|dexu8  musde.  The  fioor  is  formed  by  tbe  posterior 
occipito-atlaiiUil  ligament,  tbe  posterior  arch  of  the  atlas,  and  the  posterior  atlanto- 
axial ligament.  It  contains  the  vertebral  artery,  as  it  runs  in  a  deep  groove  on  the 
u|)per  surface  of  the  posterior  arch  of  the  atlas,  and  the  posterior  division  of  the 
subocci|>ital  nerve. 

Nerves. — The  Semispinalis  dorsi  and  Rotatores  spina?  are  supplied  by  tbe 
internal  branches  of  the  posterior  divisions  of  tbe  dorsal  nerves;  the  Semispinalis 
colli*  by  the  internal  brunches  of  the  jiosterior  divisions  of  the  cervical  nerves;  the 
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SMpm^piuales  and  Iiittirspinales  are  supplied  by  the  internal  branches  of  the  posterior 
divisions  of  the  eervicah  dorsal,  and  lumbar  nerves  in  the  respective  regions;  the 
Intertransversales,  by  the  internal  brandies  of  the  posterior  divisions  of  the  cervical, 
dorsal,  and  lumbar  nerves:  the  Mnltificlus  spinse,  by  the  same,  with  the  addition 
of  the  internal  branches  of  the  posterior  divisions  of  the  sacral  nerves.  The  Recti 
and  Obliqiii  muscles  are  all  supfdied  by  the  suboccipital  nerve  ;  the  Inferior  obliijue 
is  also  8U|)|died  by  the  great  occi|>ital  nerve. 

Actions.- — When  both  the  Spinales  dorsi  contract,  they  extend  tlie  dorsal 
region  of  the  spine;  %vljen  only  one  muscle  contmcts,  it  helps  to  bend  the  dorsal 
portion  of  the  S])ine  to  one  side.  The  Erector  spinii%  comprising  the  Ilio-eostalis 
and  the  Louijissinius  dorsi  with  their  accessory  muscles,  serves,  as  its  name  implies, 
to  maintain  the  spine  in  the  erect  jiosture;  it  aLso  serves  to  bend  the  trunk  back* 
ward  when  it  is  reijuired  to  counterbalance  the  inHnence  of  any  wei^^bt  at  the 
front  of  the  body,  as,  for  instance,  when  a  heavy  weight  is  suspen^Jed  from  the 
neck,  or  when  there  is  any  great  abdominal  distension,  as  in  pregnancy  or  dropsy  ; 
the  peculiar  gait  under  such  circumstances  de]>ends  uprui  the  s]»ine  being  drawn 
backward  Ijv  the  counterbalancing  action  of  the  Erect(jr  spinie  muscles.  The 
mnscles  whicli  form  the  continuation  of  the  Elector  spiiiie  upward  sfendy  the 
head  and  neck,  and  fix  them  in  the  npright  position-  If  the  llio-eostalis  and 
Longissimus  dorsi  of  one  side  act,  they  serve  to  draw  (h>wn  the  chest  and  spine  to 
the  corresponding  side.  The  Cervicales  asccndcns,  taking  their  fixed  points  from 
the  cervical  vertebr;e^  elevate  those  ribs  to  which  they  arc  attached;  taking  their  fixed 
points  from  the  ribs,  both  muscles  help  to  extend  the  neck  ;  while  fuie  muscle 
bends  the  neck  to  its  own  side.  The  Transversal  is  colli,  when  iN^th  museles  act, 
taking  their  fixed  point  from  behtw,  bend  the  neck  backward.  The  Truchelo- 
nuistoid,  when  both  muscles  act,  taking  their  iixed  point  from  below,  bend  the  head 
backward;  while,  if  only  one  muscle  acts,  the  face  is  tnrned  to  the  side  on  which 
the  muscle  is  acting,  and  then  the  head  is  bent  to  the  shoulder.  The  two  Recti 
muscles  draw  the  head  backward.  The  Hcetns  cajutis  posticus  major,  owing  to 
its  oblifjiniy,  rotates  the  cranium,  with  the  atlas,  round  the  odontoid  process, 
turning  the  face  to  the  same  side.  The  Multifidns  sjiime  acts  successively  upon  the 
different  partvS  of  the  spine;  thus,  the  sacnnn  furnishes  a  fixed  point  from  which 
the  fasciculi  of  this  muscle  act  upon  the  lumbar  region ;  these  then  become  the 
fixed  points  f<u'  the  fasciculi  moving  the  dorsal  region,  and  so  on  throughout  the 
entire  length  of  the  spine;  it  is  by  the  successive  C(Uitracti*>n  and  relaxation  of 
the  separate  fasciculi  af  this  and  other  niuscles  that  the  spine  [ireserves  tlie  erect 
posture  without  the  fatigue  that  would  necessarily  have  lieen  produced  inid  this 
position  been  maintained  by  the  action  of  a  single  muscle.  The  Multifidus  s[>ini^, 
besides  preserving  the  erect  position  of  the  spine,  serves  to  rotate  it,  so  that  the 
front  of  the  trunk  is  turned  to  the  side  opposite  to  that  from  which  the  muscle 
acts,  this  muscle  being  assisted  in  its  action  by  the  <)hli<pius  ex  tern  us  abtlouiinis. 
The  Com  pic  xi  draw  the  bead  directly  back  wan  1  :  if  one  muscle  acts,  it  draws 
the  head  to  one  side,  stnd  rotates  it  so  that  the  face  is  turned  to  tlie  opposite 
side.  The  Superior  oblique  draws  the  head  backward,  and,  fnmi  the  obliquity 
in  the  direction  of  its  fibres,  will  slightly  rotate  the  craninin,  turning  the  face  to 
the  opposite  si<le.  The  Obliipius  capitis  inferior  rotates  the  atlas,  and  with  if  the 
cranium,  rouiul  the  odontoid  process,  turning  the  face  to  the  same  side.  The 
Semispinales,  when  the  nuiscles  of  the  two  sides  act  together,  help  to  extend  the 
spine ;  when  the  muscles  of  one  side  only  act,  they  rotate  the  d«usal  and  cervical 
parts  of  the  spine,  turning  the  body  to  the  opposite  side.  The  Supraspinales  and 
Interspinales  by  approximating  the  spinous  processes  help  to  extend  the  s]>ine. 
The  Intertransvereales  approximate  the  transverse  processes,  and  help  to  bend  the 
spine  to  one  side.  The  Rotatores  spinii?  assist  the  Multifidna  spin^e  to  rotate  the 
spine,  so  that  the  front  of  the  trunk  is  tuine«l  to  the  side  opposite  to  that  from 
which  the  muscle  scts- 

8iir£sice  Forma.^ — The  Burface  fonn^  [iroflaced  by  the  muscles  of  the  kiek  are  numerous  and 
difficult  to  analyse  unless   they  are  roasidered  ia  s>steniatic  order.     Tho  most  superficial  laj'er. 
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OOBMBliiig  of  large  strata  of  muscular  substance,  influences  to  a  certain  extent  the  surfaee  fonn, 
and  at  the  same  time  reveals  the  forms  uf  the  liiyen*  beneath.     The  Trapezius  at  the  upfa*r  partj 
of  the  bai'k,,  urnl  in  tlie  neck^  covers  over  an<i  softens  down  the  outhiie  of  the  underlying  imisrles,  J 
Its  anterior  l>*rtler  I5>rms  the  posterior  b<juiidary  of  the  posterior  tnaneie  ot*  the  net*k.     It  forme 
a  slitrht  undulafinj^  riilire  vvhicli  pa.sses  down  wan!    ami  htrward  from  the  occiput  to  the  junctjou 
of  the  middle  and  outer  third  t)f  the  daviele.     The  t^?lldinous  ellioHe  formed  by  a  part  of  the 
origin  of  the  two  mu?^"leH  at  the  haek  of  the  iieek  is  always  to  he  8t*en  as  un  ovtd  <lepre8sion, 
more  marked  when  the  mnscle  m  in  action.     A  sliiiht  dimple  on  the  s^kin  opposite  the  interval 
between  the  spinous  proeessea  of  the  third  and   fuurth  dorsid  vertebrae  marks  the  triani^1da^J 
ajMmeur<*si8  by  which  the  inferior  fibres  are  inserted  into  the  root  of  the  sjiine  of  the  st^apvda,' 
Fmm  this  ptiint  the  inferior  border  of  the  musttle  may  lie  tntced  as  an  undidatinir  ridce  to  the 
spinous  imieess  of  tlie  iweltlh  dorsal  vertebra.     In  like  manner,  the  Luftttit/mtLi  dorsi mWeus 
down  ami  modulates  the  underlyin^^  stnietuRs  at  the  lr*wer  j>art  of  tlie  l>aek  and  lower  i>!m  of 
the  side  of  the  chest.     In  t!iis  way  it  modulates  the  outline  ot  the  Ereetor  spina* ;  of  the  Serratus 
postieus  inferior,  whicli  is  so  me  timers  to  he  dist.^ernetl  throtiirh   it,  and  is  sometimes  entirely 
obscured  by  it ;  of  j»art  of  the  Serratus  eiagnus  and  Superior  oblii^ne,  which  it  eovers  ;  and  oi 
the  eon  vex  obH<|ue  ridges  formed  by  the  ribs  with  the  intervening  intereastal  spaces.     The 
anterior  border  of  the  musele  is  the  only  part  which  gives  a  distinct  surfViee  form.     Tliis  bonier 
may  be  tnieed^  whcTi  the  nmscle  Is  in  action.  a,s  a  rounded  edge,  starting  from  the  erest  of  the 
dium.  and  piussing  obli^piely  furward  and  upward  to  the  posterior  border  of  the  axilla,  where  it 
combines  with  the  Terfs  major  in  fonning  a  thick  rounded  fold,  the  posterior  boundary  of  the 
axillur>'  siuice.     The  musiele,s  in  tin*  second  layer  influenee  to  a  very  (^tjustderable  extent  tlie  surfaee  i 
form  of  llie  bark  of  the  neck  and  upper  part  of  the  trunk.     The  Lenttor  auguU  scapuh:  reveali! 
itself  mi  a  prominent  divergent  line,  running  downward  and  outwai'd,  from  the  transverse  pro- 
cesses of  the  upper  ccrvnea!  vcrtehrtie  to  the  anirle  of  tbe  seapula^  covered  over  atid  toned  down 
hy  the  overlyinLT  Trapezius.     The   Rhftfiifjouh^i  produw,  when  in  action*  a  vertieal  eminence  , 
btitween  the  internal  border  of  the  seajiula  and  the  sjiinal  furrow,  varying  in  intensity  aceording  I 
to  the  condition  of  eontraetion  or  relaxation  of  the  TrapeKins  musele,  by  which  they  are  h>r  the 
m<xst  part  covered.   The  lowermost  part  of  the  Rhoniboideus  m[ijor  is  um-oyered  by  tlie  TrapeziuS| 
and  forms  on  the  snrfaiie  an  oblique  ridge  running  upward  and  inwartl  from  the  inferior  angle 
of  the  S4*apuhu     Of  the  muscles  of  the  thini  laver  of  the  back,  the  Sernttm  p(isfiniJ<  supt:nor\ 
does  not  in  any  way  influenee  surtaee  form.     Tlie   St^n'trfna  jxh^ftcuji  fn/tn'fji\  when  in  strong  J 
artrtin,  may  oi!<_^ajJsonidly  be  revealed  xs  an  elevation  beneath  the  Latissimus  dorsi.     The  Spltmi} 
by  their  divergeme  serve  to  broaden  out  the  upper  part  of  the  haek  of  the  nw*k  and  proauce  i 
Im-al  fulness  in  this  situation,  but  do  not  <»therwise  influence  surface  form.     Beneatli  all  thesoj 
mu&t*!es  those  i>f  the  fourth  layer — the.  Er*Yft)r  HpiitiT  and  its  continuations — influence  the  surface 
foni*  in  a  decided  manner.     In  the  loins,  the  Erector  spinm^  bouml  d(*wn  by  the  bunl>ar  hiseiai 
forms  a  rounded  vertical  cnunence,  whieh  determines  the  dcj^th  of  the  spinal  furrt>w,  and  which 
below  tapers  t^j  a  point  on  the  posterifir  surface  of  the  sacrum  and  beci^mes  lost  there.     In  the 
back  it  forms  a  flattened  plane  which  ^^radually  l>ecomcs  b»st.     In  the  neck  the  otdy  part  of  this 
gT»>np  of  muscles  which  influenees  surtaee  form  is  the  Tracht^h-masfot'd,  which  |iroduces  a  short  j 
convergent  lino  luToss  the  upper  part  of  the  posterior  triangle  of  the  neck,  appearing  fr^jm  1 
under  cover  of  the  posterior  border  of  the  8terno-maatoid  and  being  lost  below  beneath  the 
Trapezius. 

THE  THORAX. 

The  Muscles  exclusively  connected  with  the  bones  in  this  region  are  few  in 
number.     They  are  the 


Intercostales  extern  i. 
Intercostales  interni* 


Infracostales, 
Triangularis  Bterni. 


Levatorea  costarum. 

Intercostal  Fasciae. — ^A  thin  but  firm  layer  of  fascia  covers  the  outer  surface  of 
the  External  intercostal  and  the  inner  surface  of  the  Internal  intercostal  muscles; 
and  a  third  layer,  the  middle  intercostal  ffi^seia,  more  delicate,  is  interposed  between 
the  two  planes  of  rauscular  fibres.  These  are  the  intercostal  fasciae ;  they  are  l>est 
marked  in  those  situations  where  the  muscular  fibres  are  deficient,  as  between  the 
External  intercostal  muscles  and  sternum,  in  front,  and  between  the  Internal 
intercostals  and  spine,  behind. 

The  Intercostal  mnacles  ( Fi^.  209)  are  two  thin  planes  of  muscular  and  tendinous 
fibres,  phu"e<l  one  over  tbe  other,  fillinjir  np  tlie  intercostal  spaces,  and  being  directed 
obliquely  between  the  margins  of  the  adjacent  ribs.  They  have  received  the  name 
**  external '*  and  *Mnternal '' from  the  position  they  bear  to  one  another.  The 
tendinous  fibres  are  longer  and  more  numerous  than  the  muscular;  hence  tlie  walla 
of  the  intercostal  spaces  possess  very  considerable  strength,  to  which  the  crossing  of 
the  muscular  fibres  material Iv  contributes. 
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The  External  IntercostalB  are  eleven  in  rmmber  on  each  side.  They  extend 
from  the  ttihereles  of  the  ribs^  hehind,  to  the  eomiTiencement  of  the  cartilages  of 
the  rilis,  in  front,  >vhere  they  terminate  in  a  thin  membranons  aponeiirnsis,  which 
is  continuccl  forward  to  the  ,ster!mm.  They  arise  from  the  lower  border  of  each 
rib,  and  are  inserted  into  the  upper  border  of  the  rib  below.  In  the  two  hjwe^^t 
spaces  they  extend  to  the  end  of  thecartihiges.  Thei  r  fib  res  are  directed  obi  i  quel  j 
downwatd  and  forward,  in  a  similar  direction  witli  those  of  the  External  obli^jue 
muscle  of  the  abdomen.     They  are  thicker  than  the  Internal  intercostahs. 

Relations. — ^By  their  outer  surface^  with  the  muscles  whieli  immediately  invent 
the  chest — -viz.  the  Pectoral  is  major  and  minor,  Serratus  msignus,  and  Rhorahoideus 
major,  Serratus  postieuB  superior  and  inferior,  8crilenus  jiosticus,  Ilio-eostalis, 
LongissimTis  dorsi,  Cervicalis  ascendens.  Transversal i**  colli,  Levatores  costarum, 
and  the  0  hi  i  quits  ex  tern  us  abdominis;  by  their  interwil  mtrfave,  with  the  middle 
intercostfil  fascia,  which  separates  thetn  from  the  intercostal  vessels  and  nerve,  and 
the  Internal  intercostal  nniscles,  an<L  behind,  from  the  pleura. 

The  Internal  IntercoBtals  are  alao  eleven  in  nuiuber  on  each  side.  They 
commence  anteriorly  at  the  stetiium,  in  the  interspaces  between  the  cartilages  of 
the  true  ribs,  i»nd  fn^m  the  anterior  extremities  of  the  cartilages  of  the  false  ribs, 
and  extend  backward  us  far  as  the  angles  of  the  ribs,  whence  they  are  continued 
to  the  vertebral  column  by  a  thin  aponeurosis.  They  arise  from  the  ridge  on  the 
inner  surface  of  each  rib,  as  well  as  from  the  corresjionding  costal  cartilage,  and 
are  inserted  into  the  upper  border  of  the  rib  below.  Their  fibres  are  directed 
oblirpiely  downward  and  backward,  passing  in  the  opposite  direction  to  the  fibres 
of  the  External   intercostal  muscle. 

Relations* — By  their  external  gurfaet\  \\uh  the  intercostal  vessels  and  nerves, 
and  the  iriiddle  intercostal  fascia,  which  separates  them  from  the  Externid  inter- 
costal muscles ;  by  their  iifternal  surface^  with  the  internal  intercostal  fascia, 
which  separates  them  from  the  pleura  costalis,  Triangularis  sterni,  and  Diaphragm. 

The  Infracostales  (subcoatales)  consist  of  muscular  autl  aponeurotic  fasciculi, 
which  vary  in  number  and  length  :  they  are  jdaced  on  the  inner  surface  of  the  ribs, 
where  the  Internal  intercostal  muscles  cease;  they  arise  from  the  inner  surface  of 
one  rib,  and  are  inserted  into  the  inner  surface  of  the  first,  second,  or  third  rib 
below.  Their  direction  is  most  usually  oblirpie,  like  the  Internal  intercostals. 
They  are  most  fre^pient  betwetm   the  lower  ribs. 

The  Trlan^laris  sterni  is  a  linn  jihine  of  muscular  and  tendinous  fibres, 
situated  npon  the  inner  wall  of  the  front  of  the  cliest.  It  arises  from  the  lower 
part  of  the  side  of  t!ie  sternum,  from  the  inner  surface  of  the  ensiform  cartilage, 
and  from  the  sternal  ends  of  the  costal  cartilages  of  the  three  or  four  lower  true 
I  fibs*  Its  fibres  diverge  upward  and  *)utward,  to  be  inserted  by  tieshy  digitations 
into  the  lower  b<u*der  aud  inner  s^irfaces  of  the  costal  cartilages  of  the  se*cond, 
third,  fourth,  and  fifth  ribs.  The  lowest  fibres  of  this  muscle  are  horizontal  in 
their  direction,  and  are  continucuis  with  those  of  the  Ti*ansversalts  ;  those  which 
succeed  are  obliipic,  whilst  the  superior  fibres  at^e  almost  vertical.  Tliis  muscle 
varies  much  in  its  attachment,  not  only  in  different  bodies,  but  on  opposite  sides 
of  the  same  body* 

Eelatioiis. — In  front,  with  the  gternum,  ensifortn  cartilage,  costal  cartilages, 
Internal  ititercostal  muscles,  and  internal  mammary  vessels;  behind^  with  the 
pleura,  pericardium,  and  anterior  mediastinum. 

The  Levatores  Oostarum  (Fig.  2HH\  twelve  in  number  on  each  side,  are  small 
tendinous  and  fleshy  bundles,  which  arise  from  the  extremities  of  the  transverse 
processes  tjf  the  seventh  cervical  and  eleven  uftper  dorsal  vertebrje,  and,  j»assing 
obli(piely  downward  aiul  outward,  are  inserted  itjto  the  u|iper  border  of  the  rib 
below  them*  between  the  tul»crcle  and  the  iingle.  That  for  the  first  rib  arises 
from  the  transverse  process  of  the  last  cervical  vertebra,  and  that  for  the  last  from 
the  eleventh  dorsal.  The  Inferior  levatores  divide  into  two  fasciculi,  one  of  which 
is  inserted  as  above  described ;  the  other  fasciculus  passes  down  to  the  second  rib 
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below  its  arigin  ;  thus,  each  of  tbe  lower  ribs  receives  fibres  from  the  transverse 
processes  of  two  vertebn^. 

Nerres.^ — The  muscles  of  this  group  are  siifi|j!ietl  by  the  intercostal  nerves. 

Actions. — The  Intercostala  are  the  cbief  agents  in  the  movement  of  tbe  ribs 


STCRNO.MArrOIO. 


«C*irHU6    MCOIUS. 
SCALENUS    AfifTICUe. 
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TRAr4SVCR9ALI8    ABDOMINIS. 
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11»,2B9,-Fo5itt'ri!jrsurfAce  or  sternum  itnd  t]ost«l  eartUaRes,  shnwine  Trlfti^gulftri»  sterni  muficle.    (Prom  a 
pfcpAr&tion  in  the  MiLseum  of  the  Kt>yjil  CoUepe  of  Jaurgeous  of  KriglnLim.) 


in  ordinary  respiration.  When  the  first  rib  is  elevated  and  fixed  by  the  Scaleni.  the 
External  inlei'L^ostals  niist;  the  other  ribs,  e.specially  their  fore  part,  and  so  increase 
the  capacity  of  the  clicst  fnnii  bufore  backward  ;  at  the  s^ame  time  they  evert  their 
lower  borders,  and  sn  eid^riie  the  thoracic  cavity  tranj*vensely.  The  Internai 
intercostalH,  at  the  siib:*  fjf  the  thorax,  dcprci5S  the  ribs  and  invert  their  lower 
borders,  and  »o  diminish  the  thoracic  cavity  ;  but  at  the  fore  part  of  the  chest  these 
mnscles  assist  the  External  intercostals  in  raising  tlie  cartilages,*     The  Levatores 

*  The  view  of  the  actioQ  of  the  IntercoBtJil  riiuscles  ^iv^n  in  tlie  text  is  that  which  is  taught  by 
Hutchinson  [Cytl.  of  Amit.  nmi  Phi/K„  art.  **  Thonix  ")*  ami  is  Ufiiijilly  JuhspttMl  in  our  t§chcK>b.  Il  l», 
however^  much  disputed,  HandM?ri^t'r  In-diiived  thni  the  E^ttb-rnal  ink'n'ostala  act  »>  ele^^ntors  of  the 
rilis,  or  muHcles  of  inspinilion,  whik-  ihe  hueniul  act  in  exi)iration,  Haller  taught  that  hnlh  setn  ot^ 
muscles  act  in  enoimon— viz.  as  mu-*«Mi?H  of  inspiration — and  ihitt  view  is  adopted  by  many  of  die  boiit 
■niitomistA  of  ihi^  rnntinent,  an<J  appe:l^^  i^n|»|>orit*<1  by  many  ob^ervationA  made  on  the  hiiman  s^idyect 
wnder  various  eondiliotiH  of  discaiie,  and  on  livinfT  snnimals  after  the  mnscles  have  been  exjiosed  under 
chloroform,  Ttie  reader  may  consult  an  interesting  paper  by  Dr.  Clehnid  in  the  Jouninlof  Anat  and 
PhtfA,  No.  ILj  May,  lSf>7,  p.  2(Wj  "  On  the  Hutehinsoniim  Theory  of  the  Action  of  the  Inlereiietal 
MuscleSy"  who  pefer»  also  to  Henle,  Luselika,  Ihid^e,  anil  Baumler,  Ohsci-mtiom  tm  fht  Action  of  the 
ftUmmUd  Muxteti,  ErlanKen,  1  Sm.  { In  New  St/ft.  NV*c.'»  YrfU'EofA/or  1 861 ,  p.  tiO. )  Dr.  \\\  W.  Koen  lias 
come  to  the  conclusion,  from  experimenbt}  miule  upon  a  criminal  executed  by  hanging,  that  the  Exter- 
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costanim  assist  the  External  intercostals  in  raising  the  ribs.  The  Triangularis 
sterni  draws  down  the  costal  eartihiges;  it  is  therefore  an  expiratory  muscle. 

Mmch'H  of  JfiitpiratHm  (iNd  Erpiratwn. — The  muscles  which  assist  the  action 
of  the  Diajihragm  in  ordinary  trun<|uil  inspiration  arc  the  Intcrcostiils  and  the 
Levatores  costanim,  as  above  statetl^  and  the  Sealcni.  When  the  iieetl  for  more 
forcible  action  exists,  the  shoulders  and  the  base  of  the  scapula  are  fixed,  and  then 
the  powerful  muscles  of  forced  inspiration  come  into  play;  the  chief  of  these  are 
the  Trapezius,  the  Pectoralis  minor,  the  Serratus  posticus  superior  and  inferior, 
and  the  Rhcmihoidei,  The  lower  fibres  of  the  Serratus  magnusmay  ] toss ihly  assist 
slightly  in  dilating  the  chest  by  raising  and  everting  the  ribs.  The  Sterno- 
mastoid  also,  when  the  head  is  fixed,  a.ssists  in  forced  inspiration  by  drawing  up 
the  sternum  and  by  fixing  the  clavicle,  and  thws  aflbrding  a  fixed  point  for  the 
action  of  the  muscles  of  the  chest*  The  Ilio-costalis  and  Quadratus  luniborum 
assist  in  forced  insjd ration  by  fixing  the  last  rib  (see  page  458). 

The  ordinary  action  of  expiration  is  hardly  eflected  by  muscular  force,  but 
results  from  a  return  of  the  walls  of  the  thorax  to  a  condition  of  rest,  owing  to 
their  own  elasticity  and  to  that  of  the  lungs.  Forced  expiratory  actions  are 
performed  mainly  by  the  Hat  muscles  (Obliqui  and  Transversal  is)  of  the  abdomen, 
assisted  also  by  the  Rectus.  Other  muscles  of  forced  expiration  are  possibly  the 
Internal  intercostals  and  Triangularis  sterni  (as  above  mentioned),  and  the  Ilio- 
costal is. 

THE  DIAPHRAGMATIC  EEOION. 

Diaphragm, 

The  DiapliragM  (o/ti<p^fl)7j<2,  a  partition  wall)  (Fig,  290)  is  a  thin  musculo- 
fibrous  septum,  placed  obliquely  at  the  junction  of  the  upper  with  the  middle  third 
of  the  trunk,  and  separating  the  thorax  from  the  abdomen,  forming  the  floor  of  the 
former  cavity  and  the  roof  of  the  latter.  It  is  ellipticid,  its  longest  diameter  being 
from  side  to  side,  somewhat  fan-shaped,  the  broad  elliptical  portion  being  hori- 
zontal, the  narrow  part,  which  represents  the  handle  of  the  fan,  vertical,  and 
joined  at  right  angles  to  the  ft>rmer.  It  is  from  this  circumstance  that  some 
anatomists  describe  it  as  consisting  of  two  portions,  the  upper  or  great  muscle  of 
the  Diaphragm,  and  the  lower  or  lesser  muscle.  It  arises  from  the  whole  of  the 
internal  circumference  of  the  thorax;  being  attached,  in  front,  by  fie:^hy  fibres  to 
the  ens i form  cartilage ;  on  cither  side,  to  the  inner  surface  of  the  cartilages  a!ui 
bony  portions  of  the  six  or  seven  inferior  ribs,  interdigitating  with  the  Transver- 
ealis;  and  behind,  to  two  aponeurotic  arches,  named  the  lifftmientum  arcuatum 
externum  et  inteniufn^  and  to  the  lumbar  vertebne.  The  fibres  from  these  sources 
vary  in  length;  those  arising  from  the  ensiform  appendix  are  very  short  and 
occasionally  aponeurotic;  those  from  the  ligament  a  areuata,  and  more  especially 
those  from  the  cartilages  of  the  ribs  at  the  side  of  the  chest,  arc  longer,  describe 
well-marked  curves  as  they  ascend,  and  finally  converge  to  be  inserted  into  the 
circuniference  of  the  central  tendon.  Between  tlie  sides  of  the  muscular  slip  from 
the  ensiform  appendix  and  the  cartilages  of  the  adjojning  ribs  the  fibres  of  the 
Diaphragm  are  deficient,  the  interval  being  filled  by  areolar  tissue,  covered  on  the 
thoracic  side  by  the  pleura?;  on  the  abdominal,  by  the  peritoneum.  This  is, 
consequently,  a  weak  point,  and  a  portion  of  the  contents  of  the  abdomen  may 
protrude  into  the  chest,  forming  phrenic  or  diaphragmatic  hernia,  or  a  collection 
of  pns  in  the  mediastinum  may  descend  through  it,  so  as  to  point  at  the 
epigastrium. 

The  If  (/amentum  areuatum  inteninm  is  a  tendinous  arch,  thrown  across  the 
upper  part  of  the  Psoas  magnus  muscle,  on  each  side  of  the  spine.  It  is  connected, 
by  *jne  end,  to  the  outer  side  of  the  body  of  the  first  lumbar  vertebra,  being 
continuous  with  the  outer  side  of  the  tendon  of  the  corresponding  cms ;  and,  by 

nnl  intercostals  are  muscles  of  eipini lion,  :us  tli»  y  pulled  tlie  rilisiJown^  while  ibe  Inlernfil  intercostak 
ptiUed  the  ribs  up  and  are  muscles  of  iiibpiniliou  (  2>i*n^»  (Jdi.  Fh^a,  PhiiadclphiUf  Tldrd  Series,  vol.  i., 
1875,  p.  y?). 
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tbe  other  end.  to  the  front  of  the  ti*ans verse  process  of  the  first,  and  sometimes 
also  to  that  of  the  second,  limibar  vertebra. 

The  Itffamt'fiftim  arruatum  ^.rtcnium  is  the  thickened  upper  margin  of  the  ante- 
rior lamclhi  of  the  lurnhnr  fascia;  it  arches  across  the  upper  part  of  the  Quadratus 
lumhorum,  being  attached,  by  one  extremity,  to  the  front  of  the  transverse  process 
of  the  lirst.  sometimes  alr^o  of  the  second,  liirabar  vertebra,  and,  by  the  other,  toi 
the  apex  and  lower  marj[i;in  of  the  la,st  rib. 

The  Crura. — The  Diaphragm  is  coimeeted  to  the  spine  by  two  enira  or  pillars, 
which  are  situated  on  the  b<>die:!*  of  the  lombar  vertebrae,  on  each  side  of  the  aorta- 
The  crura,  at  their  origin,  are  tendinous  in  structure;  the  right  crus,  larger  and 
longer  than  the  left,  arising  from  the  anterior  surface  of  the  bodies  and  inter- 
vertebral substances  of  the  three  or  four  upper  lumbar  vertebrae;  the  left,  from 
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the  two  upper;  both  blending  with  the  anterior  common  ligament  of  the  spine* 
These  tendinous  portions  of  the  crura  pass  forward  and  inward,  and  gradually 
converge  to  meet  in  the  middle  line,  forming  an  arch,  beneath  which  ]>asses  the 
aorta,  vena  azygos  major,  and  thoracic  duct.  From  this  tendinous  arch  muscular 
fibres  arise,  which  diverge,  the  fHUermo.st  portion  being  directed  upward  and 
outward  to  the  centi*al  tendon  ;  the  innermost  decussating  in  fnmt  of  the  aorta, 
and  then  diverging,  so  as  it)  surround  the  cesophagus  liefore  ending  in  the  central 
tendon.  The  fibres  derived  from  the  right  crus  are  the  most  numerous  and  pass 
in  front  of  those  derived  from  the  left. 

The  Centml  or  Cordiform  Tendtm  of  the  Diaphragm  is  a  thin  but  stnmg 
tendinous  aponeurosis,  situated  at  the  centre  of  the  vault  formed  by  the  muscle, 
immediately  below  the  pericardium,  with  which  it«  upper  surface  is  blended.  It 
i8  shaped  somewhat  like  a  trefoil  leaf^  consisting  of  three  divisions,  or  leaflets, 
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separated  from  one  another  by  slight  indentationB.  The  right  leaflet  is  the  largest : 
the  middle  one,  directed  toward  the  ensiform  cartilage,  the  next  in  size ;  and  the 
left,  the  smallest.  In  structure,  the  tendon  is  composed  of  several  planes  of  fibres, 
wliieli  intersect  one  another  at  variows  angles,  and  nnite  into  straight  or  curved 
bundles — an  arrangement  which  affords  it  additional  strength. 

The  Openings  connected  with  the  Diaphragm  are  three  large  and  several 
smaller  ajjertures.  The  former  are  the  aortic,  the  oesophageal,  and  the  opening 
for  the  vena  cava. 

T\\i}  aortlf*  ftpenhig  is  the  lowest  and  the  nit>st  posterior  of  the  tfiree  large  aper- 
tures connected  with  this  muscle.  It  is  situated  in  the  middle  line,  immediately 
in  front  of  the  bodies  of  the  vertebrae ;  and  is,  therefore,  behind  the  Diaphragm, 
not  in  it.  It  is  an  osseo- aponeurotic  aperture,  formed  by  a  tendinous  arch  thrown 
across  the  front  of  the  bodies  uf  the  vertebrie,  from  the  cms  on  one  side  to  that 
on  the  other,  and  transmits  the  aorta,  vena  azygos  major,  thoracic  duct,  and 
sometimes  the  left  sympathetic  nerve.  Occasionally  some  tendinous  fibres  are 
prolonged  across  the  bodies  of  the  vertebrae  from  the  inner  part  of  the  lower  end 
of  the  crura*  passing  behind  the  aorta,  and  thus  converting  the  opening  into  a 
fibrous  ring. 

The  ivmphageal  opeuintj^  elliptical  in  form,  muscular  in  structure,  and  formed 
by  the  two  crura,  is  placed  above,  and,  at  the  same  time,  anterior,  and  a  little  to 
the  left  of,  the  preceding.  It  transmits  tlie  oesophagus  and  pneumogastric  nerves. 
The  anterior  margin  of  this  aperture  is  occasionally  tendinous,  being  formed  by  the 
margin  of  the  central  tendon. 

The  opemntj  for  the  retia  rapa  {foranwn  qimdr^fnm)  is  the  highest;  it  is  rpiad- 
rilateral  in  form,  tendinous  in  structure,  and  phiceil  at  the  junction  of  the  right 
and  middle  leiitlets  of  the  central  tend«m^  its  margins  being  bounded  by  four 
bundles  of  tendinous  fibres,  which   meet  at   right  angles. 

The  r(<//f?  t'rw«  transmits  the  sympathetic  and  the  greater  and  lesser  splanchnic 
nerves  of  the  right  side;  ihe  left  vrum^  the  greater  and  lesser  splanchnic  nerves  of 
the  left  side  and  the  vena  azygos  minor. 

The  S*^roiiit  MemhraiN'S  in  relation  with  the  Diaphragm  are  four  in  number: 
three  lining  its  upper  or  thoracic  surface;  one,  its  abdominaL  The  three  serous 
membranes  on  its  upper  surface  are  the  |dcura  on  either  side  and  the  serous  layer 
of  the  pericanlium,  which  covers  the  mitldle  portion  of  the  tcndinotis  centre.  The 
serous  membrane  covering  its  under  surface  is  a  portion  of  the  genei*al  peritoneal 
membrane  of  the  abdominal  cavity. 

The  I)iai)hragm  is  arched,  being  convex  toward  the  chest  and  concave  to  the 
abdnmen.  Tlie  right  portion  forms  a  complete  arch  from  bef**re  l>aekward.  being 
accurately  moidde<l  over  the  convex  surface  of  the  liver,  and  having  resting  upon 
it  the  concave  base  of  the  right  lung.  The  hft  pffrtion  is  arched  from  before  back- 
ward in  a  similar  manner ;  bnt  the  arch  is  narrower  in  front,  being  encroached  u]>on 
by  the  pericarditim,  and  lower  than  the  right,  at  its  summit,  by  abowt  three-quarters 
of  an  inch.  It  sup|>orts  the  base  of  the  left  lung,  and  covers  the  great  end  of  the 
stomach,  the  s[ilcen,  and  left  kidney.  At  its  circumference  tlie  Diaphragm  is 
higher  in  tlie  mesial  line  of  the  body  than  at  either  side;  but  in  the  middle  of  the 
thorax  the  central  portion,  which  supports  the  heart,  is  on  a  lower  level  than  the 
two  lateral  portions. 

Nerves. — -The  Diaphragm  is  supplied  by  the  phrenic  nerves  and  phrenic  plexus 
of  the  sympathetic. 

Actions. — The  Diaphragm  is  the  principial  muscle  of  inspiration.  When  in  a 
condition  of  rest  the  muscle  presents  a  duuiefl  surface,  concave  toward  the  abdo- 
men ;  and  consists  of  a  circumferential  muscular  and  a  central  tendinous  part. 
When  the  muscular  fibres  contract »  they  liecome  less  arched,  or  nearly  straight, 
and  thws  cause  the  central  tendon  to  descend,  and  in  crmsequence  the  level  of  the 
chest-wall  is  lowered,  the  vertical  diameter  of  the  chest  being  proportionally 
increased-  In  this  descent  the  diflerent  |)arts  of  the  tendon  move  unequally. 
The  left  leaflet  descends  to  the  greatest  extent;  the  right  to  a  less  extent,  on 
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account  of  the  liver;  and  the  central  leaflet  the  least,  because  of  its  connection  to 
the  pericardium.  In  descending  tbe  difi|ihragm  presses  on  the  abdorainal  %'iscera, 
and  so  to  a  certain  extent  causes  a  projection  of  the  abdominal  wall;  but  in  conse- 
quence of  these  viscera  not  yiebling  completely,  the  central  tendon  becomes!  a  fixed 
point,  and  enables  the  circumferential  muscular  fibres  to  act /Vow  it,  and  so  elevate 
the  lower  ribs  and  expand  the  hiwer  part  of  the  thoracic  cavity ;  and  Duchenne 
has  shown  that  the  Diaphragm  has  the  power  of  elevating  the  ribs,  to  which  it 
is  attached,  by  its  contraction,  if  the  abdominal  viscera  are  in  situ,  but  that  if  these 
organs  are  removed,  this  power  is  lost.  When  at  the  end  of  inspiration  the  Dia- 
phragm relaxes,  the  thoracic  walls  return  to  their  natural  position  in  consequence 
of  their  ehistic  reaction  and  of  the  elasticity  and  weight  of  the  displaced  viscera.' 

In  all  expulsive  acts  the  Diaphragm  is  called  into  action,  to  give  additional 
power  to  each  expulsive  effort.  Thus,  before  sneezing,  coughing,  laughing,  and 
crying,  before  vomiting,  previous  to  the  expulsion  of  the  urine  and  fseces,  or  of 
the  ftJBtus  from  the  womb,  a  deep  inspiration  takes  place. 

The  height  of  the  Diajihnigra  is  constantly  varying  during  respiration,  the 
muscle  being  carried  upward  or  downward  from  the  average  level ;  its  height  also 
varies  according  to  the  degree  of  distension  of  the  stomach  and  intestines,  and  the 
size  of  the  liver.  After  a  forced  expiration,  the  right  arch  is  on  a  level,  in  front, 
with  the  fourth  costal  cartilage  ;  at  the  side,  with  the  fifth,  sixth,  and  seventh 
ribs ;  and  behind,  with  the  eighth  rib,  the  left  arch  being  usually  from  one  to  two 
ribs'  breadth  below*  the  level  of  the  right  one.  In  a  forced  inspiration,  it  descends 
from  one  to  two  inches ;  its  slope  would  then  be  represented  by  a  line  drawn  from 
the  ensiform  cartilage  toward  the  tenth  rib. 

THE  ABDOMEN. 
Superficial  Muscles. 
The  Muscles  in  this  region  are,  the 
Ublirpins  Externus. 
Ublitjuus  Intern  us. 

Pyramidal  is. 
Dissection  (Fig.  291).— To  disseet  the  idKlominal 
musfles,  make  a  vertical  incision  Worn  I  he  ensiionn  t'ar- 
tilage  to  the  piibi^s ;  a  setoiid  int-ision  from  the  ambilieus 
obliquely  upwaril  ami  outwanl  to  the  outer  surface  of  the 
chest,  as  high  its  the  lower  bonier  td"  the  fil\h  or  sixth  rib; 
and  a  thinj,  wmmcncitiL'  midwiiy  l^etwcen  the  lujdvilicus 
and  puhes,  trani^versely  outward  to  the  anterior  sujpenor 
iliac  spine,  and  ulon^ir  the  vjeal  of  the  ilium  m  hir  as  its 
posterior  third.  Thea  rct^eet  the  three  tlajLs  inehided  be* 
tween  thesi]  incision.^  from  within  outward,  in  the  lines  of 
direction  of  the  musfidar  fibres.  If  Tieves8ar>%  the  abdom- 
iiiat  muscies  may  be  made  tense  by  infiitiing  the  peritoneal 
cavity  through  the  umbilicus. 

The  Superficial  fascia  of  the  abdomen  consists 
over  the  greater  part  of  the  abdominal  wall  of  a 
single  layer  of  fascia,  winch  contains  a  variable 
araouni  of  f^it ;  but  ag  this  layer  approaches  the 
groin  it  is  easily  divisible  into  two  layers,  be- 
tween which  are  found  the  superficial  vessels  and 
nerves  and  the  superficial  inguinal  lymphatic 
glands.  The  superficial  layer  is  thick,  areolar  in 
texture,  contiiinino;  adipose  tissue  in  its  meshes, 
the  quantity  of  which  varies  in  different  snhjects. 
Below  it  passes  over  Pou part's  ligament,  and  is 
©ontinuous  with  the  outer  layer  of  the  superficial 
fiiseia  of  the  thigh.     In  the  male  this  fascia  is  continued  over  the  penis  and  outer 

*  For  a  detjiiled  deiicription  of  the  general  rektions  of  the  Diaphragm^  and  its  action^  refer  to 
Dr.  Sibeon^s  Medical  Anatinnif. 
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Borface  of  the  cord  to  the  scrotum,  where  it  helps  to  form  the  dartos.  As  it 
to  the  scrotum  it  changes  it.s  character,  becoming  thin,  destitute  of  adipose  tissue 
and  of  a  pale  reddish  color,  and  in  the  scrotum  it  acquires  some  involuntary  mus- 
cular fibres.  From  the  scrotum  it  may  be  traced  backward  to  be  continuous  with 
the  superficial  fascia  of  the  perinaeum.  In  the  female  tbis  fascia  is  continued  into 
the  labia  majora.  The  deeper  layer  {fascia  of  Scttrpa)  in  thinner  and  more  mem- 
branous in  character  tliiin  the  siiperficisil  layer.  In  the  middle  line  it  is  intimately 
adherent  to  the  linea  alba;  above,  it  is  continuous  with  the  superficial  fascia  over 
the  rest  of  the  trunk  ;  below,  it  blends  with  the  fascia  lata  of  the  thigh  a  little 
below  Poupart*s  ligament ;  and  below  and  internally  it  is  continued  over  the  penis 
and  spermatic  cord  to  the  scrotum,  where  it  helps  to  form  the  dartos.  From  the 
scrotum  it  may  be  traced  backward  to  be  continuous  with  the  deep  layer  of  tlie 
stipe rficial  fascia  of  the  perinicum.  In  the  female  it  is  continued  into  the  btbia 
major  a. 

The  External  or  Descending  Oblique  muscle  (Fig,  292)  is  situated  on  the  side 
and  fore  part  of  the  abdomen  ;  being  the  largest  and  the  most  supertieial  of  the 
three  flat  muscles  in  this  region.  It  is  broad,  thin,  and  irregularly  qyadrilateral, 
its  muscular  portion  occupying  the  side,  its  aponeurosis  the  anterior  wall,  of  the 
abdomen.  It  arises,  by  eight  fleshy  digitiations,  from  the  external  surface  and 
lower  borders  of  the  eight  inferior  ribs;  the.se  digitations  are  arranged  in  an 
oblique  line  running  downward  and  backward  ;  the  upper  ones  being  attach ed 
close  to  the  cartilages  of  the  correspond mg  ribs  ;  the  lowest,  to  the  a|)ex  of  ihe 
cartilage  of  the  last  rib ;  the  intermediate  ones,  to  the  ribs  at  some  distance  from 
their  cartilages.  The  fiv^e  aujierior  serrations  increase  in  size  from  above  down- 
w  a  r  d ,  an  d  a  re  r ece  i  v  ed  be  t  w  e  en  c  o  r  r  es  }>o  n  il  i  n  g  p  roc  esses  of  the  8  e  r  r  a  t  u  s  m  agn  u  s ; 
the  three  lower  ones  diminish  in  size  from  above  downward,  receiving  between 
them  corresponding  processes  from  the  Latissimus  dorsi.  From  these  attachments, 
the  fleshy  fibres  proceed  in  various  directions.  Those  from  the  lowest  ribs  pass 
nearly  vertically  downward*  to  be  inscrte*!  into  the  anterior  half  of  the  outer  Hp 
of  the  crest  of  the  ilium:  the  middle  and'upper  fibres,  directed  downward  and  for- 
ward, terminate  in  tendinous  fibres,  op|*osite  a  line  drawn  from  the  prominence 
of  the  ninth  costal  cartilage  to  the  anterior  siaperior  spinous  process  of  the  ilium, 
which  then  spread  out  into  a  broad  aponeurosis. 

The  AponeuroBlB  of  the  External  Oblique  is  a  thin,  but  strong  membranous 
aponeurosis,  the  fibres  of  which  are  directed  obliijuely  downward  and  inward,  It 
is  joined  with  that  of  the  opposite  muscle  along  the  mc<liiin  line,  covers  llie 
whole  of  the  front  of  the  abdomen  ;  above,  it  is  connected  with  the  lower  border 
of  the  Pectoralis  major  ;  below,  its  fibres  are  closely  aggregated  together,  and 
extend  obliipiely  across  from  the  anterior  superior  spine  of  the  ilium  to  the  spine 
of  the  OS  pubis  and  the  linea  ilio- pec  tinea.  In  the  median  line  it  interlaces  with 
the  aponeurosis  of  the  opposite  muscle,  forming  the  linea  alba,  which  extends  from 
the  ensiform  cartilage  to  the  symphysis  pubis. 

That  portion  of  the  aponeurosis  which  extends  between  the  anterior  superior 
spine  of  the  ilium  and  the  spine  of  the  os  pubis  is  a  broad  band,  folded  inward, 
and  continuous  below  with  the  fascia  lata ;  it  is  called  Pouparts  iifftimenL  The 
portion  which  is  reflected  fn^m  Poupart's  ligament  at  the  spine  of  the  os  pubis 
along  the  pectineal  line  is  called  Ohnbernaf»  !i<^amettf\  From  the  point  of  attach- 
ment of  the  latter  to  the  pectineal  line,  a  few  fibres  pass  upward  and  inward, 
behind  the  inner  pillar  of  the  ring,  to  the  linea  alba.  They  diverge  as  they  ascend, 
and  form  a  thin,  triangular,  fibrous  band,  which  is  called  the  triangular  ligammi] 
of  the  abdomen. 

In  the  aponeurosis  of  the  External  oblique,  immediately  above  the  crest  of  the 
08  pubis,  is  a  triangular  opening,  the  external  ahdominal  ring^  formed  bv  a  separa- 
tion of  the  fibres  of  the  aponeurosis  in  this  situation. 

Relations. — By  its  external  »uvfar*\  with  the  superficial  fascia,  superficial 
epigastric  and  circumflex  iliac  ves.sels,  and  some  cutaneous  nerves;  by  its  intertial 
gurface,  with  the  Internal  oblique,  the  lower  part  of  the  eight  inferior  ribs,  and 
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Intercostal  muscles,  the  C  rem  aster,  the  spermatic  cord  in  the  male,  and  round  liga- 
ment in  the  female.  Its  posterior  border,  extending  from  the  last  rib  to  the  crest 
of  the  iliimi,  is  iieshy  thronghfiut  aud  free;  it  is  occasionally  overlapped  by  the 
Latisisimiis  dorsi,  though  gt^nerally  a  triangular  interval  exists  between  the  two 
muscles  near  the  crest  of  the  ilium,  in  which  is  seen  a  portion  of  the  internal 
obli(|ue.     This  triangle,   PetiVn  trian^lej  is  therefore  bounded  in  front  by  the 
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Fio.  292.— The  Extcrnul  obUquc muscle. 


External  oblique,  behind  by  the  Latissimus  dorsi,  below  by  the  crest  of  the  ilium, 
while  its  floor  is  formed  by  the  Internal  oblir|ue  (Fig.  287), 

The  following  parts  of  the  a|ioneun>si.s  of  the  Kxternal  oblique  muscle  require 
lobe  further  described  :  viz.  the  ex  tern  nt  abdominal  ring,  the  intereolumnar  fibres 
and  fascia,  Poupart*s  ligament,  (finiliernat's  ligament,  and  the  triangular  ligament 
of  the  abdomen. 

The  External  Abdominal  Eing. — Just  above,  and  to  the  outer  side  of  the  crest 
of  the    OS   pubis,  an   interval  is  seeu  in  the  aponeurosis  of  the  External  oblique,! 
called  the  External  abdominal  rifitf.     The  aperture  is  oblique  in  direction,  Bome*] 
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what  triangular  in  form,  and  corresponds  with  the  course  of  the  fihres  of  the 
aponeuro.sis.  It  usually  measures  from  base  to  apex  about  an  inch,  and 
transve rifely  about  half  an  inch.  It  is  bounded  below  by  the  crest  of  the  os 
pubis;  above,  by  a  series  of  curved  fibres,  the  hiten*ohtmmi}\  which  pass  across 
the  upper  an^le  of  tlie  ring,  so  im  to  increase  its  strength ;  and  on  each  side,  by 
the  margins  of  the  opening  in  the  aponeurosis,  which  are  called  the  columns  or 
pillars  of  the  ring. 

The  external  fiilkr,  which  is  at  the  same  time  inferior  from  the  obliquity  of  its 
direction,  is  the  stronger:  it  is  formed  by  that  portion  of  Poupart*s  ligament 
which  is  inserted  into  the  spine  of  the  os  pubis;  it  is  curved  so  as  to  fomi  a  kind 
of  groove,  upon  which  the  spermatic  cord  rests.  The  internal  or  superior  j>illar 
is  a  broad,  thin,  flat  band  which  is  attached  to  the  front  of  the  symj^hysis  pubis, 
interlacing  with  its  fellow  of  the  opposite  side,  that  of  the  right  side  being  super- 
ficiab 

The  external  abdominal  ring  gives  passage  to  the  spermatic  cord  in  the  male, 
and  round  ligament  in  the  female :  it  is  much  larger  in  men  than  in  women,  on 
account  of  the  large  sixe  of  the  .sperniatic  cord,  and  hence  the  greater  frequency 
of  inguinal  hernia  in  men. 

Tbe  inter  columnar  fibres  are  a  series  of  curved  tendinous  fibres,  which  arch 
across  the  lower  [lart  of  the  aponeurosis  of  the  Externa!  oblique.  They  have 
received  their  name  from  stretchiug  across  between  the  two  pillars  i»f  the  external 
ring,  describing  a  curve  with  the  convexity  downward.  They  are  much  thicker 
and  stronger  at  the  outer  uiargin  of  tlie  external  ling.  where  they  are  connected 
to  the  outer  third  of  Poupart's  ligament,  than  internally,  where  they  are  inserted 
into  the  linea  alba.  They  are  more  strongly  developed  in  the  male  than  in  the 
female*  The  intereoliimnar  fili res  increase  the  strength  of  the  lower  part  of  the 
aponeurosis,  and  prevent  the  divtugeuce  of  the  pillars  fr(»m  one  another. 

These  intcrcolumnar  fibres  as  ihev  pass  across  the  external  abdominal  ring  are 
themselves  connected  together  by  delicate  fibrous  tissue,  thus  forming  a  fascia^ 
which  as  it  is  attached  to  the  pillars  of  the  ring  covers  it  in,  and  is  called  the 
intereohifmutt  finritt.  This  intereoliimnar  fascia  is  continued  down  as  a  tubular 
prolongation  around  the  winter  siirfat'c  of  the  cord  and  testis,  and  encloses  them  in 
a  distinct  sheath;  hence  it  is  also  called  the  external  spermatic  fascia* 

Tlie  jiaeof  !iTi  iuiruiniil  hciTiiu,  m  pasHin^  throMffh  the  exteniul  abdominal  ring,  ret^eives  an 
J  a  vest  meat  rrt>m  the  intcrt'ohimunr  fasfia. 

If  the  finger  is  introduced  a  short  distance  into  the  external  abdominal  ring 
and  the  limb  is  then  extended  and  rotated  outward,  the  aponeurosis  of  the 
Exterruil  tddique,  together  with  tbe  iliac  portion  of  the  fascia  lata,  will  be  felt  to 
become  tense,  and  the  external  ring  n)uch  contracted;  if  the  limb  is  on  the  eon- 
trary  flexed  u[ion  the  pelvis  and  rotated  inward,  this  a  pone  urns  is  will  become  lax 
and  the  external  abdominal  ring  sufficiently  enlarged  to  admit  the  finger  with 
comparative  ease:  hence  the  patient  should  always  be  put  in  the  latter  position 
when  the  taxis  is  applied  for  tbe  recluction  of  an  inguinal  hernia  in  order  that  the 
abdominal  walls  may  be  relaxed  as  much  as  j>ossible. 

Poupart'a  ligament,  or  the  crural  arch,  is  the  lower  border  of  the  aponeurosis  of 
the  External  oblique  muscle,  and  extends  from  the  anterior  superior  spine  of 
the  ilium  to  the  pubic  s]>ine.  From  this  latter  (lotnt  it  is  reflected  outward  to  be 
attached  to  the  pectineal  line  for  about  half  an  inch,  forming  Gimbernat*s  liga- 
ment. Its  general  tlirectiou  is  curved  downward  toward  tlm  thigh,  w^here  it  is 
continuous  with  the  fascia  lata.  Itsouter  half  is  rountled  and  oblique  in  direction. 
Its  inner  half  gradually  widens  at  its  attachment  to  the  os  pubis,  is  more  horizontal 
in  direction,  and  lies  beneath  the  sperumtic  cord. 

Nearly  the  whole  of  the  space  incluthnl  between  the  crural  arch  and  the 
Id  nominate  bone  is  filled  in  by  the  parts  which  descend  from  the  abdomen  into  the 
thigh.     These  will  be  referred  to  again  on  a  subsequent  page. 

Qimbemat's  ligament  is  that  jiart  of  the  aponeurosis  of  the  External  oblique 
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muscle  which  ia  reflected  downward  and  outward  from  the  spine  of  the  oa  pubis 
to  be  inserted  into  the  pectineal  line.  It  is  about  half  ^^n  inch  in  length,  larger 
in  the  male  than  in  the  female,  uhnost  horiKontal  in  direction  in  the  erect 
posture,  and  of  a  tnanguhir  form  with  the  base  directed  outward.  Its  ba.^e, 
or  outer  margin,  is  concave,  thin,  and  sharp,  and  lies  in  contact  with  the  crural 
eheath.  Its  apex  corresponds  to  the  spine  of  the  os  pubis.  Its  posterior  margin 
is  attached  to  the  pectineal  line,  and  is  continuous  with  the  pubic  portion  of  the 
fascia  lata.      Its  anterior  luargin  is  continuous  with  Pen  part's  ligament. 

The  triangular  ligament  of  the  abdomen  is  a  band  of  tendinous  fibres  of  a 
triangular  shape,  which  is  attached  bv  its  apex  to  the  pectineal  line,  where  it  is 
continuous  with  GimbeiTiat's  ligament.  It  passes  inward  beneath  the  spermatic 
cord,  and  expands  into  a  somewhat  fan-shaped  fascia,  lying  behind  the  inner  pillar 
of  the  external  abdominal  ring,  and  in  front  of  the  conjoined  tendon,  and  interlaces 
with  the  ligament  of  the  other  side  at  the  linea  alba. 

DissectioEi— Detach  the  Estenml  oblique  by  dividing  it  across,  just  in  front  of  its  attaeJj- 
ment  to  the  ribs?,  as  far  as  \\b  post-erior  btjrder,  and  i*eparate  it  bellow  from  the  ereBt  of  the  ilium 
a8  far  as  tlie  anterior  suT>erior  spine ;  then  separati^  the  muscle  carefully  from  the  lutenial  oblifiue, 
which  lies  beneath^  and  lurn  it  toward  the  up}>osite  side. 

The  Internal  or  Ascending  oblique  muscle  (Fig.  298),  thinner  and  smaller 
than  the  preceding,  beneath  which  it  lies,  is  of  an  irregularly  (|iiadrilateral  form, 
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Fio.  293.— Th«  iDtern&l  oblkjue  muscle. 


and  situated  at  the  side  and  fore  part  of  the  abdomen.     It  arises,  by  fleshy  fibres, 
from   the  outer  half  of  Poupart's  ligament,  being  attached  to  the  groove  on  its 
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upper  surface;  from  the  anterior  two-thirds  of  the  middle  lip  of  the  crest  of  the 
ilium,  and  from  the  posterior  laraelhi  of  the  lumbar  fascia.  From  this  origin  the 
fibres  diverge:  those  from  Poupart's  ligament,  few  in  number  and  paler  in  color 
than  the  rest,  arch  downward  and  inward  across  the  spermatic  cord,  and,  becoming 
tendinous,  are  inserted,  cunjointlv  with  those  uf  the  Transversal  is,  into  the  crest 
of  the  OS  pubis  and  pectineal  line,  to  the  extent  of  half  an  inch,  forming  what  is 
known  as  the  conjoined  tendon  of  the  Internal  oblique  and  Transvermilis ;  those 
from  ifie  anterior  third  of  the  iliac  origin  are  hurixontal  in  their  direction,  and, 
becoming  tendinous  along  the  lower  fourth  «if  the  linea  semilunaris,  pass  in  front  of 
the  Rectus  muscle  to  be  inserted  into  the  linea  alba;  those  which  arise  from  the 
middle  third  of  the  origin  from  the  crest  of  the  ilium  pass  obliquely  upward  an<l 
inward,  and  terminate  in  an  aponeurosis,  which  divides  opposite  the  linea  semihmaris 
into  two  lamelhe,  which  are  continued  forward,  in  front  and  behind  the  Rectus 
muscle,  to  the  linea  alba,  the  posterif>r  lamella  being  also  connected  to  the  cartilages 
of  the  seventh,  eighth,  and  ninth  ribs  ;  the  most  posterior  fibres  pass  almost 
vertically  upward,  to  be  inserted  into  the  lower  borders  of  the  cartilages  of  the 
three  lower  ribs,  being  continuous  with   the  Internal  intercostal  muscles. 

The  conjoined  tendon  of  the  Internal  oblique  and  Transversalis  is  inserted  into 
the  crest  of  the  os  pubis  and  pectineal  line,  immediately  behind  the  external 
abdominal  ring,  serving  to  protect  what  would  otherwise  be  a  weak  jioint  in  the 
abdominiil  walL  Sometimes  this  tendon  is  insufficient  to  resist  the  pressure 
from  within,  and  is  carried  forward  in  IViUit  of  the  protrusion  through  the  external 
ring,  forming  one  of  the  coverings  of  direct  inguinal  hernia;  or  the  hernia  forces 
its  way  through  the  fibres  of  the  conjoined  tendon. 

The  aponeurosis  of  the  Internal  ohlitpie  is  continued  forward  to  the  middle  line 
of  the  abdomen,  where  it  joins  with  the  aponeurosis  of  the  opposite  muscle  at  the 
linea  alba,  and  extends  from  the  margin  of  the  thorax  to  the  os  pubis.  At  the  outer 
margin  of  the  Bectus  muscle,  this  aponeurosis,  for  the  upper  three-fourths  of  its 
extent,  divides  into  two  lamelke-^  which  pass,  one  in  front  and  the  other  behind 
the  muscle,  enclosing  it  in  a  kind  of  sheath,  and  reuniting  on  its  inner  border  at 
the  linea  alba;  the  anterior  layer  is  blended  with  the  aponeurosis  of  the  External 
oblique  muscle;  the  posterior  layer  with  that  of  the  Transversalis*  Along  the 
lower  fourth  the  aponeurosis  passes  altr>gether  in  tront  of  the  Rectus  without  any 
separation. 

Relations. — By  its  exteriml  ^urface^  with  the  External  oblique,  Latissimua 
dorsi,  spermatic  cord,  and  external  ring;  by  its  internal  surface^  with  the  Trans- 
versalis muscle,  the  lower  intercostal  vessels  and  nerves,  the  ilio-hypogastric  and 
the  ilio-iiiguinal  nerves.  Near  F*oupart\s  ligament  it  lies  on  the  fascia  transversalis, 
internal  ring,  and  spermatic  cord.  Its  lower  border  forma  the  upper  boundary  of 
the  spermatic  canaL 

The  Cremaater  muscle  is  a  thin  muscular  layer,  composed  of  a  number  of 
fasciculi  which  arise  from  the  middle  of  Poupart*s  ligament  at  the  inner  side  of 
the  Internal  oblique,  being  connected  with  that  muscle,  and  also  occasionally  with 
the  Transversj^lis.  It  passes  along  the  outer  side  of  the  spermatic  cord,  descends 
with  it  through  the  external  abdominal  ring  upon  the  front  anil  sides  of  the  cord, 
and  forms  a  series  of  loops  which  differ  in  thickness  and  length  in  different  subjects. 
Those  at  the  upper  [mrt  of  the  cord  are  exceedingly  short,  but  they  become  in 
succession  longer  and  longer,  the  longest  reaching  down  as  low  as  the  testicle, 
where  a  few  are  inserted  into  the  tunica  vaginalis.  These  loops  are  united 
together  by  areolar  tissue,  and  form  a  thin  covering  over  the  cord  and  testis,  the 
fascia  rrcmaHteriva,  The  fibres  ascend  abuig  the  inner  side  of  the  cord,  and  are 
inserted  by  a  small  pointed  tendon  into  the  crest  of  the  os  pubis  and  front  of  the 
sheath  of  the  Rectus  muscle. 

It  will  be  observed  that  the  origin  and  insertion  of  the  Cremaster  is  precisely 
similar  to  that  of  the  lower  fibres  of  the  li*ternal  oblique.  This  fact  affords  an  easy 
explanation  of  the  manner  in  which  the  testicle  and  cord  are  invested  by  this 
muscle.     At  an  early  period  of  fa;tal  life  the  teatis  is  placed  at  the  lower  and  back 
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part  t^f  the  abdummat  cavity,  but  during  its  descent  toward  the  scrotum,  which 
takes  p)lace  before  birth,  it  passes  beneath  the  arched  fibres  of  the  Internal  oblique. 
In  its  pa.sgaji;e  beneath  this  muscle  ^oiue  fibres  are  derived  from  its  lower  part 
which  accompany  the  testicle  and  cord  into  the  scrotum.  It  occasionally  happens 
that  the  loops  of  the  Cremaster  surround  the  cord,  some  lying  behind  as  well  vl^  in 
front.  It  is  probable  that  under  these  circumstances  the  testis,  in  its  descent, 
passed  through  instead  of  beneath   the  fibres  of  the  Internal  obliijue. 

In  the  descent  of  an  oblique  in^^uinal  hernia,  which  lakes  the  same  course  as 
the  spermatic  cord,  the  Cremaster  muscle  forms  one  of  its  coverings.  This  muscle 
becomes  largely  developed  in  cases  of  hydrocele  and  large  old  scrotal  hernia.  No 
such  muscles  exist  in  the  female,  but  an  analogous  structure  is  developed  in  those 
cases  where  an  oblique  inguinal  hernia  descends  beneath  the  margin  of  the  Internal 
oblique. 

Dissection.— DetM'h  the  Internal  oblique  in  order  to  exfxise  the  Trrtnsversalis  iK'neath.  This 
may  l>e  effected  by  dividing  the  muscle,  alxjve,  at  its  attacfiTiieiit  to  the  ribs;  l>eli>w>  at  its  eou- 
nectit)n  with  Poimart's  ligament  and  the  crest  of  the  ilium  ;  nud  behind,  by  a  vertical  incision 
extending  from  the  last  rib  to  the  crest  of  the  ilium.  The  muscle  should  previously  be  made 
tense  by  drawing  upon  it  with  the  fingers  of  the  leiY  hand,  and  if  its  division  m  carefully  effet^ted* 
the  cellular  interval  between  it  and  the  Transversa  I  is,  as  well  as  the  direction  of  rlie  fibres  of  the 
latter  muscle,  will  afford  a  clear  guide  to  iheir  separation ;  along  the  t'rei>t  of  the  ilium  the  cir- 
ciinifiex  iliac  vessels  are  inter|)osed  between  them,  and  form  an  imp4irtant  guide  ia  sepatiiting 
tliem.     The  raus4:*Ie  sliould  then  be  thrown  forward  toward  the  linea  alba. 

The  Transversalis  muscle  (Fig.  294),  so  called  from  the  direction  of  its  fibres,  is 
the  most  internal  Hat  muscle  of  the  abdomen,  being  placed  immediately  beneath 
the  Internal  oblique.  It  arises  by  fleshy  fibres  from  the  outer  third  of  Pou]>art's 
ligament;  from  the  inner  lip  of  the  crest  of  the  ilium  for  its  anterior  three- 
fourths  ;  from  the  inner  surface  of  the  cartilages  of  the  six  lower  ribs,  interdigitating 
with  the  Diaphragm  ;  and  by  the  middle  layer  of  the  lumbar  fascia  {ponterior  apon- 
eurosia  of  the  muscle  itself)  from  the  tips  of  the  transvere  processes  of  the  lumbar 
vertebra\  The  muscle  terminates  in  front  in  a  broad  aponeurosis,  the  lower  fibres 
of  which  curve  downward  and  inward,  and  are  inserted,  together  with  those  of 
the  Internal  oblitjue,  into  the  lower  part  of  the  linea  alba,  ttie  erest  of  the  os 
pubis  and  pectineal  line,  fonniiig  what  is  known  as  the  conjoined  tendon  of  the 
Internal  oblique  and  Transversalis.  Throughout  the  rest  of  its  extent  the  apon- 
eurosis passes  horizontally  inward,  and  is  inserted  into  the  linea  alba  :  its  upper 
tbree-fourtbs  passing  bebind  tbe  Rectus  muscle,  blending  with  the  posterior  lamella 
of  the  Internal  oblique;   its  lower  fourth  passing  in  front  of  the  Rectus. 

Belations. — By  its  erffrnal  surfa(u%  with  tbe  Internal  fiblique,  and  tbe  inner 
surface  of  the  cartilages  of  the  lower  ribs;  by  its  rfiU'ruaf  aurfitt'e,  with  the  fascia 
transversalis,  which  separates  it  from  the  peritoneum*  Its  lower  border  forms  the 
upper  boundary  of  the  spermatic  canal. 

Dissection. — To  expose*  llie  Uectun  inuscle,  open  its  sheath  by  a  vertical  incisinn  extendi me^ 
froui  the  mar^irj  of  the  tliorax  to  the  tjs  pubis,  and  then  refliji-t  the  tw*j  portions  tr*mi  thesiirfuee 
of  the  nuiw'le,  which  is  easily  done,  excepting  at  the  line<e  transverRa?,  w'hcre  m  close  an 
adhesion  exists  that  the  ^^reatejiit  care  is  reijuisite  in  separaliuL'  them.  Now  raise  the  outer  ed^^e 
of  the  mas4;k%  in  order  to  examine  the  posterior  layer  id'  the  sheath.  By  dividing'  the  mas4*le  in 
the  eentre,  and  turning  its  lower  part  downwani  the  point  where  the  posterior  wall  of  the 
sheath  termitiutes  in  a  thin  curved  margin  will  be  seen. 

The  Rectus  abdominis  is  a  long  flat  muscle,  which  extends  along  the  whole 
length  of  the  front  of  tbe  abdotnen.  being  separated  from  its  fellow  of  the  opposite 
side  by  the  linea  alba.  It  is  much  broader,  but  thinner,  above  thun  below,  and 
arises  by  two  tendons,  tbe  external  or  larger  being  attached  to  the  rrest  of  the  (*s 
pubis,  the  internal,  smaller  portion  interlacing  with  its  fellow  of  the  opposite  side, 
and  being  connected  with  tbe  ligaments  covering  the  front  of  the  symphysis  pubis. 
The  fibres  ascend,  and  the  muscle  is  inseiled  by  three  portions  of  unequal  size 
into  the  cartilages  of  the  fifth,  sixth,  and  seventh  ribs.  Some  fibres  are  occasion- 
ally connected  with  the  costo-xiphoid  ligaments  and  side  of  tlie  ensit\>rm  cartilage. 

The  Rectus  muscle  is  traversed  by  teinlinous  intersections,  three  in  number. 


it,  and  are  intimately  atlherent  in  front  to  the  sheath  in  which  the  muscie  is 
enclosed. 

The  Rectus  is  enclosed  in  a  sheath  (Fi^  295)  foi-med  by  the  aponeurxxses  of  the 
(>hlif[tie  and  Transvemilis  miLsclos,  which  are  arranj^ed  in  the  foUowing  manner. 
Whi^n  the  ajxmeiirosii?  of  tlie  Internal  ol>li<|oe  arrives  at  the  outer  margin  of  the 
Rectus,  it  divides  into  two  himelhe,  one  of  whieli  passes  in  front  of  the  Rectus, 
hlctidiug  with  the  aponeun*sis  of  the  External  obliijuc:  the  other,  behind  it, 
blending  with  the  aponeurosis  of  the  Transversalis;  and  these,  joining  again  at  its 
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inner  border,  are  inserted  into  the  linea  a!l>a.  This  arrangement  of  the  aponeuroses 
exists  along  the  upper  three-foiirthfi  of  tlie  muscle:  at  the  comraencenient  of  the 
lower  fourth,  the  posterior  wall  of  the  sheath  terminates  in  a  thin  curved  margin, 
the  semilunar  fold  of  Douglas,  the  concavity  of  which  looks  downward  toward 
the  pubes;  the  aponeuroses  of  all  three  muscles  passing  in  front  of  the  Rectus 
without  any  separation.  The  extremities  of  the  fold  of  Dtniglas  descend  as  pillars 
to  the  OS  fiubis.  The  inner  pillar  is  attached  to  the  symphysis  pubis  :  the  outer 
pillar,  which  is  named  by  Braune  the  ligament  *>f  Hesselhach.  dividt^s  below  to 
enclose  the  internal  abdominal  ring;  the  internal  fibres  are  attached  to  the 
horizontal  ramus  of  the  os  pubis  and  the  pectineal  fascia;  the  external  ones  pass 
to  the  Psoas  fascia  and  to  the  Transverealis  where  it  arises  from  Poupart*s 
ligament  on  the  outer  side  of  the  ring.     The  Rectus  muscle,  in  the  situation 


?Afri 


Fig.  295^— a  iranATenic  section  of  the  abdomeu  in  the  lumbar  region. 

where  its  sheath  is  deficient^  is  separated  from  the  peritoneum  by  the  trans versalis 
fascia. 

The  Pyramidalifl  is  a  small  muscle,  triangular  in  shape,  placed  at  the  lower 
part  *)f  the  abdomen,  in  front  of  the  Rectus,  and  contained  in  the  snme  sheath 
with  that  miisele.  It  arises  by  tendinous  fibres  from  the  front  of  the  os  pubis 
and  the  anterior  pubic  lifl:ament;  the  lleshy  portion  of  the  muscle  passes  upward, 
diminishing  in  size  as  it  aseemls,  and  terminates  by  a  jtointcd  extremitw  which  is 
inserted  intf>  the  linea  alba,  midway  between  the  uudiiliens  and  tlie  ns  pubis.  This 
muscle  is  sometimes  found  wanting  on  one  or  both  sides;  die  lower  end  of  the 
Rectus  then  becomes  projjortionately  increased  in  size.  Occasionally  it  has  been 
found  double  on  one  side,  or  the  muscles  of  the  two  sides  are  of  unequal  size. 
Sometimes  its  length  exceeds  what  is  stated  above. 

Relations* — Its  anterior  mirfaee  is  covered  by  the  sheath  of  the  Rectus.  Its 
postfrrior  Hurfac*'  rests  against  the  Rectus  itself.  To  expose  the  Pyramidal  is. 
make,  throufjh  the  skt-ath  of  the  Rectus,  a  vertical  incision  the  lower  end  of 
which  should  begin  just  a  little  to  one  side  of,  and  on  a  level  with,  the  m/mphf/Hiif 
piifiiii. 

Nerves.-— The  abdominal  muscles  are  su|iplied  by  the  lower  intercostal  nerveg. 
The  Internal  oblique  also  receives  a  filament  from  the  ilio-inguinal  nerve.  The 
Oremaster  is  siqiplied   by   the  genitui   branch   of  the   (lenito-crural. 

In  the  description  of  the  abd<uninal  muscles  mention  has  freijuently  been  made 
of  the  linea  alba,  liue:e  semilunares,  and  linei^e  transverst^;  when  the  dissection  of 
the  muscles  is  completed  these  structures  should  be  examined. 

The  linea  alba  is  a  tendinous  raphe  seen  ahmg  themitldle  line  of  the  abdomen, 
extending  from   the   ensiform  cartilage  to  the  symphysis  pubis,  to  which   it  is 
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attached.  It  is  placed  between  the  inner  borders  of  the  Recti  rauscles,  and  is 
fnrracd  by  the  blending  of  the  aponeuroses  of  the  Obliqiii  and  Transver.sales  miiselejs. 
It  is  narrow  behnv,  corresponding  to  the  narrow  interva!  existing  between  the 
Recti ;  hut  broader  alcove,  iis  these  tntjscles  diverge  from  nne  unother  in  their 
ascent,  becoming  of  considerable  brearltb  after  great  distension  of  the  abdomen  from 
pregnancy  or  ascites.  It  presents  nnmerons  apertnres  for  the  passage  of  vessels 
and  nerves:  tbe  largest  of  these  is  tlie  umbilicus,  which  in  tlie  ftetus  transmits  the 
umbilical  vessels,  but  in  the  adult  is  olditerated^  the  cicatrix  being  stronger  than 
the  ncigb boring  parts  ;  hence  umbilical  hernia  occurs  in  the  adult  ttvar  the 
lunbilicus,  whilst  in  the  feet  us  it  (M-ruJs  at  the  umbilicus.  The  linea  alba  is  in 
relation,  in  front,  with  the  integument,  to  which  it  is  adherent,  especially  at  the 
umbilicus ;  behind,  it  is  separated  from  the  peritoneum  bv  tlie  transversal  is  fascia  : 
and  below,  by  the  urachns,  and  the  bladder  when  that  organ  is  distended. 

The  Mneae  semilunares  are  two  curved  tendinous  lines  |  laced  one  on  each  side 
of  the  linea  alba  Each  corresponds  with  the  outer  border  of  the  Rectus  muscle, 
extends  from  the  cartilage  of  the  ninth  rib  to  the  pubic  sfiine,  and  is  formed  by 
the  aponeurosis  of  the  Internal  obli^tue  at  its  point  of  division  to  enclose  the 
Rectus,  where  it  is  reinforced  in  front  by  the  External  oblique  and  behind  by  the 
Transversal  is. 

The  lineae  transversa  are  three  narrow  transverse  lines  which  intersect  the 
Recti  muscles,  as  already  mentioned;  they  connect  the  linei^e  semilunares  with  the 
linea  alba. 

ActioES. — The  abdominal  muscles  perform  a  threefold  action: 

When  the  pelvis  and  thorax  are  fixed*  they  Cf*mpress  the  abdominal  viscera,  by 
constricting  the  cavity  of  the  abdomen,  in  which  acrii>n  they  are  materially  assisted 
by  the  descent  of  the  diaphragm.  By  these  mciins  the  ftetus  is  expelled  from  the 
uterus,  the  feces  from  the  rectum,  the  urine  frtmi  the  bladder,  and  the  contents  of 
the  stomach  in  vomiting. 

If  the  pelvis  and  spine  are  lixed,  these  muscles  compjress  the  lower  part  of  the 
thorax,  materially  assisting  exj)iration.  If  the  pelvis  alone  is  fixed,  the  thorax  is 
bent  directly  forward  when  the  muscles  of  both  sides  act,  or  to  eitlier  side  when 
those  of  the  two  sides  act  alternately,  rotation  of  the  trunk  at  the  same  time  taking 
place  to  the  opposite  side. 

If  the  thorax  is  fixed,  these  muscles,  acting  together,  draw  the  pelvis  upward, 
as  in  climbing;  or,  acting  singly,  they  draw  the  pelvis  upward,  and  rotate  the 
vertebral  column  to  one  side  or  the  other.  The  Recti  muscles,  acting  from  below, 
depress  the  thorax,  and  consequently  flex  the  vertebral  column;  when  acting  from 
above,  they  Hex  the  pelvis  upon  the  vertebral  column.  The  Pyramidales  are 
f tensors  of  the  linea  alba. 

The  fascia  transversalis  is  a  tliin  aponeurotic  mcmltrane  which  lies  between 
the  inner  surface  of  the  Transversalis  muscle  and  the  ])eritoncutn.  It  forms  part 
of  the  general  layer  of  fascia  which  lines  the  interior  of  the  abdominal  and  pelvic 
cavities,  and  is  directly  continnous  with  the  iliac  anil  pelvic  fascia*.  In  the  inguinal 
region  the  transversalis  fascia  is  thick  and  dense  in  structure,  and  joined  by  fibres 
from  the  aponeurosis  of  the  Transversalis  muscle,  but  it  becomes  thin  and  cellular 
as  it  ascends  to  the  diaphragm.  Below,  it  has  the  following  attachments  :  external 
to  the  fejnoral  vessels  it  is  connected  to  the  posterior  margin  of  Poupart's  ligament, 
and  is  there  continiions  with  the  iliac  tiiscia.  Internal  to  the  femoral  vessels  it  is 
thin  and  attached  to  the  os  pubis  and  pectineal  line,  behind  the  conjoined  tension, 
with  which  it  is  united  ;  and,  corresponding  to  the  point  where  the  femoral  vessels 
pass  into  the  thigh,  this  fascia  descends  in  front  of  them,  forming  the  anterior 
wall  of  the  crural  sheath.  The  sj^ermatic  cord  in  the  male  and  tlie  round  ligament 
in  the  female  pass  through  this  fascia :  the  point  where  they  pass  through  is  called 
the  internal  abdominal  ring.  This  opening  is  not  visible  externally,  owing  to  a 
prolongation  of  tlie  transversalis  fascia  on  the  structures,  forming  the  infundib- 
uliform  process. 

The  intemal  or  deep  aMammal  ring  is  situated  in  the  transversalis  fascia. 
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midway  between  the  anterior  superior  spine  of  the  ilium  and  the  spine  of  the  os 
jmbis,  and  about  half  an  inch  above  Pnujnirt^s  ligament.  It  is  of  an  oval  form, 
the  extremities  of  the  oral  directed  upward  and  downward*  varies  in  size  in  different 
subjects,  and  is  much  larger  in  the  male  than  in  the  fomale.  It  is  bounded,  above 
and  externally,  by  the  aruhed  fibres  of  the  Transversal  is  ;  below  and  internally,  by 
the  deep  epigastric  vessels.  It  transmits  the  spermatic  cord  in  the  male  and  the 
round  ligament  in  the  female.  From  its  circumference  a  thin  funnel-shaped 
membrane,  the  infundibiiUform  faseia^  is  continued  round  the  cord  and  testis, 
enclosing  them  in  a  distinct  pouch. 

When  the  mc  of  an  oblique  injzuinal  hernia  passes  throu^d)  the  internal  or  deep  abdoiuinal 
ring>  the  in  fundi  balitbnu  process  of  the  transversalis  fasuia  furuis  one  of  its  coverings. 

The  inguinal  or  spermatic  canal  contains  the  spennatic  cord  in  the  male  and 
the  round  ligament  in  the  female.  It  is  an  oblique  canal  about  an  inch  and  a  half 
in  length,  directed  downward  and  inward,  and  placed  parallel  to  and  a  little  above 
Fuupart's  ligament.  Iicummences  above  at  the  internal  or  deep  abdominal  ring, 
which  is  the  point  where  the  cord  enters  the  spermatic  canal,  and  terminates  below 
at  the  external  ring.  It  is  bounded  in  front  by  the  integument  and  superficial 
fascia,  by  the  aponeurosis  of  the  External  obli^jue  throughout  its  whole  length,  and 
by  the  Internal  ohlitjue  for  its  outer  third  ;  behind,  by  the  triangular  ligament,  the 
conjoined  tendon  of  the  Internal  oblirjue  and  Transversalis^  transversalis  fascia, 
and  the  subperitoneal  fat  and  peritoneum;  above,  by  the  arched  fibres  of  the 
Internal  oblique  and  Transversalis  j  below,  by  the  union  of  the  fascia  transversalis 
with  Pou part's  ligament. 

That  form  of  prtjtnision  in  wliich  the  intestine  follows  the  course  of  the  spermatic  cord 
along  the  spennatic  canal  is  called  oblique  inguinal  hernia. 

The  Deep  Gniral  Arch. — Passing  across  the  front  of  the  crural  arch,  on  the 
abdominal  side  of  Poupart's  ligament  and  closely  connected  with  it,  is  a  thickened 
band  of  fibres  called  the  deep  crural  arch.  It  is  apparently  a  thickening  of  the 
fascia  transversalis,  joining  externally  to  the  centre  of  Poupart*s  ligament,  and 
arching  across  the  frunt  of  the  crural  sheath  to  be  inserted  by  a  broad  attachment 
into  the  pectineal  line,  behind  the  conjoined  tendons.  In  some  subjects  this 
structure  is  not  very  prominently  marked,  and  not  unfrequently  it  is  altogether 
wanting. 

Surface  Form. — ^The  oaly  two  muscles  of  this  jtrronp  wliit'h  have  any  considenible  ini!u- 
ence  on  surfat^e  form  are  the  Hxterniil  obliriae  and  Hei'tus  miustles  of  the  alxloinerj.  With 
regard  to  the  External  oblique,  the  upper  digitations  of  its  origin  from  the  ribs  are  well  iQarked, 
intermingled  with  the  serrations  of  the  Sernitus  ma^mns;  tlie  lower  digital  ions  are  not  visible, 
btiin^  covered  by  the  thick  border  of  the  Latissimus  dorsi.  Its  atUu-hment  to  the  crcist  of  the 
ilium,  in  conjunction  with  the  latcniid  obH<jne,  forms  a  thick  ohfiijue  roll,  which  detennmes  the 
iliac  furrow.  SometimecS  on  the  front  oi'  the  lateral  n*gion  of  the  sthdomen  an  undulating  out- 
line markH  the  spot  where  the  muscular  tibras  terminate  and  the  aponeurosis  commences.  The 
outer  border  of  the  Rectus  is  defined  by  the  imt'a  Ai'mihtmrris^  which  may  be  exactly  defined  by 
puttintr  the  moscle  into  action.  It  corresponds  with  a  earvcnl  fine,  with  its  convexity  outward, 
drawn  from  the  lowest  part  of  the  cartilage  of  the  seventh  rib  to  the  spine  of^  the  os  pubis,  so 
that  the  eentre  of  the  line,  at  or  near  the  umbilicus,  is  three  inches  from  the  median  liiic.  The 
inner  border  of  the  Rectus  corres^Miads  to  the  lintti  ttlhft,  marked  on  the  aurface  of  the  Uidy  by 
a  ^'roove,  tha  nlMfifminfil  furrow^  which  extends  from  the  inCrasternal  lossa  to,  or  to  a  little  below, 
the  umbilicus^  where  it  pradually  becomes  lost*  The  surface  of  the  Uectus  pre^^ents  three  trans- 
verse furrows,  the  iin^r  trnjisverm*.  The  uj)i>er  two  of  these,  one  opposite  or  a  little  U^ow  the 
tip  of  the  ensiibrm  eartilaire,  and  another^  midwav  between  this  ^>oiat  and  the  umbilicus*  are 
usually  well  marked ;  the  third,  opposite  the  umbilicus,  is  not  so  disthict.  The  umbilicus,  situ- 
ated in  the  linca  alba,  varies  very  inueh  in  position  as  rejtrards  its  height.  It  is  always  situated 
above  a  zone  drawn  round  the  huh  opposite  tlie  hJLdicst  f>oiiit  of  the  ci*e8t  of  tbe  ilium,  gene- 
rally being  about  three-quarters  of  an  inch  to  an  inch  alMive  this  line.  It  generally  corresponds, 
tbeiefore,  to  the  tibro-curtilage  l>etweeii  the  third  ami  fourth  lumbar  vertebne. 

Deep  Muscles  of  the  AbdomeQ. 

Psoas  parvus.  Iliacus. 

Psoas  magnus.  (Juadratas  lumborum. 
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The  Psoas  raagnus,  the  Psoas  parvus,  and  the  lliacus  muscles,  with  the  fascia 
covering  them,  will  he  described  with  the  ^luseles  of  the  Lower  Extremity  (see 
page  5«4). 

The  Fascia  covering  the  Quadratus  Lumborum.— This  is  the  most  anterior  of  the 
two  hivers  of  fitseia  wliieh  are  ^iven  off  troiii  the  anterior  or  deep  s^orfuee  of  the  him- 
bar  fascia  (see  page  483).  It  is  a  thin  layer  of  iascia  (part  of  traunrermUn  fasiva), 
whieh,  passing  over  the  anterior  surface  of  the  Quadratus  luniboruuK  is  attached, 
internally,  to  the  anterior  surface  of  the  transverse  processes  of  the  lumbar  verte- 
bne ;  below  to  the  ilio-himbar  ligament ;  and  above,  to  the  apex  and  lower  bonier 
of  the  last  rib. 

The  portion  of  this  faseia  which  extends  from  the  transverse  process  uf  the 
first  lumbar  vertebra  to  the  apex  and  lower  border  of  the  last  rib  constitutes  the 
ligaraenttun  arcuatura  externum. 

The  Quadratus  lumbonim  (Fig.  288,  ]jage  485)  is  situated  in  the  lumbar  region. 
1 1  i  s  i  r  r  eg  t  d  a  t  1  y  ( p  i  ;w  I  r  i  I  a  te  ra  I  i  n  sh  a  p  e .  a  n  <  1  b  road  e  r  h  e  1  o  \\  i\\  n  n  ab< » v  e »  1 1  a  ri  ses  by 
aponeurotic  fibres  from  the  ilio-liimbar  ligament  ami  the  jwJjaccnt  )»ortion  of  the 
crest  of  the  ilium  for  about  two  inches,  and  is  inserted  into  the  lower  horde r  <d'  the 
last  rib  for  about  half  its  length  and  by  four  small  lendons,  into  the  apices  of 
the  transverse  processes  of  the  four  upper  lumbar  vertebra.  Occasional ly  a  second 
portion  of  this  muscle  is  found  situated  in  front  of  the  preceding,  This  arises  from 
the  u]>per  borders  of  the  transverse  jn'oeesses  of  tlit/  bunhju'  vertebne.  and  is  inserted 
into  the  lower  margin  of  the  last  rib.  The  Quadratus  luudmruni  is  contained  in  a 
sheath  formed  by  the  anterior  and  middle  himelhe  of  the  lumbar  fasciie. 

Relations.— Its  ftnferior  Miirftttr  (or  rather  the  fascia  which  covers  its  anterior 
surface)  is  in  relation  with  the  colon  and  the  kidney.  Its  posterior  warfare  is  in 
relation  with  the  middle  lamella  { pottterior  apoftf>urf*Hi'ii  of  the  Transversal  is  muscle) 
of  the  hnnbar  fusciu,  wliieh  separates  it  from  the  Erector  spinte.  The  (Quadratus 
lumborum  extrmls.  however,  lieyond  the  outer  border  of  the  Erector  spime. 

Nerve-supply.' — Tlie  anterior  branch i-s  of  the  lumbar  nerves. 

Actions.— The  Quadratus  lumborum  draws  down  the  last  rib,  and  acts  as  a 
muscle  of  inspiration:  jind,  at  the  same  time,  by  fixing  the  last  rib,  it  opposes 
the  tendfMicy  of  tlie  Oiapliragm  to  draw  it  upwanl,  and  thus  it  becomes  an  ifufiist' 
ant  to  inspiration.  If  the  thorax  and  spine  are  fixed,  it  may  act  upon  tlie  pelvis, 
raising  it  towanl  its  own  side  when  only  one  must-U*  is  put  in  action  :  and  when 
both  muscles  act  together,  either  from  below  or  above,  they  flex  the  trunk. 

Muscles  of  the  Pelvic  Outlet  or  of  the  Ischio-rectal  Region  and  Perinseum. 


('orrugator  cutis  ani, 
Extenud  sjihincter  ani. 


Internal  sphincter  ani. 
Levator  ani. 


lii  JM.', 


f  Trarjsve 
I  Accel  em 


Coccygeus. 


ersus  perintPi. 
at  or  urime. 


Erector  jienis. 


]  En 


Iti  Femfili', 


f  Transversus  peri  me  i. 
I  Sphincter  vagjme. 
I  Erector  clitoridis, 
1^  Compressor  uvetlini?. 


.om pressor  uvei 


imyu^essor  urethne. 

The  Corrugator  Cutis  Ani. — Around  the  anus  is  a  thin  stratum  of  involuntary 
muscular  fibre,  which  stirronnds  It  in  a  radiating  nmnner.  Intel  nally,  the  fibres 
fade  oft'  into  the  submucous  tissue,  whilst  externally  they  blend  with  tlii'  true  skin. 
By  its  contraction  it  raises  the  skin  into  ridges  radiating  from  the  margin  of  the  anus. 

The  Erteraal  sphincter  ani  is  a  thin,  flat  plane  of  nniseular  fibres,  elliptical  in 
shape  and  intimately  adherent  to  the  integument  siirrtuinding  tlie  margin  of  the 
anus.  It  nieasuies  about  three  or  four  inches  in  length  tVoui  its  anterior  to  its 
posterior  extremity,  being  about  jiu  inch  in  lireadth  ivpposite  tlie  anus.  It  arises 
from  the  tip  of  the  coccyx  by  a  narrow  tendinous  hand,  and  from  the  superficial 
fascia  in  front  of  that  hone;  and  is  inserted  into  tin.'  central  tendinous  point  of  the 
perinieum,  joining  with  the  Transversus  perinici,  the  Levator  ani,  and  tlie  Accelera- 
tor urint^.     Like  other  sphincter  muscles,  it  consists   of  two  planes  of  muscular 
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fibre,  which  surround  the  margin  of  the  anus,  and  join  in  a  commissure  in  front 
and  behind. 

l^erre-supply. — A  branch  from  the  anterior  ilivission  of  the  fourth  sacral  and 
the  inferior  hiemorrhoidal  branch  of  the  interiuil  pudic- 

Actions. — The  action  of  this  mui^ele  is  peculiar:  1.  It  is,  like  other  mnscles, 
always  in  a  state  of  tonic  contraction,  and  having  no  antagonistic  muscle  it  keeps 
the  anal  orifice  closed.  2.  It  can  be  put  into  a  condition  ftf  greater  contractior 
under  the  influence  of  the  will,  so  as  to  more  firmly  occlnde  the  anal  aperture, 
3a  Taking  its  fixed  point  at  the  coccyx,  it  helps  to  fix  the  central  point  of  the 
perinteum.  so  that  the  Accelerator  may  act  from  this  fixed  point- 

The  Internal  sphincter  is  a  muscular  ring  which  surrounds  the  lower  extremity 
of  the  rectum  for  about  an  inch,  its  inferior  border  being  contiguous  to,  but  «|uite 
sefiarate  from,  the  External  sphincter*  This  muscle  is  about  two  lines  in  thickness, 
ami  is  formed  by  an  aggregation  of  the  invohmtary  cireidar  fibres  of  the  intestine. 
It  is  paler  in  color  and  less  coarse  in  texture  than   the  External  sphincter. 

Actions, — Its  action  is  entirely  involuntary.  It  helps  the  External  sphincter 
to  occlude  the  anal  aperture. 

The  Legator  ani  {Fig.  29t5)  is  a  broad,  thin  muscle,  situated  on  each  side  of  the 
pelvis.     It  is  attached  to  the  inner  surface  of  the  sides  of  the  true  pelvis,  and 
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descending  unites  with  its  fellow*  of  the  opposite  side  to  fojTu  the  floor  of  the  pelvic 
cavity.  It  supports  the  viscera  in  this  cavity  ami  surrounds  the  various  strtjctures 
which  pass  through  it.  It  arises,  in  front,  from  the  posterior  surface  of  the  body 
and  ramus  of  the  os  pubis  on  the  outer  side  r>f  the  symphysis;  posteriorly,  from 
the  inner  surface  of  the  spine  of  tlie  ischium  :  and  between  these  two  points  from 
the  angle  of  division  between  the  oljturatrjr and  recto-vesical  layers  of  the  pelvic 
fascia  at  their  under  part.  The  fibres  pass  downward  to  the  middle  line  of  the  floor 
of  the  pelvis,  and  are  inserted,  the  most  posterior  into  the  sides  of  the  apex 
of  the  coccyx:  those  }jlaced  njore  anteriorly  unite  with  the  muscles  of  the  opposite 
side,  in  a  median  fibr^Mis  rafihe,  wbieh  extends  between  tbeeoecyxand  t be  margin 
of  the  anus.     The  middle  fibres,  whieh  form  the  larger  portiou  of  the  muscle,  are 
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inserted  iato  the  side  nf  the  rectyin,  blending  with  the  fibres  of  the  Sphincter 
muscles ;  lastly,  the  aiiterifir  fibres,  the  longest,  descend  upon  the  side  of  the 
pr<jstule  gland  to  unite  heneatb  it  with  the  muscle  of  the  opposite  side,  blending 
with  tht^  fibres  of  the  External  sfdunoter  and  Transversus  perina?i  muscles  at  the 
central  tendinous  [>oint  of  the  perin^eum. 

The  anterior  portion  is  occasionally  sepai-ated  from  the  rest  of  the  muscle  by 
connective  tissue.  From  this  circumstance,  as  well  as  from  its  peculiar  relation 
with  the  prostate  glatid,  descending  by  its  side,  and  surrounding  it  as  in  a  sling, 
it  has  been  described  by  Santorini  aud  others  as  a  distinct  muscle,  under  tbe  naiue 
of  Levator  prosfatte.  In  the  female,  tbe  anterior  fibres  of  the  Levator  oni  descend 
upon  the  side  of  the  vagina. 

Relations. — By  its  inner  or  pelvh  nurfttre,  with  tbe  recto-vesical  fascia,  which 
aeparatcin  it  from  the  viscera  of  the  pelvis  and  from  tbe  })eritoneum.  By  its  outer 
or  perineal  fturfare^  it  forms  the  inner  boundary  of  tbe  ischio-reetal  fo.ssa,  and  is 
covered  by  a  thin  layer  of  fascia,  the  ischio-reetal  or  ana!  fascia ^  given  oft'  from  tlie 
obturator  fascia.  Its  posterior  border  is  continuous  with  tbe  Coccygeus  muscle, 
lis  anterior  border  in  separated  from  the  ninscle  of  tbe  opposite  side  by  a  triangular 
space,  through  which  tbe  urethra,  and  in  tbe  female  the  vagina,  passes  from  the 
pelvis. 

Nerve-supply. — ^A  branch  from  tbe  anterior  division  of  the  fourth  sacral  nerve. 

Actions. — Tbis  muscle  suj)f)orts  tbe  lower  end  of  the  rectum  and  vaginij,  and 
also  the  bladder  during  the  efiorts  of  expulsion.  It  elevates  and  inverts  tbe  lower 
end  of  the  rectum  after  it  has  been  protruded  and  everted  during  the  expulsion  of 
the  fs^ees.     It  is  also  a  muscle  of  forced  expiration. 

The  Coccygeua  is  situated  bebind  an^l  [jarullel  with  the  preceding.  It  is  a  tri- 
angular  plane  of  muscidar  and  temltnous  fibres,  arising,  by  its  apex,  fiom  the 
spine  of  tbe  ischhiui  and  lesser  sacro-sciatic  ligauient,  and  inserted,  by  its  base, 
into  the  margin  of  the  coccyx  and  into  the  side  of  tbe  lower  piece  of  the  sacrunu 
Tbis  muscle  is  continuous  with  tbe  posterior  border  of  tbe  Levator  ani,  and  closes 
in  tbe  Itack  part  of  tbe  outlet  of  tbe  pelvis. 

Relations. — By  its  inner  or  pelrie  mirfftre.  with  I  he  rectum;  by  its  extrrmd 
»urfoet\  with  tbe  lesser  sacro-sciatic  ligament;  by  its  jWitferiffr  Iwrder,  with  tbe 
Pyriiorrnis. 

Nerve-supply. — A  branch  from  the  fourth  and  fifth  sacral  nerves. 

Action. — The  Coccygei  muscles  raise  and  support  the  coccyx  after  it  has  been 
pressed  backward  during  defecation  or  parturition. 

Superficial  Fascia, — Tiie  su|ierficial  fascia  of  the  perins&ura  consists  of  two 
layers,  superficial  an<l  deep,  as  in  other  regions  fif  the  body. 

The  s^iiperfiria!  hnpr  is  thick,  loose,  areohxr  in  texture,  and  contains  much 
adipose  tissue  in  its  meshes,  tbe  amount  of  which  varies  in  diflerent  subjects.  lu 
front,  it  is  continuous  with  the  dartos  of  tbe  scrotum;  behind,  it  is  continuous 
with  the  subcutaneous  areolar  tissue  surrounding  tbe  anus;  ond,  on  either  side, 
with  the  .same  fascia  on  the  inner  side  of  tbe  tliigbs,  Tbis  layer  sbould  be  care- 
fully removed  after  il  has  been   examined,  when  tlie   deep   layer  will  be  exposed. 

Tbe  dt't'p  Ittt/er  of  miperficiaf  faseia  (Fascia  of  Cnlles)  is  thin,  aponeurotic  in 
structure,  and  of  considerable  strength,  serving  to  bind  down  the  muscles  of  tbe 
root  of  the  penis.  It  is  continuous,  in  front,  with  the  dartos  of  tbe  scrotum  ;  on 
either  side  it  is  firmly  attacbed  to  the  margins  of  the  rami  of  the  ob  pubis  and 
ischium,  external  to  the  crus  penis,  and  as  far  back  as  the  tuberosity  of  the  isch- 
ium ;  posteriorly,  it  curves  down  behind  the  Trans  versus  perina^i  muscles  tojidn 
the  lower  margin  of  the  deep  [lerineid  fascia.  Tbis  fascia  not  only  covers  tbe 
muscle.s  in  this  region,  but  sends  di>wn  a  vertical  se])tuni  from  its  under  surface,  which 
separates  tbe  back  part  of  tlie  snbjacetrt  s|iace  into  two,  being  incomplete  in  front. 

The  Central  Tendinons  Point  of  the  Perinaeum, — This  is  a  fibrous  point  in  the 
middle  line  nf  tbe  |>eririjeuiu,  lietween  tlie  urethra  and  the  rectum,  being  about 
half  an  incb  in  front  of  tbe  anus.  At  tbis  ]H>int  four  muscles  converge  antl  are 
attached  :  viz.  the  External   sjdiincter   ani,  tbe  Accelerator   iirina>,  and  tbe   two 
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Transversus  perintei ;  80  that  by  the  contraction  of  these  muscles,  which  extend  in 
opposite  iliroctions,  it  serves  as  a  fixed  point  of  support. 

The  Transversns  perinaei  is  a  narrow  muscular  .slip,  which  passes  more  or  less 
transversely  across  fho  back  part  of  the  perinea!  space.     It  arises  by  a  small  tendon  i 
from  the  inner  and  fm^e  part  of  the  tuberosity  of  the  ischium,  and,  passing  inward, 
is  inserted  into  the  central  tendinous  point  of  the  perinjeum,  joining  in  this  situation 
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Fio.  2&7,—Tbe  poriiutiiiu.    The  iiueKuiutii(  Ami  e^iUKerflclal  layer  of  superliclal  fju>cia  reflected. 

fv^iih  the  muscle  of  the  opposite  side,  the  External  sphincter  ani  behind,  and  the 
Accelerator  urinje  in  front. 

Nerve-supply. — ^The  perineal  branch  of  the  internal  pudic. 

Actioiis.— By  their  contraction  they  serve  to  fix  the  central  tendinous  point  of 
the  perimenm. 

The  Accelerator  urmse  {EJacuIator  seminh,  or  Bulho-catyemoaus)  is  placed  in 
the  middle  line  of  the  perinj^eum.  immediately  in  front  of  the  anus.  It  consists  of 
two  symmetrical  halves,  united  along  the  median  line  by  a  tendinous  raphe.  It 
arises  from  the  central  tendon  of  the  periniCtini,  and  from  the  median  raphe  in 
front.  From  this  point  its  fibre^s  diverge  like  the  plumes  of  a  pen;  the  most 
posterior  form  a  thin  layer,  which  are  lost  on  the  anterior  surface  of  the  triangular 
ligament;  the  middle  fibres  enciixle  the  bulb  and  adjacent  parts  of  the  corpus 
spongiosum,  and  join  with  the  fibres  of  the  opposite  side,  on  the  upper  [lart  of  the 
corpus  spongiosum,  in  a  strong  aponeurosis ;  the  anterior  fibres,  the  longest  and 
most  distinct,  spread  out  over  the  sides  of  the  corpus  cavernosura,  to  be  inserted 
partly  into  that  body,  anterior  to  the  Erector  penis,  occasionally  extending  to  the 
OS  pubis ;  partly  terminating  in  a  tendinous  expansion,  which  covers  the  dorsal 
vessels  of  the  penis.  The  latter  fibres  are  best  seen  by  dividing  the  mnscl« 
longitudinally,  and  dissecting  it  outward  from   the  surface  of  the  urethra. 

Action, ^ — This  muscle  serves  in  empty  the  canal  uf  the  urethra,  after  the 
bladder  has  expelled  its  contents;  dtiring  the  greater  part  of  the  act  of  tuieturttion 
its  fibres  are  relaxed,  and  it  only  comes  into  action  at  the  end  of  the  process.  The 
middle  fibres  are  supposed,  by  Krause,  to  assist  in  the  ei^ection  of  the  corpus 
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spongiosum,  by  compressing  the  erectile  tissue  of  the  bulb.  The  anterior  fibres, 
accord iriL^  to  Tyi'rel,  also  contribute  to  the  erection  of  the  penis,  as  they  are  inserted 
into,  atid  continuous  with,  the  fascia  of  the  penis^  compressing  the  dorsal  vein 
during  the  com  met  ion  of  the  muscle. 

The  Erector  peEis  {hchm-cavernous)  covers  purt  of  the  crus  penis,  ll  is  an 
elongated  muscle,  broader  in  the  middle  than  at  either  extremitv,  and  situated  on 
either  side  of  the  lateral  boundary  of  the  periu;eum.     It  arises  by  tentiinoiis  and 
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fleshy  fibres  from  the  iuiicr  surface  of  the  tuberosity  of  the  ischium,  behind  the 
cruS  penis,  from  the  surface  of  the  cms,  ami  from  the  adjacent  portion  of  the 
ramus  of  the  ischium.  From  these  points  tleshy  fibres  succeed*  which  end  in  an 
aponeurosis  which  is  insertt^d  into  the  sides  aud  under  surface  of  the  crus  penis. 
Kerve-supply, — The  perineal  branch  of  the  internal  pudic, 
Actions.^ — It  compresses  the  crus  penis  and  retards  the  return  of  the  blood 
through   the  veins,  and   thus  serves  to  maintain  the  organ  erect. 

Between     the    muscles   just    examined    a    triangular  space    exists,  bounde<) 
internally  by  the  Accelerator  urinse,  externally  by  the  Erector  penis,  and  behind 
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by  the  Transversus  perioiei.  Tbe  floor  of  this  space  is  formed  by  the  triangular 
ligament  of  the  urethra  (deep  perineal  fascia),  and  runnintr  from  behind  forwaid 
in  it  are  the  superficial  perineal  vesseLs  ami  nerve,  and  the  transverse  perineal 
artery  coursing  along  the  posterior  boundary  of  the  space  on  the  Trans  versus 
perintei  muscle. 

The  Triangular  Ligament  (Deep  peinnea  I  fascia)  is  a  dense  membranous  lamina, 
which  ch)ses  the  front  part  of  the  outlet  of  the  pelvis.  It  is  triangular  in  shape, 
about  an  inch  and  a  half  in  depth,  attached  above,  by  its  apex,  to  the  under 
surface  of  the  symphysis  |Hd>is  and  *stib|tubic  ligament;  and  on  each  side  to  the 
rami  of  the  ischium  and  puhes,  Ijeneatb  the  crura  penis.  Its  inferior  margin,  or 
base,  is  directed  toward  the  rectum,  and  connected  to  the  central  tendinous  point 
of  the  perinamm.  It  is  continuous  with  the  deeji  layer  of  the  superficial  fascia 
behind  the  Transversus  peri  nan  muscle,  and  with  a  thin  fascia  which  covers  the 
cutuneous  surface  <tf  the  Levator  ani  mtjscle  (nnal  or  ischio-rectal  fascia). 
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The  Triangular  ligament  is  perforated  by  the  urethra,  about  an  inch  below  the 
symphysis  pubis.     The  aperture  is  circular  in  f<u'm,  and  about  three  or  four  lines 
in  diameter.     Above  this  is  the  apertiire  for  the  florsal   vein  of  the  i>enis  ;  and, ' 
outside  tbe  latter,  branches  of  the  pudic  nerve  and  artery  pierce  it. 

The  triangular  ligament  consists  of  two  layers,  superficial  or  inferior,  and  deep 
or  superior;  these  are  separated  in  fronts  but  united  behind. 

The  superfirmf  laf/er  on  its  inferior  surface  is  intimately  connected  with,  and 
sends  an  expansion  to,  the  bulb.  It  is  pierced  by  the  duct  of  Cowper's  gland  and 
by  the  membranous  urethra;  as  is  also  the  following  layer. 

The  deep  Imfer  is  derived  laterally  from  the  obturator  fascia;*  superiorly 
expansions  from  it  are  given  off"  into  the  sheath  of  the  prostate  gland,  this  sheath, 
in  its  turn,  heing  formed  from  the  rccto-vesical  fascia. 

Stnicturea  between  the  Two  Layers  of  the  Triangular  Ligament. — If  the 
superficial  layer  of  this  fascia  is  detached  on  either  side,  the  following  structures 

'  "On  the  Anatomv  of  the  PfHterior  Lmjit  of  tfie  Triungiilar  LlgtimeQt/*  !*ee  a  paper  by  Mr 
Carrington,  Gnif»  Ilmpital  Rfporti. 
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will  be  seen  between  it  and  the  deep  layer:  the  subpubic  ligament  above, dose  to 
the  piibes;  the  dorsal  vein  of  the  penis;  the  in  era  bran  on  s  portion  of  the  urethra, 
and  the  Corapreasor  urethra*  mo.scle;  Cowper's  glunds  and  their  ducts;  the  pudic 
vea'sels  and  nerve ;   the  arterv  and  nerve  of  the  bulb,  and  a  plexus  of  veins. 

The  Com  pressor  uretlirae  {Constrirtor  urethra)  surrounds  the  whole  length  of 
the  membranuus  portion  of  the  urethra,  and  is  contained  between  the  two  layers 
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of  the  triangular  ligament.  It  arises*  by  aj)oneurotic  fibres,  from  the  upper  part 
of  the  raimis  of  the  os  pubis  on  each  side,  to  the  extent  of  half  or  tbree-^iuarters 
of  an  inch  :  each  se^'tnent  of  the  muscle  passes  inward,  and  divides  into  two 
fasciculi,  which  surround  the  urethra  from  the  j>ro9tate  gland  behind  to  the 
bulbous  portion  of  the  urethra  in  front;  and  unite,  at  the  upper  and  lower 
surfaces  of  this  tube,  with  the  muscle  of  the  opposite  side,  by  means  of  a  tendinous 
raphe. 

Actions* — The  muscles  of  both  sides  act  together  as  a  sphincter,  compressing 
the  membranous  portion  of  the  urethra.  During  the  transmission  of  fluids  they, 
like  the  Accelemtores  urinm,  are  relaxed,  and  only  eume  into  action  at  the  end  of 
the  process  to  eject  the  last  of  the  fluid. 

Muscles  of  the  Perinseum  in  the  Female. 

The  Transversus  pennsei  in  the  female  is  a  narrow  muscular  slip,  whicll  pftsees 
more  ov  less  transversely  across  the  back  part  of  the  perineal  space.  It  ariflesby 
a  small  tendim  from  the  inner  and  fore  part  of  the  tuberosity  of  the  ischium,  and, 
passing  inward,  is  inserted  into  the  central  line  of  the  perina?um,  joining  in  this 
situation  with  the  muscle  of  the  o(i|Kisite  side,  the  External  sjihincter  ani  behind, 
and  the  Sphiucter  vagiiife  in  front. 

Nerve-supply. — The  perineal  branch  of  the  internal  pudic* 

Actions. — By  their  contraction  they  serve  to  fix  the  central  tendinous  point  of 
the  perinreum. 

The  Sphincter  vaginae  surrounds  the  orifice  of  the  vagina,  and  is  analogous 
to  the  Accelerator  urini^  in  the  male.     It  is  attached  posteriorly  to  the  central 
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tendinous  point  of  the  perinaeum,  where  it  blends  with  the  External  sphincter  ani. 
Its  fibres  pass  forward  on  each  ^'\Aq  of  the  vagina,  to  he  inserted  into  the  corpora 
cavernosa  of  the  clitoris,  a  fasciculus  crossing  over  the  body  of  the  organ  so  as  to 
com  press  the  dorsal  vein. 

Nerve-supply* — The  j»erineal  branch  of  tlie  internal  pudic. 

Actions, — It  diminishes  the  orifice  of  the  vagina.  The  anterior  fibres  contribute 
to  the  erection  of  the  clitoris,  as  they  are  inserted  into  and  are  continuous  with  the 
fascia  of  the  clitoris;  compressing  the  dorsal  vein  during  the  contraction  of  the 
muscle. 

The  Erector  cHtoridis  resembles  the  Erector  penis  in  the  male,  but  is  smaller  than 
it.  It  covers  the  unattaclicd  part  of  the  crus  clitoridis.  It  is  an  elongated  muscle, 
broader  at  the  middle  than  at  either  extremity,  and  situated  on  either  side  of  the 
lateral  boundary  of  the  perinf^um.  It  arises  by  tendinous  and  fleshy  fibres  from 
the  inner  surfiice  nf  the  tuberosity  of  the  ischium,  behind  the  crus  clitoridis  from 
the  surface  of  the  crus,  and  from  the  adjacent  portion  of  the  ramus  of  the  ischium. 
From  these  points  fleshy  fibres  succeed,  which  etid  in  an  aponeurosis,  which  is 
inserted  into  the  sides  and  under  suriiice  of  the  crns  clitoridis. 

Nerve-supply, ^T he  perineal  branch  of  the  internal  pudic. 

Actions, — ^It  compresses  the  crus  clitoridis  and  retards  the  return  of  blood 
through   the  veins,  and   thus  serves  to  maintain  the  organ  erect. 

The  triangular  ligament  (rA/p/^  pprhieal  fmcia)  in  the  female  is  not  so  strong  as 
in  the  male.  It  is  atiaehed  to  the  pubic  arch,  its  apex  being  connected  with  the  sym- 
physis pubis.  It  is  divided  in  the  middle  line  by  the  aperture  of  the  vagina,  with 
the  external  coat  of  which  it  becomes  blended,  and  in  front  of  this  is  perforated 
by  the  urethra.  Its  posterior  border  is  continuous,  as  in  the  male,  with  the  deep 
layer  of  the  sii])erficial  fascia  around  the  Tranaversus  perinjei  muscle. 

Structures  between  the  Two  Layers  of  the  Triangular  Ligament. — The  subpubic 
ligament  above,  the  dorsal  vein  of  the  clitoris,  the  urethra  and  the  Compressor 
urethfEe  muscle,  the  glands  of  Bartholin  and  their  ducts ;  the  pudic  vessels  and 
the  dorsal  nerve  of  the  clitoris ;  the  artery  of  the  bulbi  vestibuli,  and  a  plexus 
of  veins. 

The  Compressor  urethrae  {tHm$trlctor  urf three  or  tleep  transversus  perincei)  arises 
on  each  siile  from  the  margin  of  the  descending  ramus  of  the  os  pubis.  The  fibres, 
passing  inward,  divide  into  two  sets  ;  those  of  the  fore  part  of  the  muscle  are 
directed  across  the  subpubic  arch  in  front  of  the  urethra  to  blend  with  the  mus- 
cular fibres  of  the  ojiposite  side;  while  those  of  the  hinder  and  larger  part  pass 
inward  to  blend  with  the  wall  of  the  vagina  behind  the  urethra. 

MUSCLES   AND  FASCLiE  OF  THE  UPPER  EXTREMITY. 

The  Muscles  of  the  L'pjjer  Extremity  are  divisible  into  groups,  corresponding 
yiixh.  the  different  regions  of  the  limb. 

Of  the  Shoulder.  Of  the  Arm* 

Anterior  Thoravic  Region. 
Pectoral  is  major.     Pectoral  is  minor. 
8ubclavius. 

Lateral  Thoracic  Region. 

Serratus  raagnus. 

Acromial  Region, 

Deltoid. 

Anterior  Scapular  Region, 

Subseapularis. 

Posterior  Scapular  Region. 
Supraspinatns.  Teres  minor. 
Infraspinatus.  Teres  major. 


Anterior  Ilumeral  Region. 
Coraco-bmchialis,  Biceps. 

Brachialis  anticus. 

Posterior  Humeral  Region. 
Triceps.  Subanconeua. 

Of  the  Forearm. 
Anterior  Railio-ulnar  Region. 
'^  ^Pronator  radii  teres. 
Fle.tor  carjii  radialis* 
Pal  maris  hmgus. 
Flexor  carpi  ulnaris. 
Flexor  sublimis  digitorum. 


466 


THE  MUSCLES  AND   FASCIj^, 


Of  the  Hand, 

Radial  Region. 
Abductor  pollicis. 
Flexor  ossis  iiietacarpi  pollicis  (Opponens 

jiollieis). 
Flexor  brevis  pollicis. 
Adductor  pollicis. 

Ulnar  Region. 
Pal  maris  brevis. 
Abductor  mini  mi  digiti* 
Flexor  brevis  minimi  digiti. 
Flexor    ossis    metaearpi    minimi 
(Opponens  minimi  digiti). 

Palmar  Reg  ion, 
Lumbricales.  t 

Interossei  | palmares. 
Interossei  doraales. 


digiti 


ex  ^:   r Flexor  profundus  digitorum, 
S  >-,  <  Flexor  longus  pollicis. 
^  ipj    (^Pronator  quadrat  us. 

Radial  Regiofi. 
Supinator  longus. 
Extensor  carpi  radialis  longior. 
Extensor  carpi  radialis  brevior. 

Posterior  Radio'Ulnar  Region* 

^        r Extensor  communis  digitorum. 
t^  ^  J  Extensor  minimi  digiti. 

fe  S*'|  Extensor  carpi  ulnaris. 

B*^   (^Anconeus, 
^        ^Supinator  brevis. 

d,  J*      Extensor  ossis  metacarpi   pollicis 

8  ^*-!  Extensor  brevis  pollicis, 
^  H^      Extensor  longus  pollicis. 
^Extensor  indicis. 

Dissection  of  Pectoral  Region  and  Aiilla  [  Ftp,  301 ).— The  ann  being  drawn  away  from  the 
side  miirly  at  right  angles  with  the  tmiik,  and  rotated  outward,  make  a  vertical  incision  throu^b 

the  iiitegiim«iit  in  the  median  tine  of  tbe 
chest,  from  the  iipjx^r  to  the  lower  part  of 
the  Bternum  ;  a  Siwimd  iiieision  ak*n>!:  the 
lower  btjnier  of  the  Pectoral  musele,  iroin 
the  ensift>nn  cartilape  to  the  inner  side  of 
the  axilk;  a  third,  I'rorn  llie  steniuin 
alon.iT  the  cluvide,  as  fkr  as  its  centre; 
and  a  foiirthj  from  the  middle  of  the 
ckviele  olih^jnely  downwani  alrmi^  the 
inters|>aee  between  the  Peftonil  and  Del- 
toid niU8ele,H.  as  low^  as  the  lc>ld  of  the 
ann()it.  The  flaii  of  irite^'ument  is  then 
to  l>e  dissected  off  in  the  direction  indi- 
cated in  tiie  fi.^ure^  hut  not  entirely 
removetl,  as  it  should  he  rejdaeed  on  eoni- 
pletiiiar  the  diti&i'etitnL  li^  a  transverse 
ineision  U  now  made  tr*jni  the  lower  end 
of  the  stcnmm  to  the  side  of  the  ehest, 
as  far  as  the  postcritjr  fold  of  the  5imipit» 
and  the  intejc:una*nl  refleeteil  *Hrtward, 
the  axillary  space  will  l>e  more  eoropletely 
exposed. 


'5.  Dissection  of 
I  Shoulder  and  AT-m, 


i.  Dissection  of 
Pectoral  Region 
and  Arilia. 


Betid  of  Elbow, 


^H   \  4,  Forearm, 


sl^     U,  Palm  of  Hand, 


Fasciae  of  the  Thorax. 

The  superficial  fascia  of  the 
thoraeic  region  m  a  loose  cellul**- 
fibrtRis  layer  enclosing  masses  of 
fat  in  its  spaces.  It  is  eontinu- 
0U8  with  the  sul^erfieial  faseia  of 
the  neck  and  upper  extremity 
above,  and  uf  the  alidomen  below. 
Opposite  the  mamma,  it  divi<les  into 
two  layers,  one  of  which  pa-sses  in 
front,  the  other  behind  that  gland ;  and  from  both  of  these  layers  numerous  septa 
pass  into  its  substance,  supporting  its  various  lobes  :  fnun  the  anterior  layer  fibrous 
processes  pass  forwanl  to  the  integument  and  nipple.  These  processes  were  called 
by  Sir  A,  Cooper  the  ligamenta  mxpengoria,  from  the  support  tliey  afford  to  the 
gland  in  tliis  situation. 

The  deep  fascia  of  the  thoracic  region  is  a  thin  aponeurotic  lamina,  covering 
the  surface  of  the  great  Pectoral  muscle,  und  sending  numerous  prolongations 


I 


Fio.  aOL— Dissection  of  upper  extremity. 


THE  SHOULDER, 


between  its  fasciculi :  it  is  attached,  in  tbe  middle  line,  to  the  frnnt  < 
sternum;  and,  above,  to  tbe  clavicle.  It  is  very  thin  over  the  upper  part 
muscle,  thicker  in  the  interval  between  the  Pectoralis  major  and  Latissimus  dorai, 
wbcre  it  closes  in  the  axillary  space,  and  divides  at  the  outer  margin  of  tbe  latter 
muscle  into  two  layers,  one  of  which  passes  in  front,  and  the  other  behind  it; 
these  proceed  as  far  as  the  spinous  processes  of  the  dorsal  vertebrae,  to  which 
they  are  attached.  At  the  lower  part  of  the  thoracic  region  this  fascia  is  wellj 
developed,  and  is  continuous  with  the  fibrous  sheath  of  the  Recti  muscles, 

THE  SHOULDEE, 

Anterior  Thoracic  Region. 

Pectoralis  major.  Pectoralis  minor. 

Subclavius, 

The  Pectoralis  major  (Fig.  302)  is  a  broad,  thick,  triangular  muscle,  situated 
at  the  upper  and  fore  part  of  the  chest,  in  front  of  the  axilla.      It  arises  from  the 
anterior  surface  of  the  sternal  half  of  tbe  clavicle;   from  half  tbe  breadth  of  the 
anterior  surface  of  the  sternum,   as  low  down  as  tbe  attachment  of  the  cartilage 
of  the  sixth  or  seventh  rib;  this  portion  of  it^  origin  consists  of  aponeurotic- 
fibres,  which  intersect  with  those  of  the   opposite  muscle ;  it  also  arises  from  thefl 
cartilages  of  all  the  true  ribs,  with  the  exception,  frequently,  of  tbe  first  or  of  the 
seventh,  or  both  :  and  from  the  aponeurosis  of  the  External  oblic|ue  muscle  of  the 
abdomen »     The  fibres  from  this  extensive  origin   ci>n verge   toward  its  insertion, 
giving  to  tbe  muscle  a  radiated  appeai*ance.      Those   fibres  which  arise  from   tbe 
clavicle  pass  obliquely  outward  and  downward,  and  are  usually  separated  from  the 
rest  by  a  cellular  interval:  those  from    tbe  low^er  part  of  the  sternum,  and  the 
cartilages  of  the  lower   true   ribs,  pass    upward  and   outward,  whilst  the   mid  rile 
fibres   pass  horizontally.     They  all    terminate    in  a  flat  tendon,  about  two  inches 
broad,  which  is  inserted  into  the  anterior    bicipital    ridge  of  the  humerus.     This 
tendon   consists   of  two  laminsi?,  placed    one    in  front   of  the   other,  and  usually 
blended  together  below\     The  anterior,  the  thicker,  receives  the  clavicular  and- 
upper  half  of  the  sternal  portion  of  the  muscle :  and  its  Bbres  are  inserted  in  the! 
same  order  as   that  in  which   tfiey  arise;   that  is   to  say,  the   outermost  fibres  of 
origin  from    tbe  clavicle   are  inserted  at  the    uppermost   part  of  the  tendon  :  the 
upper  fibres  of  origin  from  the  sternum  pass   down  to  the  h>wcrmost  part  of  this 
anterior  lamina  of  the  tendon  and  extend  as  low  as  the  tendon  of  tbe  Deltoid  and 
join  with  it.     Tbe  posterior  lamina  of  tbe  tendon  receives  the  attachment  of  the! 
lower  half  of  the  sternal  portion  and  the  deeper  part  of  the  muscle  from  tbe  costal" 
cartilages.     These  deep  fibres,  and   particularly  those  from  tbe  lower  costal  carti- 
lages, ascend  tbe  higher,  turning  f  jack  ward  successively  behind  tbe  su]>erficial  and 
upper   ones,  s<j  that   the   tendon   a|q>cai's  to  be    twisted.     The   posterior   lamina 
reaches  highrr  on  the  humerus  than  tbe  anterior  one.  and  from  it  an  expansion  igi 
given  off  which   covers  the  bicipital  groove  and  blends  with   the  capsule  of  tb©j 
shoulder-joint.     Another  expansion  passes  downward  to  the  fascia  of  tbe  arm. 

Relationa,' — By  its  antenor  surj\trt\  with  tlje  integument,  the  superficial  fascia,! 
the  Platysma,  the  mammary  gland,  and  the  deep  fascia;  hy  hs  p^fster  for  mtrf  ace 
its  thonn'ii*  por(i\*n,  with  the  sternum,  the  rihs  and  costal  cartilages,  the  costo- 
coracoid  membrane,  the  Subclavius,  Pectoralis  minor,  iSerratus  nuignus,  and  the 
Intercostals ;  its  ajriUan/  porhon  forms  the  anterior  wall  of  the  axillary  space,  and 
covers  the  axillary  vessels  and  nerves,  the  Biceps  and  CVjraco-braehialis  muscles. 
Its  upper  border  lies  parallel  with  the  Deltoid,  from  which  it  is  separated  by  a 
slight  interspace  in  wbich  lie  the  cephalic  vein  and  descending  branch  of  the 
acromial  thoracic  artery*  Its  iower  borthr  forms  the  anterior  margin  of  the  axilla, 
being  at  first  separated  from  tbe  Latissimus  dorsi  by  a  considerable  interval ;  buti 
both  rjiuscles  gratlually  converge  toward  the  outer  part  of  the  space. 

Dissection. — Detach  the  Peclondis  major  hy<lividltig  the  muscle  along  its  attachment  to  thai 
claTiok,  and  by  luakirjg  a  vertical  incisiun  through  its  substanee  a  little  external  to  its  line  of  ] 


Fig.  J»2.— Muscles  of  the  cheat  and  Trnjit  nf  the  arm 

vessels  and  nerves.  Above,  it  is  attacLed  to  tlie  anterior  margin  (tf  the  Subclavian 
groove  on  the  under  stirface  of  the  clavicle,  and  is  connected  with  a  layer  of 
cervical  fa>!CJu  which  overlies  the  Onio-hyoid  muscle,  and  forni.s  the  posterior  layer 
of  the  sheath  of  the  Suhclavius  mnsele.  "  Internally,  it  is  attached  to  the  first  rib 
interniil  to  the  *irii5in  of  the  Siibchivius  mitsele.  Externally  it  ifi  very  thick  and 
deuHe,  and  is  attached  to  the  coracoid  proccs?*.  The  fM>rtion  extending  from  its 
attachment  to  the  first  rib  to  the  coracoid  process  is  often  whiter  and  denser  than 
the  rest;  this  is  sotnetimes  cnlled  the  rostfi-rorurotd  Itt/ament,  Below,  it  ia  thin, 
and  at  the  upper  border  of  the  Peetoralis  minor  it  splits  into  two  layers  to  invest 
the  musde;  from  the  lower  border  of  the  Pe€toi*alia  minor  it  is  continued  down- 
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ward  to  join  the  axillary  fascia,  and  outward  to  join  the  fascia  over  the  short! 
head  of  the  Biceps,     The  costo-eoracoid  membrane  is  pierced  by  the  cephalic  vein, 
the  acromial  thoracic    artery  and   vciti.  superior    thoracic   artery,  and  aDterior 
thoracic  Derve.s,  J 

The  Pectoralia  minor  (Fig.  303)  is  a  thin,  flat,  triangular  muscle,  situated  at  " 
the  upper  part  of  the  thorax,  beneath  the  Pectoralis  major.     It  arises  by  three 


r>tm 


IP-. 


Tm.  B08v— Muscles  of  the  ehett  and  front  of  the  arm.  with  the  boundadei  of  the  &xiU&. 

tendinous  digitations  from  the  upper  margin  and  outer  surface  of  the  third, 
fourth,  and  liflh  ribs,  near  their  cartilages,  and  from  the  aponeurosis  covering  the 
Intercostal  muscles ;  the  fibres  |iass  upward  and  outward,  and  converge  to  form  a 
flat  tendon,  which  is  inserted  into  the  inner  border  and  upper  surface  of  the  cora- 
coid  process  of  the  scapula. 

Relations. — By  its  anterior  »7irfnr*e^  with  the  Pectoralis  major  and  the  superior 
thoracic  vessels  and  nerves;  by  ils  jm%terior  surface^  with  the  ribs.  Intercostal 
muscles,  Serratus  magnus,  the  axillary  space,  and  the  axillary  vessels  and  nerves. 
Its  upper  border  is  sofyarated  from  the  clavicle  by  a  triangular  interval,  broad 
internally,  narrow  externally,  bounded  in  front  by  the  cos to-cora cold  membrane, 
and  internally  by  the  ribs.  In  this  s]>ace  are  the  first  part  of  the  axillary  vessels 
and  nerves. 

The  costo-conu'oiij  nicmbnine  should  now  bo  remove*],  when  the  J^iibekvius  mui«_"lij  will  be 
seen. 

The  STibclavius  is  a  long,  thin,  spindle-shaped  muscle,  placed  in  the  interval 
between  ihe  clavicle  and  the  first  rib.  It  arises  by  a  short,  thick  tendon  from  the 
fii^t  rib  and  its  cartilage  at  their  junction,  in  front  of  the  rhomboid  ligament;  tho 
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fleshy  fibres  proceed  obliquely  upward  and  ootward,  to  be  inserted  into  a  deep 


groove  on  the  under  surface  of  the  middle  third  of  the  clavicle 


rfa 


th   the  clavicle 


B^ 


de 


rfae 


io  M  rih, 
^ph*e  of  nrnpuln. 


Relations.— 15y  its  upper  si 
aeparated  from  the  first  rib  by  tbesutJclaviaii  vessels  ana  yracUial  jiiexus  oi  nerves. 
Its  (intenor  mirfarf  is  separated  from  the  Pectoral  is  major  by  the  costo-coracoid 
membrane,  which,  with  the  clavicle,  forms  an  osseo-fibrous  sheath  in  which  the 
muscle  is  enclosed. 

If  the  costal  attachment  of  the  Pectoralis  minor  is  divided  across,  and  the  muscle  reflected 
outward,  the  axillar>^  vessels  and  nerves  are  brought  fidly  into  view,  and  should  be  examined. 

Nenres. — The  Pectoral  muscles  are  supplied  by  the  anterior  thoracic  nerves; 

the  Snhclavius,  by  a  filament  from  the  cord 
foi"nie<i  by  the  union  of  the  fifth  and  sixth 
cervical   nerves. 

Actions, — If  the  arm  has  been  raised  by 
the  Deltoid,  the  I*ect(>ralis  major  wilt  con- 
jointly with  the  LatissimTis  dorsi  and  Teres 
major,  depre.s.s  it  to  the  side  of  the  chest* 
If  acting  abme,  it  adduet.^  and  draws  for- 
ward the  anil,  bringing  it  across  the  front 
of  the  chest,  and  at  the  same  time  rotates 
it  inward.  The  Pectoral  is  minor  depresses 
the  point  of  the  shoulder,  drawing  the  scapula 
downward  and  inward  Ui  the  thorax,  and 
thro  win  if  the  inferior  an  trie  backward.  The 
SubcUivius  dei}r esses  the  shoulder,  drawing 
the  clavicle  d<nvnvvard  nw\  forward.  When 
the  arms  are  fixed,  all  three  niuscles  act  upon 
the  ribs,  drawing  them  upward  and  expand* 
ing  the  chest,  and  thus  becoming  very 
important  agents  in  forced  inspiration* 
Asthmatic  patients  always  assume  an  atti- 
tude which  fixes  the  shoulders,  so  that  all 
these  muscles  may  be  brought  into  action  to 
assist  in  dilating  the  cavity  of  the  chest. 

tlHIilSHI^  Latersd  Thoracic  Region. 

■JtJTj^  Serratus  mngnus. 

wShUL  The   Seixatus   magiius   {Fig.    304)   is   a 

■li\l|f  ^cxTCRNu«  oBLiouus.  broad,    tliin,    and    irregularly    i^uadri lateral 

«hM''  muscle,    situated    at    the    upper    part   and 

wM[  side  of  the  chest.     It  consists  of  two  tri- 

Xul^/J^rift  angular  or  fun-shaped  portions;   the  upper 

^  one    having    the    apex    of   the    triangle   at- 

Fio,  J»4,-serratui  maifDua.    (Piwm  ii  prep-    tached  to   the  first  and   second  ribs,  and  the 
ftntion  m  the  Museum  of  the  Rt>yal  CoUegi?  <>f     i  a     ^i  i  i  ^   i       i  i        j 

surgtnms  of  England.)  oase  to  the  upjjcr  angle  and  vertebral  bonier 

I  of  the  scajjula;    the    lower   with    its    apex 

behind  attached  to  the  inferior  angle  of  the  scapula,  and  its  base  in  front  con- 
nected with  the  ribs  from  the  second  to  the  eighth.  It  arises  by  nine  fleshy 
digitations  from  the  outer  surface  and  upper  border  of  the  eight  upper  ribs  (the 
second  rih  having  two),  and  from  the  ajMjneurosis  covering  the  upper  intercostal 
muscles,  and  is  inserted  into  the  whole  lengtli  of  the  anterior  aspect  of  the  poste- 
rior border  of  the  scapula.  The  upper  fan-shaped  portion  is  attached  to  the  fore 
part  of  the  outer  surfaces  of  the  first  and  second  ribs;  its  fibres  spread  out,  the 
upper  ones  forming  a  thick  fasciculus,  which  passes  upward  and  backward,  and 
is  attiiched  to  the  triangular  smooth  surface  on  the  anterior  aspect  of  the  superior 
angle  of  the  scapula;  the  remaining  fibres  proceed  backward  and  downward  to 


I 
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be  attached  to  the  posterior  bonier  uf  the  scapula  between  the  superior  and  inferior 
angles.  The  lower  fan-sluiped  portiun  is  attached  posteriorly  by  its  apex  to  the 
anterior  surface  of  the  inferior  angle  of  the  seapuhi,  partly  by  muscular,  partly 
by  tendinous  fibres ;  it  spreads  out  like  a  fan.  the  up|>er  fibres  passing  forward 
and  upward,  the  lower  horizontally  forward  to  bo  inserted  into  the  outer  surface 
of  the  fore  part  of  the  ribs  from  the  second  to  tlie  eighth,  by  a  series  of  muscular 
digitations.  In  the  intervals  between  the  four  lower  of  these  arc  received  cor- 
responding processes  of  the  External  oblique. 

Eelations. — ^This  muscle  is  covered,  in  front,  by  the  Pectoral  muscle ;  behind 
by  the  Subscapularis ;  above,  by  the  axillary  vessels  and  nerves.  Its  deep  surface 
rests  upon  the  ribs  and  Intercostal  muscles. 

Nerves. — The  Serratus  niagnus  is  supplied  by  the  posterior  thoracic  nerve. 

Actions. — The  Serratus  magnus,  as  a  whole,  carries  the  scapula  forward,  and 
at  the  same  time  raises  the  vertebral  border  of  the  bone.  It  is  therefore  concerned 
in  the  action  of  pushing*  Its  lower  and  stronger  fibres  move  forward  the  lower 
angle  and  assist  the  Trapezius  in  rotating  the  bone  round  an  axis  through  its  centre, 
and  thus  assists  this  muscle  in  raising  the  acromion  and  supporting  weights  upon 
the  shoulder.  It  is  possible  that  when  the  shoulders  are  lixcd  the  lower  fibres 
may  assist  in  raising  and  everting  the  ribs ;  but  it  is  not  the  important  inspiratory 
muscle  which  it  was  formerly  believed  to  be. 

Surgical  Anatomy, — When  the  amscle  is  psindyzed  the  vt^rtehral  Iwrder,  and  especially 
the  lower  luiirle,  leave  tht:;  ribs  and  stand  out  prominently  on  the  surface,  giving  a  peculiar 
**^  wiusj^ed'  appearance  to  the  harjk.  The  imtient  is  nnable  to  niii<e  the  arm  above  a  right  angle^ 
and  an  iittempt  Uj  do  so  is  fallowed  by  a  revolution  of  the  seupula.  instead  of  by  the  elevation 
of  tlu^  ami. 

Dissection* — After  com pleti us?  the  dissection  of  the  axilla,  if  the  muscles  of  the  back  have 
\*een  dissected,  the  upjier  extremity  sh<*u!d  be  separated  frjra  the  tnuik,  8aw  through  the 
clavicle  at  its  centre,  and  then  cut  rhroui^li  the  muaeles  which  conneet  the  scapula  aiFi  arm  with 
the  trunk,  viz.:  the  Pect^jniliH  Uiiiior  in  front,  Scrratus  mogaus  at  the  side,  and  the  Levator 
auff^uli  yi'apuke,  the  RhoniJKjids,  Tniftezius,  and  LatissimoB  dorsi  behind.  Tliese  muscles  should 
ini  cleaned  und  traced  to  their  respective  insertions.  Then  make  an  iueision  tbruugli  the  intepu- 
mentT  eomniencini?  at  the  outer  tliirJ  nf  the  clavicle,  and  extending  alonja^  the  mari^in  ot  that 
bone,  the  acrfimton  process,  and  spine  of  the  scapula;  the  inte^niment  should  he  dissected  Irom 
above  downward  and  outward,  when  the  fascia  covering  theI>eltoid  is  exposed  (Fig.  3D1,  No.  3). 

The  BUperflcial  fascia  of  the  upper  extremity  is  a  thin  celluh^-fibrous  layer, 
containing  the  superficial  veins  and  lymphatica,  and  the  cutaneous  nerves.  It  is 
most  distinct  in  fn>nt  of  the  elbow,  and  contains  \ery  large  superficial  veins  and 
nerves;  in  the  hand  it  is  hardly  demonstrable,  the  integument  being  closely 
adherent  to  the  deep  fascia  by  dense  fibrous  bands.  Small  subcutaneous  bursit;  are 
found  in  this  fascia  over  the  acromion,  the  olecranon,  and  the  knuckles.  The 
deep  fascia  of  the  upper  extremity  comprises  the  aponeurosis  of  the  shoulder, 
arm,  and  forearm,  the  anterior  and  posterior  annular  liginuents  of  the  carpus,  and 
the  palioar  fascia.  These  will  be  considered  in  the  description  of  the  muscles  of 
the  several  regions. 

Acromial  Region. 

Deltoid, 

The  deep  fascia  covering  the  Deltoid  (deltoid  aponeurosis)  is  a  fibrous  layer 
which  covers  the  otiter  surface  of  the  muscle,  thick  and  strong  behind,  where  it 
is  continuous  with  the  infraspinatus  fascia,  thinner  over  the  rest  of  its  extent. 
It  sends  down  numerous  prolongations  betw^een  the  fasciculi  of  the  muscle. 
In  front,  it  is  continuous  with  the  fascia  covering  the  great  Pectoral  muscle ; 
behind*  with  that  covering  the  Infraspinatus;  above,  it  is  attached  to  the  clavicle, 
the  acromion,  and  spine  of  the  scapula  ;  below,  it  is  continuous  with  the  deep  fascia 
of  the  arm. 

The  Deltoid  (Fig,  B02)  is  a  large,  thick,  triangular  muscle,  which  gives  the 
rounded  outline  to  the  shoulder,  and  has  received  its  name  from  its  resemblance  to 
the  Greek  letter  ^  reversed.  It  surrounds  the  shoulder-joint  in  the  greater  part 
of  its  extent,  covering  it  on  its  outer  side,  and  in  front  and  behind.     It  arises  from 
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the  outer  third  of  the  anterior  border  and  upper  surface  of  the  clavicle ;  from  the 
outer  margin  and  upper  surface  of  the  acromion  process,  and  from  the  lower  lip  of 
the  posterior  border  of  the  spine  of  the  scapuhi,  as  far  back  txs  the  triangular 
surface  at  its  inner  end.  From  this  extensive  origin  the  fibres  converge  toward 
their  insertion,  the  middle  passing  vertically,  the  anterior  obliquely  backward,  the 
posterior  obliquely  forward;  they  unite  to  form  a  thick  tendon,  which  is  inserted 
^into  a  rough  prominence  on  the  middle  of  the  outer  side  of  the  shaft  of  the 
humerus.  At  its  insertion  the  muscle  gives  off  an  expansion  to  the  deep  fascia  of 
.the  arm.  This  muscle  is  remarkably  coarse  in  texture,  and  the  arrangement  of 
its  muscular  fibres  is  somewhat  peculiar;  the  central  portion  of  the  muscle — that 
is  to  say,  the  part  arising  from  the  acromion  process — eonsist^s  of  oblique  fibres, 
which  arise  in  a  biftenniforra  manner  from  the  sides  of  tendinous  intersections, 
generally  four  in  number,  which  are  attached  above  to  the  acixmiion  process  and 
pass  downward  parallel  to  one  another  in  I  he  substance  of  the  muscle.  The 
oblique  muscular  fibres  thus  formed  are  inserted  into  similar  tendinous  intersec- 
tions, generally  three  in  number,  which  pass  upward  from  the  insertion  of  the 
muscle  into  the  humerus  and  alternate  with  the  descending  septa.  The  latei^al 
portions  of  the  muscle^ — that  is  to  say,  the  fibres  arising  fiTtm  the  clavicle  and 
spine  of  the  scapula — are  not  arranged  in  this  manner,  but  consist  of  parallel 
fasciculi  passing  from  their  origin  above,  to  be  inserted  info  the  margins  of  the 
inferior  tendon. 

Kelations. — By  its  guperjivud  mtrfaau  with  the  integument,  the  superficial 
fascia,  Plutysma,  and  supra -acromial  nerves.  Its  dfvp  ffurfaiY  is  separated  fnnn 
the  head  of  the  humerus  by  a  large  sacculated  synovial  bursa,  and  covers  tiie 
coracoid  process,  coraco-acromial  ligament,  rectrualis  minor,  Coraco-brachialis, 
both  heads  of  the  Biceps,  the  tendon  of  the  Pectoraliy  major,  the  insertions 
of  the  Supraspinatus,  Infraspinatus,  and  Teres  ininor»  the  scapular  and 
external  heads  of  the  Triceps,  the  citxumflex  vessels  and  nerve,  and  the  humerus. 
Its  ant  trior  border  is  separated  at  its  upper  part  Umn  the  Pectoral  is  major  by 
a  cellular  interspace,  which  lodges  the  cephalic  vein  and  descending  branch  of  the 
acromial  thoracic  artery ;  lower  down  the  two  muscles  are  in  close  contact.  Its 
posterior  border  reals  on  the  Infraspinatus  and  Triceps  muscles. 

Ferves. — The  Deltoid  is  supplied  by  the  circumflex  nerve. 

Actions* — The  Delt<jid  raises  the  arm  dii*ectly  from  the  side,  so  as  to  bring  it 
at  right  angles  with  the  trunk.  Its  anterior  fibres,  assisted  by  the  Pectoralis 
major,  draw  the  arm  forward;  and  its  posterior  fibres,  aided  by  the  Teres  major 
and  Latissimus  dorsi,  draw  it  backward. 

Surgical  Anatomy,— Tlie  Deltoid  is  very  liable  to  atroph}%  and  when  m  this  coiitbtion 
simulate!*  dihlueatiKn  of  the  .sbouUler-joiut,  as  there  is  flattening  t>f  the  sliuiiMer  and  apparent 
prouiinenee  of  the  aer* union  process;  ufujn  examination,  however,  it  will  l>e  found  that  the 
relative  iwsition  of  the  f^reat  t^d>erusity  of  the  humerus  to  the  airi>mion  and  conieoid  j>roeess  ia 
unchanged,  Atn3phy  of  the  Deltoid  mav  be  due  to  disuse  or  lass?  of  trophic  influcuce,  either 
from  injary  to  the  eireumflex  nerve  or  eord  leaions,  as  in  infautile  pandyaiy, 

Bissectioii, — Divide  the  Deltoid  across,  near  its  upijer  part^  hy  an  incision  cairied  alon^'  the 
margin  olthe  elavicle,  the  aeroniion  jinteess,  and  spine  of  the  seiipula,  iind  rt^fleet  il  downward: 
the  hnrbii  will  be  seen  on  its  under  surla*.n.%  as  well  as  the  eirt  auiflex  ve.sseLs  and  nerve. 


Anterior  Scapular  Region, 
SabscapularJs, 

The  subBcapnlar  fascia  is  a  thin  membrane  attached  to  the  entire  circumference 
of  the  subscapular  fossa,  and  affording  attachment  by  its  inner  surface  to  some  of 
the  fibi*es  of  the  Subscapularis  mtiscle :  when  this  is  removed,  the  Subscapularis 
muscle  is  exposed. 

The  Subscapularia  (Fig*  303)  is  a  large  triangular  muscle  which  fills  up  the 
subscapular  fot^sji,  arising  from  its  internal  twf»-tbirds,  with  the  exception  of  a 
narrow  margin  along  ihe  posterior  border,  and  the  surfaces  at  the  superior  and 
inferior  angles  which  aftbrd  attachment  to  the  Serratus  raagnus.     Some  fibres 
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arise  from  tendinous  laminit?,  which  intersect  the  muscle,  and  are  attached  to 
ridges  on  the  bone;  and  utliersi  from  an  aponeurosis,  wbii'h  separates  the  muscle 
from  the  Teres  major  and  the  lon^  head  of  the  Triceps,  The  fibres  pass 
outward,  and  gradually  converjL^iug,  terminate  in  a  tendon,  which  is  inserteil 
into  the  lesser  tuberosity  of  the  humerus.  Those  iibrcs  which  arise  from  the 
axillary  border  of  the  scapnla  are  inserted  into  the  neck  of  the  humerus  to 
the  extent  of  an  inch  below  the  tuberosity.  The  tendon  of  tbe  muscle  is  in 
close  contact  with  tbe  capsular  ligament  of  tbe  sboubier-joint,  and  glides  over 
a  largi?  bursa,  which  separates  it  from  tbe  base  of  tbe  corac«>id  process.  This 
bursa  communicates  with  tbe  cavity  of  tbe  joint  by  an  aperture  in  tbe  capsular 
ligament. 

Relations.  —  By  its  anterior  Hurface^  with  the  Serratus  magnus.  Coraco- 
brachial is,  and  Biceps,  tbe  axillary  vessels  and  nerves,  and  tbe  subscapular  vessels 
and  nerves;  by  its  poHterlor  %urfaee^\s{\h  the  scapula  and  the  capsular  ligament 
of  tbe  shfHilder-joint.  Its  lower  harder  is  contiguous  with  the  Teres  major  and 
Latissimus  dorsi. 

Neires. — It  is  supplied  by  tbe  upper  and  lower  subscapular  nerves. 

Actions* — Tbe  Subscapularis  rotates  tbe  head  of  the  humerus  inward  ;  when 
the  arm  is  raised,  it  draws  tbe  humerus  downward.  Togetber  with  the  following 
muscles  it  is  a  defence  to  the  shoulder-joint,  as,  by  their  tension,  they  all  prevent 
displacement  of  the  bead  of  the  bone. 

Posterior  Scapialar  Region  (Fig.  305). 

Supraspinatos.  Teres  minor. 

Infraspinatus.  Teres  major. 

Dissection. —To  expose  these  muscles,  and  to  cxarijiiic  their  mode  of  inserfimi  into  the 
humerus,  detaeh  the  iJt'tt^iid  and  Tnipezias  from  their  nttachment  to  the  ^jMiie  of  the  scapula 
aod  aeroniiun  jiroeesa.  Kemove  the  ekvifie  by  dividitii:  die  li^uiiieiits  eoiineetin^'  it  wjtli  the 
coracoid  imx'ei^,  and  sepanitc  it  at  its  artieiiUtion  with  the  &Lnjmla:  divide! lie  atToniioii  process 
aear  its  root  with  a  siiw.  The  iTai:ments  beinjt,'  removed,  the  teudoas  of  the  pu^iterior  JScapaltir 
muscles  will  be  fully  exposed,  ai*d  eaa  be  examined.  A  hlcK*k  should  be  jilaced  beae;nh  the 
ehoukler-joint,  m  ha  to  ujake  the  musoleji  tense. 

The  Supraspinous  fascia  is  a  thick  and  dense  membranous  layer,  which  com- 
pletes the  osseo-fibrous  case  in  which  the  Supraspioatus  muscle  is  containe*!, 
affording  attachment,  by  its  inner  surface^  to  some  of  the  fibres  of  tbe  muscle.  It 
is  thick  internally,  but  thinner  externally  under  the  coraco-acroniial  ligament. 
When  this  fascia  is  removed,  the   Supraspinatus  muscle  is  exposed. 

The  Supraspinatus  muacle  (K!ciipies  tbe  whole  of  the  supraspinous  fossa,  arising 
from  its  internal  two-thirds  and  from  the  Btrong  fascia  which  covers  its  sur- 
face. The  muscidar  fibres  converge  to  a  tendon  which  passes  across  the  capsular 
ligament  of  tbe  shoulder-joint,  to  which  it  is  intimately  adherent,  and  is  inserted 
into  the  highest  of  the  three  facets  on  the  great  tuberosity  of  the  humerus. 

Eelationa. — By  its  upper  surface^  with  the  Trapezius,  the  clavicle,  the  acromion, 
the  coraco*acromial  ligament,  and  the  Deltoid;  by  its  under  ^urfaee^  with  the 
scapula,  the  suprascajjuhir  vessels  and  nerve,  and  upper  part  of  the  shoulder-joint. 

The  Infiraspinous  fascia  is  a  derjse  fibrous  u)eml»rane,  covering  in  the  Infra- 
spinatus uniscle  and  attached  to  the  circumference  of  the  infra^^pinous  fos.sa  ;  it 
affords  attachment,  by  its  inner  surface,  to  some  fibres  of  that  muscle.  At  the  point 
where  the  Infraspinatus  Ci>muience8  to  be  covered  by  the  Deltoid^  this  fascia  divides 
into  two  layers:  one  layer  passes  over  the  Deltoid  muscle,  helping  to  form  the 
Deltoid  fascia  already  described ;  tbe  other  passes  beneath  tbe  Deltoid  to  the 
shoulder-joint. 

The  Infraspinatus  is  a  thick,  triangular  muscle,  which  occupies  the  chief  part 
of  the  infraspinous  fossa,  arising  by  fleshy  fibres  from  its  internal  two-thirds,  and 
by  tenilinous  fibres  from  the  ridges  on  its  surface  :  it  also  arises  from  a  strong 
fascia  which  covers  it  externally,  and  separates  it  from  the  Teres  major  and  minor. 
The  fibres  converge  to  a  tendon  which  glides  over  the  external  border  fd'  the 
spine  of  the  scapula,  and,  passing  across  the  capsular  ligament  of  the  shoulder 
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joiQt,  is  inserted  into  the  middle  facet  on  the  great  tuberosity  of  the  humenis. 
The  tendon  of  this  muscle  is  occasionally  separated  from  the  8pine  of  the  scapula 
by  a  synovial  bursa  which  commtinicates  with  the  synovial  cavity  of  tbe  shoulder- 
joint. 

RelatioES. — By  its  posterior  surface,  with  the  Deltoid,  the  Trapezius,  Latissimus 
dorsi,  and  the  integument ;  by  its  anterior  surface ^  with  the  scapula,  from  which 
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Fio.  805.— Miiicle«  on  the  dorsum  of  tlie  Senpula  and  the  Triceps. 

it  is  separated  by  the  suprascapular  and  dorsalis  scapulae  vessels,  and  with  the 
*  oapanlar  ligament  of  the  ahoulder-joint.  Its  hnver  border  is  in  contact  with  the 
Teres  minor,  occa^ioually  united  with  it,  and  with  the  Terc?  major. 

The  Teres  minor  is  a  narrow,  elongated  muscle,  which  lies  along  the  inferior 
border  of  the  scapula.  It  arises  from  the  dorsal  surface  of  the  axillary  border  of 
the  scapula  for  the  upper  two-thirds  of  its  extent,  nnd  from  two  aponeurotic 
latninie,  one  of  which  separates  this  muscle  from  the  Infraspinatus,  the  other  from 
the  Teres  major:  its  fibres  pass  obliquely  upward  and  outward,  and  terminate 
in  a  tendon  which  is  inserted  into  the  lowest  uf  the  three  facets  on  the  great 
tuberosity  of  the  humerus,  and,  by  fleshy  fibres,  into  the  humerus  immediately 
below  it.  The  tendon  of  tins  luuscle  ])asses  across  the  caj^sidar  ligament  of  the 
shouldcr-jnint. 

EelatioEB.^ — By  its  posterior  surfaee^  with  the  Deltoid^and  the  integument; 
by  its  anterif^r  nmfnet\  with  the  scapula,  and  dorsal  branch  of  the  subscapular 
artery,  the  long  head  of  the  Triceps,  and  the  shoulder-joint;  by  its  upper  horder, 
with  the  Infraspinatus;  by  its  hiwer  harder^  with  the  Teres  major^  from  winch  it 
is  separated  anteriorly  by  the  long  head  of  the  Triceps. 

The  Teres  major  is  a  broad  and  somewhat  flattened  muscle,  which  arises  from 
the  dorsal  aspect  of  the  inferior  angle  of  the  scapula,  and  from  the  fibrous  septa 
interposed  between  it  and  the  Teres  minor   and   Infraspinatus;  the  fibres  are 
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directed  upward  and  outward,  and  terminate  in  a  flat  tendon,  about  two  inches 
in  lengtli,  which  is  inserted  into  the  internal  hicipital  ridge  of  the  humerus.     The 
tendon  of  this  mu.^cle,  ar  it8  insert  inn   into  the  humerus,  lies  behin<i  that  of  the 
Latissimus  dorsi,  from  which  it  is  separated  by  a  synovial  bursa,  the  two  tendons  J 
being,  h'twever,  united  ahmg  their  hiwer  borders  for  a  short  distance. 

RelationB. — ^By  its  posterior  mirfaee^  with  the  integument,  from  which  it  ia 
separared.  internally,  hy  the  Latissimus  dorsi ;  and  externally,  by  the  long  head 
of  the  Triceps ;  by  its  anterior  nHrfafe.  with  the  Subscapularis,  Latissimus  dorsi, 
Coraco-brachiaiis^  short  head  of  the  BicepH,  the  axillary  vessels,  and  brnchial 
plexus  of  nerves.  Its  itpper  Itonhr  is  at  first  in  relation  with  the  Teres  minor, 
from  which  it  is  afterward  separated  by  the  long  head  of  the  Triceps*  Its  lower 
bonhr  forms,  in  conjunction  with  the  Latissimus  dorsi,  part  of  the  posterior 
boundary  of  the  axilbi. 

Nerves, — The  Supra-  and  Infraspinatus  muscles  are  su|>plied  by  the  suprascap^J 
ular  nerve  ;  the  Teres  minor,  by  the  circumflex  ;  and  the  Teres  major,  by  the' 
lo  w  e  r  s  1 1 1 1  sea  j  u  1 1  a  r . 

Actions, — The  Supraspinatus  assists  the  Deltoid  in  raising  the  arm  from  the 
side,  and  fixes  the  head  of  the  humerus  in  its  socket.  The  Infraspinartis  and 
Teres  minor  rotate  the  tiead  of  the  humerus  outward  :  when  the  arm  is  raised,  theyj 
assist  in  retaining  it  in  that  |»osition  luui  carrying  it  backward.  (Jne  of  the  mostl 
important  uses  of  these  three  muscles  is  the  great  protection  they  afford  to  the 
shoulder-joint,  the  Supraspinatus  supporting  it  above,  and  preventing  displacement 
of  the  head  of  the  humerus  downward,  while  the  Infraspinatus  and  Teres  minor 
protect  it  behind,  and  prevent  dislocation  forward.  The  Teres  major  assists 
the  Latissimus  dorsi  in  drawing  the  humerus  downward  and  backward,  when  pre- 
viously raised,  and  rotating  it  inward  ;  when  the  arm  is  fixed,  it  may  assist  the 
Pectoral  and  Latissimus  dorsi  muscles  in   drawing   the  trunk  forward, 


THE  AEM, 

Anterior  Humeral  Eegion  (Fig.  303). 

Coraco-brachialis.  Biceps,  Brachialis  anticus. 

Dissection, — The  tirm  being  ]jk<?ed  oa  the  table,  with  the  front  surfitce  uppermost,  make 
a  verticid  iiieisiua  throujrh  tiie  iiiteirument  aloiiir  thw  aiiddle  line,  from  the  outer  extreniitv  of 
the  anterior  fold  of  the  axilla,  to  alxmt  two  inches  below  tlie  elbow-joint,  where  it  shonlfl  be 
joined  by  ii  transverse  inciniont  extendini?  from  the  inner  to  the  <»nter  side  of  the  forearm  ;  the 
two  fiap!3  beinkr  reflected  on  either  side»  the  fascia  should  be  exaiuiaed  (Fig,  30 1 1. 

The  deep  fascia  of  the  arm  is  continuous  with  that  covering  the  shoulder  and 
front  of  the  great  Pectoral  muscle^  by  means  of  which  it  is  attached,  above,  to  th« 
clavicle,  acromion,  and  spine  of  the  scapula;  it  forms  a  thin,  loose,  membranous 
sheath  investing  the  muscles  uf  the  arm,  sending  down  septa  between  them,  and 
composed  of  fibres  disposed  in  a  circular  or  spiral  di recti rm,  and  connected  together 
by  vertical  and  oblique  fibres.  It  differs  in  thickness  at  different  parts,  being  thin 
over  the  Biceps,  but  thicker  where  it  covers  the  Triceps,  and  over  tlie  condyles  of 
the  humerus  :  it  is  strengthened  by  fibrous  aponeuroses,  derived  from  the  Pectoralis 
major  and  Latissimus  d<u'si  on  the  inner  side,  and  from  tlie  Deltoid  externally. 
On  either  side  it  gives  off  a  strong  intermuscular  septum,  which  is  attached  to  the 
condyloid  ridge  and  condyle  of  the  humerus.  These  septar  serve  to  separate  the 
muscles  of  the  anterior  from  those  of  the  posterior  brnchial  region.  The  external 
intermuscular  septum  extends  from  the  lower  part  of  the  external  bicipital  ridge,  I 
along  the  external  condyloid  ridge,  to  the  otiter  condyle;  it  is  blended  with  the 
tendon  of  the  Deltoi<l,  gives  attachment  to  the  Triceps  behind,  to  the  Brachialis 
anticus.  Supinator  h>ngus,  and  Extensor  carpi  radialis  longior,  in  front ;  and  is 
perforated  by  the  muscub>-spiral  nerve  and  superior  profunda  artery.  The  internal 
intermuscular  septum,  thicker  than  the  preceding,  extends  from  the  lower  part  of 
the  internal  lip  of  the  bicipital  groove  below  the  Teres  major,  along  the  internal 
condyloid  ridge  to  the  inner  comlyle ;  it  is  blended  with  the  tendon  of  the  Coraco- 
brachialis,  and  affords  attachment  to  the  Triceps  behind,  and  the  Brachialis  anticos 
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in  front.  It  is  perforated  by  the  ulnar  nerve  and  the  inferior  profunda  and  anasto- 
rantic  arteries.  At  the  elbow  the  deep  faseia  is  attached  to  all  the  prominent 
points  round  the  joint — viz.  thueoDtl\des  uf  tlie  humenis  and  the  oleeranon  process 
of  the  ulnii — and  is  eontinuuus  with  the  deep  fascia  of  tlie  fiuearm.  Just  below  the 
middle  of  the  arm,  on  its  inner  side,  in  front  of  the  internal  intcrmuseular  septum, 
is  an  oval  opening  in  the  deep  fascia  which  transmits  the  basilic  vein  and  some 
lymphatic  vessels.  On  the  removal  of  this  fascia  the  muscles,  vessels,  and  nerves 
of  the  anterior  hnmeral  region  are  exposeil. 

The  Coraco-brachialis,  the  smallest  of  the  three  muscles  in  this  region,  is  sit- 
uated at  the  upper  aud  inner  j>art  of  tht*  arm.  It  arises  by  fleshy  tilires  from 
the  afiex  of  the  coracnid  process,  in  common  with  the  short  bead  of  the  liiceps, 
and  from  the  intermuscular  septum  between  the  two  muscles ;  the  fibres  pfiss 
downward,  backward,  and  a  little  outward,  to  be  inserted  by  means  of  a  flat  ten- 
don into  a  rough  ridge  at  the  middle  of  the  inner  surface  and  internal  border  of 
the  shaft  of  the  humerus  between  the  origins  of  the  Triceps  and  Brachials  anticus. 
It  is  perforated  by  the  muscido-eutaneous  nerve.  Tlie  inner  border  of  tlie  mnscle 
forms  a  guide  to  the  position  of  the  brachial  artery  in  tying  the  vessel  in  the  upper 
part  of  its  course. 

Relations. — By  its  anterior  surface^  with  the  Pectoralis  major  above,  and  at 
its  insertion  with  the  brachial  vessels  and  median  nerve  which  cross  it;  by  its 
mstejior  HHrfti(H\  with  the  ieiulons  of  the  Subseajiuhiris,  Latissimys  dorsi,  and 
Teres  major,  the  inner  head  of  the  Triceps,  the  humerus,  and  the  anterior  circum- 
flex vessels ;  by  its  inner  border,  with  the  brachial  artery,  and  the  median  and 
muscub>cutaneous  nerves;  by  its  mdcr  border^  with  the  short  bead  of  the  Biceps 
and  Brachialis  anticus. 

The  Biceps  {Bieejm  flexor  euhitt)  m  a  long  fusiform  muscle,  oecujung  the  whole 
of  the  jinterior  surface  of  the  arm,  and  divided  above  into  two  portions  or  beads, 
from  which  circumstance  it  has  received  its  name.  The  short  bead  arises  by  a 
thick  flattened  tendon  from  the  a[iex  of  the  coracoid  process,  in  cunnnon  with  the 
Coraco-brachialis.  The  long  head  arises  from  the  supraglenoid  tubercle  on  the 
upper  margin  of  the  glcnoirl  cavity,  by  a  long  rounded  temlon,  which  is  c<uitinuou8 
with  the  glenoid  ligament.  This  tendon  arches  over  the  head  of  the  humerus, 
being  enclosed  in  a  special  sbcatb  of  the  synovial  mt^mhrane  of  the  shoulder- joint ; 
it  then  passes  through  an  opening  in  the  eajjsular  ligament  at  its  attaehment  to  the 
humerus,  aud  descends  in  tbe  bicipital  groove,  in  which  it  is  retained  by  a  flbrous 
prolongation  from  the  tendon  of  the  Pectoralis  major.  The  fibres  from  this  tendon 
form  a  rounded  belly,  and,  about  tbe  middle  of  tbe  arm,  join  with  the  portion  of 
the  muscle  derived  from  the  shcu't  head.  The  belly  of  the  muscle,  narrow  and 
somewhat  flattened,  terjuinates  above  the  elbow  in  a  flattened  tenrloii,  which  is 
insertefl  into  the  back  part  of  the  tuberosity  of  the  radius,  a  synovial  bursa  being 
interposed  between  the  tendon  and  the  front  of  the  tuberosity.  The  tendon  of  tbe 
muscle  is  thin  and  broad  ;  as  it  ap|>roaches  the  radius  it  becomes  narrow  and  twisted 
upon  itself,  so  that  its  external  border  becomes  anterior,  and  its  jjosterior  flat  sur- 
face is  applied  to  tbe  back  of  tbe  tuberosity:  opposite  tbe  bend  of  the  eihi>w  the 
tendon  gives  oflf,  from  its  inner  side,  a  bmid  aponeurosis,  the  Inefptta!  fasefa  {memi- 
Inttar  fmeh),  which  [(asses  ol)li4uely  downward  and  inward  across  tbe  brachial 
artery,  and  is  continuous  with  tbe  deep  fascia  of  the  forearm  (Fig.  802).  The 
inner  border  of  this  muscle  forms  a  guide  to  the  position  of  the  vessel  in  tying  tbe 
brachial  artery  in  the  middle  of  the  ann.' 

Relations. — lis  anterior  aurfaee  is  overlapped  above  by  the  Pectoralis  major 
and  Deltoid:  in  tbe  rest  of  its  extent  it  is  covered  by  the  superficial  ami  deep 
fascijie  and  the  integimient.     Its  pusteriftr  surfaee  rests  on  tbe  shoulder-joint  and 

'  A  thint  head  to  the  liieepH  h  owasionally  fnunil  (Theil^  snya  af?  often  lis  once  in  eight  *ir  nine 
subjects),  arising  at  the  upfwr  and  hmor  part  of  the  Unichiiilis  anticiif*,  with  the  tihrtw  of  which  it 
lacoiitimiou-s  and  iristTtea  iiilo  the  bieipiuil  fujteia  and  inner  mde  of  the  icndoii  of  the  Hicep.  In 
miiBt  ca.s4^  thtH  miditional  slip  pasaes  behind  the  briteliiul  artery  in  itn  cotirse  ilown  the  ami.  (Jcca- 
sionallv  the  third  head  cfmeists  of  IwoBlipn  whifh  puss  down, one  in  front, the  other  behind  thearteiy, 
oonceaiing  the  yessel  in  tbe  lower  half  of  th«?  tinn. 
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hiimeras,  from  which  it  is  separated  by  the  Subscapularis,  Teres  major,  Latissimus 
dorsi,  Braehialis  anticus,  and  the  miisculo-eutaneniis  nerve.  Its  hvner  bonh'r  is 
in  relation  with  the  Conico-biachialis,  the  brachial  vessels,  and  median  nerve;  its 
outer  harder,  with  the  Deltoid  and  Sopinator  longus. 

The  Brachialis  aaticua  is  a  broad  miistde,  Avliieh  covers  the  elbow-joint  and 
the  lower  half  of  the  front  of  the  humerus*  It  is  somewhat  compressed  from 
before  backward,  and  is  broader  in  the  middle  than  at  either  extremity*  It  arises 
from  the  lower  half  of  the  outer  and  inner  8urfaces  of  tLe  shaft  of  the  humerus, 
and  commences  above  at  the  insertion  of  the  iJeltoiil,  which  it  embraces  by  two 
angular  processes.  Its  origin  extends  below%  to  within  an  inch  of  the  margin  of 
the  articular  surface,  and  is  limited  on  each  side  by  the  external  and  internal 
borders  of  the  shaft  of  the  humerus.  It  also  arises  from  the  iotermuscidar  septa 
on  each  side,  but  more  extensively  from  the  inner  than  the  outer,  from  which  it  is 
se[mrated  below  by  the  Supinator  longiis  and  Extensor  carpi  radialis  longior.  Its 
fibres  converge  to  a  thick  tendon,  which  is  inserted  into  a  rough  depression  on  the 
inferior  surface  of  the  coronoid  process  of  the  ulna,  being  received  into  an  interval 
between  two  fleshy  slips  of  the  Flexor  digitorum  profundus. 

Eelationa, — By  its  anterior  surface^  with  the  Biceps,  the  brachial  vessels, 
musctdrncutaneous,  and  median  nerves  ;  by  its  posterior  8ifrf(tet\  with  the 
humerus  and  front  of  the  elbow-joint ;  by  its  inner  border^  with  the  Triceps,  ulnar 
nerve,  and  Pronator  radii  teres,  from  which  it  is  separated  by  the  intermuscular 
septum  ;  by  its  otiter  borderj  with  the  musculo-spiral  nerve,  radial  recurrent 
artery,  the  Supinator  loegus,  and  Extensor  carpi  radialis  longior* 

Nerres.— The  muscles  of  this  group  are  supplied  by  the  muscnhvcutaneous 
nerve,  but  the  nerve  to  the  Coraco-brachialis  is  often  an  independent  branch  of 
the  outer  cord  of  the  Brachial  plexus.  The  Brachlalis  anticus  usually  receives 
an  additional  filament  from  the  musculo-spirah 

ActionSi — llie  Coraco-liracljialis  draws  the  humerus  forward  and  inward,  and 
assists  in  f levating  it.  The  Biceps  is  a  flexor  of  the  forearm  :  it  is  also  a  sujunator, 
and  makes  tense  the  deep  fascia  of  tbe  forearm  by  means  of  the  bicipital  fascia. 
The  Brachialis  anticus  is  a  flexor  of  the  forearru,  and  protects  the  elbow-joint. 
When  the  forearm  is  fixed,  the  Biceps  and  Brachialis  anticus  flex  the  arm,  as  is 
seen  in  efforts  of  climbing. 


Posterior  Humeral  EegioE. 
Triceps.  Subanconeus. 

The  Triceps  (Triceps  extenmr  ciihiti)  (Fig.  305)  is  situated  on  the  back  of  the 
arm,  extending  the  entire  length  of  the  posterior  surface  of  the  humerus.  It  is  of 
large  size,  and  divided  above  into  three  parts;  hence  its  name.  These  three 
portions  have  been  named  (1)  the  middle,  scapular,  or  long  head;  (2)  the  external, 
or  long  humeral ;  and  (3)  the  interna),  or  short  humeral  head. 

The  middle  or  scapular  head  arises,  by  a  flattened  tendon,  fr<un  a  rough 
triangular  depression  immediately  below  the  glenoid  cavity,  being  blended  at  its 
upper  jiart  with  the  capsular  ligament:  the  muscular  fibres  pass  downward 
between  the  two  other  portions  of  the  muscle,  and  join  with  them  in  the  common 
tendon  of  insertion, 

The  external  head  arises  from  the  posterior  surface  of  the  shaft  of  the  humerus, 
between  the  insertion  of  the  Teres  minor  and  the  ujtper  part  of  the  musculo-spiral 
groove;  from  the  external  border  of  the  humerus  and  the  external  intermuscular 
septum  :  the  fibres  from  this  origin  converge  toward  the  common  tendon  of 
insertion. 

The  internal  head  arises  from  the  posterior  surface  of  the  shaft  of  the  humerus, 
below^  the  groove  for  the  musculo-spiral  nerve ;  commencing  above,  narrow  and 
pointed,  below  the  insertion  of  the  Teres  major,  and  extending  to  within  an  inch 
of  the  trochlear  surface:  it  also  arises  fnuu  tlie  internal  border  of  the  humerus 
and  internal  intermuscular  septum.     The  fibres  of  this  portion  of  the  muscle  are 
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directed,  some  downward  to  tbe  olecranon,  whilst  others  converge  to  the  conmjon 
tendon  of  insertion. 

The  common  tiudon  of  the  Triceps  commences  about  the  middle  of  the  back  part 
of  the  muscle:  it  consists  of  two  aptmeurotic  laminap,  one  of  whirh  is  subcutaneous 
and  covers  the  posterior  surface  of  the  muscle  ffn-  the  lower  half  *»f  its  extent ;  ibe 
^OtJI^r  is  more  deeply  seated  in  the  sybstance  of  the  muscle  :  after  receiving  the 
attachment  of  the  mu>^cular  fibres,  they  join  together  above  the  elbow,  and  are 
inserted,  for  the  most  part,  into  tbe  back  part  of  the  upper  surface  of  tbe  ok^cranon 
process  ;  a  band  of  fibres  is,  however,  continued  clownvvard,  on  tbe  outer  side, 
over  the  Anconeus,  to  blend  with  the  deep  fascia  of  tbe  forearm.  A  small  bursa, 
occaiiionally  miiltilocular,  is  situated  on  the  front  part  of  this  surface,  beneath  the 
tendon. 

The  long  head  of  the  Triceps  descends  between  the  Teres  minor  nud  Teres, 
major,  dividing  the  triangular  space  between  these  two  muscles  and  tbe  humerus 
into  two  smaller  spaces,  one  triangubir,  the  other  (piadrangular  (Fig.  30.5).  The 
t  r  i  an  g  u  1  a  r  s  pace  con  t  a  i  n  s  the  d  o  rsal  i  s  sea  p  n  1  ^e  v  esse  Is;  it  is  bo  u  n  d  ed  by  the  T  eres 
minor  above,  the  Teres  major  below,  and  the  scajudar  head  of  tbe  Tricepa 
externally:  the  quadrangular  sjiace  transmits  the  posterior  circtimflex  vessels 
and  the  circumflex  nerve;  it  is  bounded  by  the  Teres  minor  above,  the  Teres 
major  beb»w,  the  scapular  head  of  the  Trice] ts  internally,  and  the  humerus  exter- 
nally. 

Relations* — By  its  posterior  surface^  with  the  Deltoid  above :  in  tbe  rest  of  its 

extent  it  is  subcutaneons ;  by  its   attterior  iturfftn\  with   tbe  humerus,  musculo- 

spiral  nerve,  superior  profunda  vessels,  and  back   part  of  the  elbow -joint.     Its 

middle  or  lomf  hend  is  in  relation,  behind,  with  the  Deltoid  and  Teres  minor;   in 

•  front,   with   the  Subscapularis,   Latissimiis  dorsi,  and  Teres  major. 

Tiie  SnbaEConeus  is  a  name  given  to  a  few  fibres  from  tbe  lower  part  of  the 
Triceps  muscle,  which  are  inserted  iuto  tbe  posterior  ligament  nf  the  elbow-joint. 
By  some  authors  it  is  regarded  as  the  analogue  of  the  Suberureus  in  the  lower 
limb,  but  it  is  not  a  separate  muscle, 

Nerves.^ — The  Triceps  is  supplied  by  tbe  musculo-spiral  nerve. 

Actions. — The  Triceps  is  the  great  extensor  muscle  of  the  forearm,  serving, 
when  tbe  forearm  is  flexed,  to  extend  the  elbow-ji>iut.  It  is  the  direct  antagnnist 
of  the  liiceps  and  Brachials  auticus.  When  the  arm  is  extcndcfi  the  bmg  head 
of  the  muscle  may  assist  tbe  Teres  major  and  Latissimus  dorsi  in  drawing  the 
humerus  backward  and  in  adducting  it  to  the  thorax.  Tbe  long  head  of  the 
Tricejis  protects  the  under  part  of  tbe  shoulder-joint,  and  prevents  displacement 
of  the  head  of  the  humerus  downward  and  backward.  The  Subanconeus  draws^ 
up  the  jiosterior  ligament  during  extension  of  the  forearm. 

Smrgical  Anatomy. — The  existence  of  the  b^ui'l  of  fibres  from  the  Trieejis  to  the  fascia  of 
tfic  fuRnmu  is  uf  iajjiortanee  in  excision  of  the  ellMyw,  and  sbmilti  iilwavs  be  carefnlJy  preserved 
fnmi  iajiiry  by  the  ouorutor,  as  by  means  nf  thtM'  fibres  the  jauticnt  is  eaabled  to  extend  the 
iorearm,  a  moveujent  which  would  otherwise  nuiinly  he  aecompli^^bed  by  gravity;  that  is  to  say, 
allowing  the  forearm  to  drop  from  it^  own  weight. 

THE  FOREARM. 
DiBsection. — Tu  disstx*t  the  ibirarni,  place  the  limb  in  tlje  position  indicated  in  Fip.  301 ; 
make  a  vertical  incision  alon^r  the  middle  line  troni  the  cUhjw  tu  the  wrist,  ami  a  transverse 
ineiflion  at  the  exiremily  of  this;  the  snperticial  structures  bein^'  removed,  the  deep  fascia  of 
the  forearm  is  exposed. 

The  deep  fascia  of  the  forearm,  continuous  above  with  that  enclosing  the  arm, 
is  a  dense,  liigbly  glistening  a]»oneurt>iic  investment,  ^vhieh  forms  a  general  sheath 
enclosing  the  muscles  in  this  rt?gion  ;  it  is  attached*  behind,  to  the  (decranon  and 
posterior  border  of  the  ulna,  and  gives  uW  from  its  inner  surface  ntimerons  inter- 
muscular septa,  which  enclose  each  muscle  se|>arately.  Below,  it  is  continuous  in 
front  with  ilie  anterior  annular  ligament,  and  forms  a  sheath  for  the  tendtm  of  the 
Palmaris  longus  muscle,  which  passes  over  the  annnlar  ligament  to  be  inserted 
into  the  palmar  fascia.     Behind,  near  the  wriBt-joint,  it  becomes  mueii  thickened 
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by  tlie  addition  of  many  transverse  fibres,  and  forms  the  posterior  annular  liga^ 

ment.  It  conmsts  of  circular  and  oblique  fibres,  connected  together  by  numerous 
vertical  fibres.  It  is  much  thicker  on  the  dorsal  than  on  the  palmar  surface,  and 
at  ilie  lower  thuri  at  the  ujipcr  part  of  the  forearm,  and  is  sttrengthened  by 
tendinous  fibres  derived  from  the  Brachialis  anticus  and  Biceps  in  front,  and  from 
the  Triceps  behind*  Its  inner  surface  gives  origin  to  muscular  fibres,  especially 
at  the  npper  part  of  the  inner  and  outer  sides  of  the  forearm,  and  forms  the 
boundaries  of  a  series  of  conical-shaped  cavities,  in  which  the  muscles  are 
contained.  Besides  the  vertical  septa  separating  eacli  muscle,  transverse  septa  are 
given  off  both  nn  the  anterior  and  posterior  surfaces  of  the  forearm,  scjiarating  the 
deep  from  the  superficial  layer  of  muscles.  Numerous  apertures  exist  in  the  fascia 
for  the  passage  of  vessels  and  nerves ;  one  of  these,  of  large  size,  situated  at  the 
front  of  the  elbow,  serves  for  the  passage  of  a  communicating  branch  between  the 
superficial  and  deep  veins. 

The  musclt's  of  the  forearm  may  be  subdivided  into  groups  corresponding  to 
the  region  they  occupy.  One  group  occupies  the  inner  and  anterior  aspect  of  the 
forearm,  and  comprises  the  Flexor  and  Pronator  muscles.  Another  group  occupies 
its  outer  side,  and  a  third  its  posterior  aspect-  The  two  latter  groups  include  all 
the  Extensor  and  Supinator  muscles. 


Anterior  Radioulnar  Region* 

Sitperjivlal  Lat/er, 

Pronator  radii  teres.  Flexor  carpi  ulnaris. 

Flexor  carpi  radialis.  Flexor  sublirais  digitorum. 

Ptdmaris  longus. 

These  muscles  take  origin  from  the  interna!  condyle  of  the  humerus  by  a 
common   tendon. 

The  Pronator  radii  teres  arises  by  two  heads*  One,  the  larger  and  more 
superficial,  arises  from  the  htimerus,  immediately  above  the  internal  condyle,  and 
from  the  tendon  common  to  the  origin  of  the  other  muscles  ;  also  from  the  fascia 
of  the  forearm  and  intermuscular  septum  between  it  and  the  Flexor  carpi  radialis. 
The  other  bead  is  a  thin  fasciculus  Avhich  arises  from  the  inner  side  of  the 
coronoid  process  of  the  ulna,  joining  the  preceding  at  an  acute  angle.  Between 
the  two  heads  passes  the  mediiin  nerve,  Tlic  muscle  jiassei^  oblitpR'ly  across  the 
forearm  from  the  inner  to  the  outer  side,  and  terminates  in  a  flat  tendon,  which 
turns  over  the  outer  margin  of  tlie  radius,  and  is  inserted  into  a  rough  impression 
at  the  middle  of  the  outer  surface  of  the    shaft  of  that  bone. 

Relations. — By  its  auU'rior  surfan'y  with  the  deep  fascia,  the  Supinator  longus, 
and  the  radial  vessels  and  nerve;  by  lis  posterior  ntrfaee,  with  the  Bmchialis 
anticus.  Flexor  sublimis  digitorum,  the  median  nerve,  and  ulnar  artery,  the  small 
or  deep  head  being  interposed  between  the  t>vo  latter  structures.  \t^  outer  Iwrder 
forms  the  inner  boundary  of  a  triangular  space  {vuhiftt!  fossa)  in  which  is  placed 
the  brachial  artery,  median  nerve,  and  tendon  of  the  Biceps  muscle.  Its  hmcr 
border  is  in  contact  with  the  Flexor  carpi  radialis. 

Surgical  Anatomy.— Tliis  must'le.  wbea  suddenly  brought  iato  very  active  use ,  as  in  tbe 
gaoie  of  iiiwu  tennis,  is  :ipt  to  b«  strained,  producing  slight  swelliiiir,  tenderness,  and  pain  on 
putting:  the  nuLsole  into  aeiion.     This  is  kiwnvn  as  *Mawn-tennis  arm." 

The  Flexor  carpi  radialis  lies  un  the  inner  side  of  the  preceding  muscle.  It 
arises  from  the  internal  condyle  by  the  common  tendon,  fmm  the  fascia  of  the  fore* 
arm,  and  fnun  the  intermuscular  scfita  between  it  and  the  Pronator  radii  teres,  on 
the  outside,  the  Palmaris  h)nt:ns  internally,  and  the  Flexor  sublimis  digitorum 
beneath.  Slender  and  aponeurotic  in  structure  at  its  commencement,  it  increases 
in  size,  and  terminates  in  a  tendon  which  forms  the  lower  two-thirds  of  its  length. 
This  tendon  passes  through  a  canal  on  the  outer  side  of  the  annular  ligament, 
runs  thrrmgh  a  groove  in  the  os  trape/aum  (which  is  converted  into  a  canal  by  a 
fibrous  sheath,  and  lined  by  a  synovial  membrane),  and  is  inserted  into  the  base 


I 


480 


THE  JfUSCLES  AND   FASCIjE. 


of  tlie  metacarpal  bane  of  the  index  fiBger,  and  by  a  slip  into  the  base  of  the 
motucarpal  bone  of  the  middl*.*  finger.  The  radial  arterv  lies  between  the  tendon 
of  tlji&  nnisi'le  and  the  Supinator  kmgas,  and  may  t-asily  be  tied  in  this  situation. 
Eelations.^-By  lU  m(pvr fir ial surface,  witli  the  deep  fascia  nnd  the  internment ; 
by  ii8  df'vp  surface,  with  the  Flexor  suhlimis  digitoriim.  Flexor  hmgut*  pollicis,  and 
wrist-joint;  by  its  outer  border,  viiih  tlie  Pronator  radii  teres  and  the  radial  vessels; 
by  its  huhr  It^rder,  with  the  Falmaris  long  us  above  and  the  median  nerve  below. 
Thu  Palmaris  longiiB  is  a  slender,  fnsifoiTo   mnscle  lying  on   the  inner  .side  of 

the  preceding.  It  arises  from  tlie  inner  condyle  of 
the  burner  us  by  the  common  tcn<btn,  fr<>m  the  4lee]> 
fascia,  and  the  interiouscnlar  septa  between  it  and 
the  adjacent  nniscles.  It  terminates  in  a  Blender, 
flattened  tendon  which  passes  over  the  annular 
ligament  to  end  in  the  ]>almar  fascia,  fretpiently 
sending  a  tendinous  slij)  to  the  short  muscles  of 
tlie  thumb.  TLis  mnscle  is  often  absent ;  or  it 
may  lie  tendinous  ahove  and  ninscular  below  ;  or 
muscular  lit  both  extremities  of  a  middle  tendon* 

Relations, — By  it.s  deep  mrface,  with  the  Flexor 
sublimit  digitoruin  ;  ifdirnalh/,  with  the  Flexor  carpi 
nlnaris ;  *\rt*'rfhiUff,  with  tbe  Flexor  cjirpi  radialis. 
The  median  nerve  lies  close  to  tbe  tendon,  just 
above  the  wrist,  on  its  inner  and  posterior  side. 
The  Flexor  carpi  nlnaris  lies  along  the  nlnar 
side  of  the  forearm.  It  arises  by  two  heads  con- 
nected by  a  tendinous  arch,  beneath  which  pasa 
the  nlnar  nerve  and  posterior  idnar  recurrent 
artery.  One  heail  arises  from  the  inner  condyle 
of  tbe  hnmeriis  by  the  common  tendon ;  the  other, 
from  the  inner  margin  of  the  olecranon  by  an 
aponeurosis  which  arises  also  from  the  upper  two- 
thirds  of  the  posterior  border  of  the  ulna,  in  com- 
mon with  the  Extensor  carpi  nlnaris  and  the  Flexor 
profundus  digitomm ;  other  fibres  spring  from  the 
sej^tum  between  it  and  the  Flexor  sublimis  digito- 
mm. The  fibres  terminate  in  a  tendon  which  occu- 
pies the  anterior  part  of  the  lower  half  of  the 
muscle,  and  is  inserted  into  the  pisiform  bo  lie,  and 
is  prolonged  from  this  to  the  fifth  metacarpal  and 
unciform  hones  by  the  piso-metaearpal  and  piso- 
uncinate  ligaments  and  to  tbe  annular  ligament. 
The  ulnar  artery  lies  on  the  outer  side  of  the 
tendon  of  this  rausclct  in  the  lower  two-thirds  of 
the  forearm,  the  tendon  forming  a  guide  in  tying 
the  vessel  in  this  situation. 

Relations. — By  its  sujferfcial  surface^  with  the 
deep  fascia,  with  wbicli  it  is  intimately  connected 
for  a  considerable  extent;  by  its  drcp  »urfaci\ 
with  the  Flexor  sublimis  digitorum»  the  Flexor 
profundus  digitomm,  tbe  Pronator  quadratus,  and 
the  ulnar  vessels  and  nerve :  by  its  mtter  or  radial 
border^  with  tbe  Pahnaris  longus  above,  and  tbe 
ulnar  vessels  and  nerve  belmv* 

Tbe  Plexor  suliUmia  digitomm  (perforatus)  is 
placed  beneath  the  preceding  muscles,  which  therefore  must  be  removed  in  order 
to  bring  its  attachment  into  view.  It  is  the  largest  of  tbe  muscles  of  the  super- 
ficial layer,  and  arises  by  three  beads.     One  bead  arises  from  tbe  internal  condyle 


Flo.  :«36.— Front  of  the  lelt  forearm. 
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of  the  humerus  by  the  common  tendon,  from  the  internal  lateral  ligament  of  the 
elf Kiw-ji tint,  and  from  the  intermyscular  septum  common  to  it  and  the  pre- 
cedinjL^  muscles.  The  second  head  arises  from  the  inner  side  of  the  cr>ronoid 
process  of  the  ulna,  above  the  ulnar  origin  of  the  Pronator  radii  teres  (Fig.  200, 
p.  255),  The  third  bead  arises  from  the  oblique  line  and  from  a  portion  of 
the  anterior  border  of  the  nulius,  extending  to  just  below  the  insertion  of 
the  I*ronator  radii  teres.  The  fibres  piiss  vertically  downward,  forming 
a  broad  and  thick  muscle,  which  divides  into  four  tendons  about  the 
middle  of  the  forearm;  as  these  tendons  pass  beneath  the  annular  ligament 
into  the  palm  of  the  hand  they  are  arranged  in  pairs,  the  anterior  |>air  corre* 
8pondiiig  to  the  middle  and  ring  fingers,  the  posterior  pair  to  the  index  and 
little  fingers.  The  tendons  diverge  from  cme  another  as  thev  pass  onward. 
Opposite  the  base  of  the  first  phalanges  each  tendon  divides  into  two  slips,  to 
allow  of  the  passage  of  the  corresponding  tendons  of  the  Flexor  pr^tfundus 
digitorum  ;  the  two  portions  <>f  the  lendon  then  unite  and  form  a  grooved  channel 
for  the  reception  of  the  accom|>anying  deep  flexor  tendon.  Finally  they  subdivide 
a  second  time,  to  be  inserted  into  the  sides  of  the  second  |*balanges  about  their 
middle.  After  leaving  the  palm  these  tendons,  accompanied  by  the  deep  flexor 
tendons,  lie  in  osseo-ajjoneurotic  canals  foimed  by  the  fibrous  sheath  of  the  tendons 
and  the  bones  (Fig,  3H>). 

Eelationa.^In  the  forearm,  by  its  miperjivial  mirfaee,  with  the  deep  fascia  iind 
all  the  |irecedingsu])erficial  UBiscles:  by  iX%deep  sHrf(ta\  with  the  Flexor  profundus 
digitorum.  Flexor  longus  poUieis,  the  ulnar  vessels  and  nerve,  and  the  median 
nerve.  In  the  hand  its  tendons  are  in  relation*  in  fronts  with  the  palmar  fascia, 
superficial  palmar  arch,  and  the  branches  of  the  median  nerve;  behind^  with  the 
tendons  f*f  the  deep  Flexor  and  the  Lumbricales, 

PibrouB  Slieatli  of  the  Flexor  Tendons.— The  flexor  tendons  of  the  fingers  as 
they  run  along  the  phalanges  are  retainetl  against  the  bones  by  a  fibrous  sheath, 
forming  osseo-aponeurotic  canals.  These  sheaths  are  formed  by  strong  fibrous 
bands  which  arch  across  the  tendons  ami  are  attached  on  each  side  to  the  margins 
of  the  phalanges.  Opposite  the  middle  of  the  proximal  and  second  phalanges  the 
Bheath  is  very  strong,  and  the  fibres  pass  transversely;  hut  opposite  the  joints  it  is 
much  thinner,  and  the  fibres  pass  obliquely.  Each  sheath  is  lined  hy  a  synovial 
membrane,  which  is  rellected  on  the  cimtained  tendon. 

Deej}  Layer. 

Flexor  profundus  digitorum-  Flexor  longus  pollicis. 

Pronator  ijua<lratus. 

DifisectioE. — Divide  each  of  the  superfieird  ujiLscles  at  its  centre,  and  turn  either  end  asiiJe; 
the  deep  layer  of  museles,  together  with  the  uiediau  aerve  and  ulnar  vea^la,  will  then  be 
exp<>s*.'d. 

The  Flexor  profundus  digitonim  (perforans)  (Fig,  307)  is  situated  on  the 
ulnar  side  of  the  forearm,  immediately  beneath  the  superficial  Flexors.  It  arises 
from  the  upper  three-fourths  of  the  anterior  and  inner  surfaces  of  the  shaft  of  the 
ulna,  embracing  the  inserti<ui  of  the  Crachiarlis  anticiis  above,  and  extending, 
below,  to  witliin  a  short  distance  of  the  Pronator  qiiadiatus.  It  also  arises  from  a 
depression  on  the  inner  side  of  the  coronoid  (>rocess;  by  an  aponeurosis  from  the 
upfier  three-fourths  of  the  posterior  border  of  the  ulna,  in  common  with  the  Flexor 
and  Extensor  car[>i  ulnaris  ;  and  from  the  ulnar  half  of  the  interosseous  membrane. 
The  fibres  form  a  fleshy  belly  rd^  considerable  size,  which  divides  into  four  tendons: 
these  pass  under  the  nnnular  ligament  beiu^ath  the  tendons  of  the  Fiexor  sublimis 
digitorum.  Opposite  the  first  idialanges  the  tendons  pass  between  the  two  slips  of 
the  tendons  of  the  Flexor  sublimis  digitorum,  and  are  finally  inserted  itjtu  the 
bases  of  the  last  phalanges.  TIil*  tendon  of  the  index  finger  is  distinct ;  the  rest 
are  connected  together  by  ctdlular  tissue  and  tendinous  slips  as  far  as  the  palm  of 
the  hand.  The  tendons  of  this  and  those  of  the  Flexor  sublimis  digitorum,  whilst 
contained  in  the  osseo-aponeurotic  canals  of  the  fingers,  are  invested  in  a  synovial 


THE  MUSCLES  AND   FASCIA. 


V. 


sheath,  and  are  cuDiiected  to  each 
other  and  to  the  phalanges  hy  slender 
tendmnn.s  fi  hi  meets,  ealled  vinruhi 
a  cct'SHt  i  rid  ttiu/inffm,  O  ikm  *f  X  h  ese  c  on  - 
nects  the  deeft  tend<>n  t(»  the  bone  be- 
fore it  pa^sses  through  the  siiperfieial 
tendon ;  a  second  connects  the  two 
tendons  together,  after  the  deep  ten- 
dons have  pasi^ed  through ;  and  a 
third  connects  the  deej)  tendon  to  the 
head  of  t  b  e  s ee n  n  d  p h  a  hi  n  x .  T  h  h  hi  s  t 
consists  hirgely  of  yclhjw  elastic  tissue, 
and  njay  assist  in  drawing  down  the 
tendon  after  flexion  of  tlie  fingei\* 

Four  small  nmscles,  the  Liini- 
brieales,  are  connected  with  the  ten- 
dons  uf  the  Flexor  |irofundns  in  the 
palm.  Tliey  will  be  described  with 
the  muscles  in  ihat  region. 

Eelations. — By  its  »upe7*f!cial  ^»r- 
fiirtr.  in  tbe  forearm,  with  the  Flexor 
snblimis  digitonim,  the  Flexor  carpi 
nlnaris*  the  ulnar  vessels  and  nerve, 
and  the  median  nerve;  and  in  the 
hanil,  with  the  tendons  of  the  super- 
ficial Flexor;  by  its  thep  surf ii(u\  in 
the  fonjirm,  with  the  nlna*  the  in- 
terossen*is  niemloane,  the  Pronator 
(|imdratus  ;  and  in  the  hand,  with  the 
interos^ei.  Adductor  pollicis,  and  deep 
pntmar  arch  ;  by  its  ulmtr  border,  with 
the  Flexor  carpi  ulnaris  ;  by  hsnitfitif 
iordrr,  with  the  Flexor  longns  pollicis, 
the  anterior  interosseous  vessels  and 
nerve  being  inter[iosed. 

The  Flexor  longus  pollicis  is  situ* 
sted  on  the  radial  sithj  of  the  forearnK 
lying  on  the  same  plane  as  the  pre* 
ceiling.  It  arises  from  tbe  grooved 
anterior  surface  of  tbe  shaft  of  the 
radius,     conoaencing    above,     immc- 

'^Mj^fj^M  ^^tS^^^!!S^\  diately  below  the   tuberosity  and  oh* 

**'  liijue  line,  and  extending    behAv    to 

within  a  short  distance  of  the  Pro- 
nator (luadiatus.  It  also  ainses  from 
the  adjacent  part  of  tbe  intcrosi«eous 
Uiemhrane,  and  generally  by  a  Heshy 
slip  from  the  base  of  the  coronoid 
process.  The  fibres  pas8  d*»wnwat*d, 
and  terminate  in  a  flattened  tendon 
which  itasscs  l^encath  the  annular 
ligairicnt,  is  then  lodged  in  the  in- 
terspace between  the  outer  bead  of 
^:i%    ^j^  the    Flexor    brevis    pollicis   and    the 

Adductor  obi ii plus  pollicis,  and    en- 

Fi».W7-Froot  of  the  left  forearm.   D^pmmcXeB.       tering     au     nsseo-aponeurotic     canal 
'  Mai^haU,  BriL  and  For.  Med.'aiit.  iZet.,  1853. 
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similar  to  those  for  tbe  other  flexor  tendons,  is  inserted  into  the  base  of  the 
last  plialanx  of  the  thiiinb. 

RelatioEB.^ — ^By  its  mperficiaf  surface,  with  tbe  Flexor  sublimis  digitonim, 
Flexor  carpi  radialis.  Supinator  hjiigtis,  and  mdial  vessels ;  by  its  deep  surface, 
with  the  radius,  interosseous  membrane,  and  Pronator  ijuadratiis;  by  its  ulnar 
border^  with  the  Flexor  profundus  digitorum,  from  which  it  is  separated  by  the 
anterior  interosse<*u.s  ves^sels  and  nerve. 

Tbe  Pronator  quadratus  is  a  small,  flat,  qtiadrilateral  muscle,  extending  trans- 
versely across  the  front  of  the  radius  and  ulna,  above  their  carpal  extremities,  It 
arises  from  the  obli(|ue  or  pronator  ridge  on  the  lower  part  of  the  anterior  surface 
of  the  shaft  of  the  ulna;  from  the  lower  fourtb  of  the  anterior  surface  antl  the 
anterior  bonier  of  the  ulna  ;  and  from  a  Btrong  a|>oneurosis  which  covers  the  inner 
third  of  the  muscle.  Tbe  fibres  pass  borizontally  outward,  to  he  inserted  into 
the  lower  fourth  of  the  anterior  surface  and  anterior  border  of  the  shaft  of  the 
radius. 

Relations* — By  its  mperjieial  isurfact\  with  the  Flexor  profundus  digitorum,  the 
Flexor  lungus  ]>o!lieis.  Flexor  carpi  radialis,  and  the  radial  vessels;  by  its  deep 
surface,  witii  the  radius,  ulna,  and  interosseous  membrane. 

Nerves. ^AIl  the  muscles  of  the  su|>erficial  layer  are  supplied  by  the  median 
nerve,  excepting  the  Flexor  ciir]»i  ulnaris,  which  is  supplied  by  the  ulnar.  Of  tbe 
deep  layer,  the  Flexor  profundus  digitorum  is  supplied  conjointly  by  the  ulnar  and 
by  the  median  through  its  branch,  tbe  anterior  interosseous  nerve,  which  also  sup- 
plies the  Flexor  longus  pollieis  and  Pronator  quadrafus. 

Actions. — These  muscles  act  upon  tbe  foreai-m,  the  wrist,  and  hand.  Tbe 
Pronator  radii  teres  hel]»s  to  rotate  the  radius  upon  the  ulna,  rendering  the  hand 
prone :  when  tbe  radius  is  fixed  it  assists  the  other  muscles  in  llcxing  the 
forearm.  The  Flexor  carpi  radialis  is  one  of  the  tlexors  of  the  wrist ;  when 
acting  alone  it  Hexes  the  wrist,  inclirjitjg  it  to  the  radial  side*  II  can  also 
assist  in  pronating  the  forearm  and  hand,  and,  by  continuing  its  action,  to  bend 
the  elbow.  The  Flexor  carpi  ulnaris  is  one  of  the  tlexors  of  tlie  wrist ;  when 
acting  alone  it  Hexes  the  wrist,  inclining  it  tu  the  ulnar  side,  and,  by  continuing 
to  contract,  to  bend  tbe  elbow.  The  Palmaris  longus  is  a  tensto'  of  the  i»alniar 
fascia.  It  also  assists  in  flexing  the  wrist  and  elbow.  The  Flexor  sidjlimis 
digitonira  flexes  tbe  second  j>lnilanges.  It  assists  in  flexing  the  wrist  and  elbow. 
The  Flexor  profundiLs  digitorum  Ilexes  the  terminal  pbalunges  (see  page  41  >7). 
After  the  Flexor  sublimis  has  bent  the  second  phalanx,  tbe  Flexor  profundus 
flexes  the  terminal  one,  but  it  cnnnot  do  so  until  after  the  contraction  of  the  super- 
ficial muscle.  It  also  assists  in  flexing  the  wrist.  The  Flexor  longus  pollicis  is  a 
flexor  of  the  phalanges  of  the  thumb.  When  the  thumb  is  fixed  it  also  assists  in 
flexing  the  wrist.  The  Pronator  rjuadratus  helps  to  rotate  the  radius  upon  the 
ulna,  rendering  the  band  prone. 


Radial  Region  (Fig.  308). 

Supinator  longus.  Extensor  carpi  radialis  longior. 

Extensor  carpi  radialis  brevior. 


J 


Dissection.— Divide  the  ipte^uinent  in  the  same  maimer  ob  in  the  dissection  of  the  anterior 
brarhial  rcjerion.  and.  after  having  exHinined  the  cutiiiieoiLs  vesst^ls  uimI  neneij  ami  deep  fa^'ia. 
removv  dl  thuse  structures.  Tht-  inns«?les  will  thea  l>e  exposeil.  The  reiuoval  «^f  the  i'uscia  will 
be  contiitleriibly  fticilitated  hy  (Jei^ichinL^  it  friun  lieluw  upward,  tireat  care  should  be  taken  ti> 
avoid  cutiinc:  aoroas  tlie  tonJtjns  of  the  niusrlea  of  the  thumb,  which  erosf?i  ohliijuely  the  larger 
tendons  ninniair  down  the  baek  of  the  radiuti. 

The  Supinator  longus  is  the  most  superficial  muscle  on  the  radial  side  of  the 
forearm  :  it  is  fleshy  tor  the  upper  two-thirds  of  its  extent,  tendinous  bebtw.  It 
arises  from  the  upper  two*thirds  of  the  external  condyloid  ridge  of  the  humerus, 
and    from    the    external    intermuscular    septum,    being    limited    above   by    the 


484 


THE   MUSCLES  AND   FASCT.^. 


i   S 


Fio.  308.~Pti«t«rior  Aurfaee  of  the  fu rearm, 
flclal  mutcles. 


muscuif>-8piral  groove.  The  fibres 
teiminute  above  tTi em iddlo  of  the  fore- 
arm in  u  flat  tendon  wiiich  h  inserted 
into  the  outer  5*1  de  of  the  base  of 
i"i|  the  styloid  procef^s  of  the  radius. 

j^l^  Eelations. — ^By   its   m/perfieia!  sur- 

f(iet\  with  tlie  integument  and  fascia 
for  the  greater  part  of  its  extent  ; 
near  its  insertion  it  h  crosyed  by  the 
Extensor  ossis  metacarpi  pollicis  and 
the  Extensor  brevis  pollicis;  by  its 
A  ;^  A  fhrp  iiu?iaef\  with  the  huDierus,  the 
^f^'^v  1  Extensor  carpi  radial  is  longior  and 
brevior,  the  insertion  of  the  Pronator 
radii  teres,  and  the  Supioator  brevis; 
by  its  inntr  bonier,  above  the  elbow, 
with  the  Brachial  is  anticus,  the 
niuscuhvspiial  oerve,  and  radial  re- 
current artery  ;  and  in  the  forearm 
with   the  radial  vcf^sels  and   nerve. 

The  Extensor  carpi  radialia  longior 
is  placed  |  artly  beneath  the  pre- 
ceding muscle.  It  arises  from  the 
lower  third  of  the  ex  te  run  I  condyloid 
ridge  of  the  htunerus,  and  from  the 
external  internniscuhir  septum.  The 
fibrc^ei  terminate  at  the  upper  third  of 
the  forearm  in  a  flat  tendon,  which 
runs  ahmg  the  outer  border  of  the 
radius,  beneath  the  extensru'  tendons 
of  the  thumb ;  it  then  passes  through 
a  groove  common  to  it  and  the  Ex- 
tensor carpi  radialis  brevior,  imme- 
diately behind  the  styloid  process,  and 
is  inserted  into  the  base  of  the  meta- 
carpal bone  of  the  index  finger,  on  it« 
radial  side. 

Relations, — By  its  gupf'rfctiti  »ur- 
f(}ci\  with  the  Supinator  longtis,  and 
fascia  of  the  forearm ;  its  outtT  mde  is 
crossed  (ldii|uely  by  the  extensor  ten- 
dons of  the  thumb  ;  by  its  litrp  snrfhcey 
wiih  the  el'h^wjoint,  the  Extensor 
carpi  radialis  brevior,  and  back  part 
of  the  wrist. 

The  Extensor  carpi  radialis  brevier 
is  shorter,  as  its  name  imiilies,  and 
thicker  ilian  the  preceding  muscle,  be- 
neath which  it  is  placed.  It  arises 
from  the  external  condyle  of  the 
humerus  by  a  tendon  common  to  it 
and  the  three  following  muscles;  from 
the  external  lateral  ligament  of  the 
el  bow- joint,  from  a  strong  aponeurosis 
which  cover.s  its  surface,  ami  from 
tbe  intermuscular  septa  between  it  and 
Super    ^1^^^  adjacent  muscles.     The  fibres  ter- 
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minate  about  the  middle  of  the  forearm  in  a  flat  tendon  which  is  closely  connected 
with  that  of  the  preceding  njuscle,  and  accompanies  it  to  the  wrist,  lying  in  the 
same  groove  on  the  posterior  surface  of  the  radius;  it  passes  beneath  the  extensor 
tendons  of  the  thumb,  then  beneath  the  annular  ligniueiU,  and*  diverging;  some- 
what from  its  fellow,  is  inserted  into  the  base  of  the  metacarpal  bone  of  the  middle 
finger,  on  its  radial  side. 

The  tendons  of  tlie  tw^o  preceding  muscles  pass  through  the  same  compartnienl 
of  the  annular  ligiiuient,  and  are  hibrieafed  by  a  single  synovial  membrane,  but  ar 
separated  from  each  other  by  a  small  vertical  ridge  of  bone  as  they  lie  in  the 
groove  at   the  hack   of  the  radius. 

Relations.— By  its  HUperfieial  tturfart\  with  the  Extensor  carpi  radial  is  longior, 
and  w  ith  the  Extensor  muscles  of  the  thumb  which  cross  it ;  by  it^  deep  surface^ 
with  the  Supinator  hrevis,  tendon  of  the  Pronator  radii  teres,  radius,  and  wrist- 
joint  ;  by  its  ulnar  border^  with  the  Extensor  communis  digitorum. 

Posterior  Radio-Ulnar  Eegion  (Fig.  308), 

Suptrjicial  Lager, 

Extensor  communis  digitorum.  Extensor  carpi  ulnaris. 

Extensor  minimi  digiti.  Anconeus. 

The  Extensor  comniimis  digitorum  is  situated  at  the  back  part  of  the  foreann. 
It  arises  from  the  external  condyle  of  tht^  humerus  by  the  common  tendon,  fnun 
the  dee|f  fascia,  and  the  intermuscular  sefjta  between  it  and  the  adjacent  muscles. 
Just  below  the  middle  of  the  forearm  it  divides  into  three  tendons,  which  pass, 
together  w^itli  the  Extensor  indicis,  throu*ili  a  separate  compartment  of  the  annular 
ligament,  Inbricated  by  a  synovial  memhrane.  The  tendons  then  diverge,  the 
innermost  one  dividing  into  two;  and  alt  after  passing  across  the  back  of  the 
hantl,  are  inserted  into  the  second  and  third  phalanges  nf  the  fingers  in  the 
following  manner :  Each  tendon  bcciuues  narrow  and  thickened  opposite  the  meta- 
carj)o-phalangeal  articulation,  and  givesnff  a  thin  fasciculus  upon  each  side  of  the 
jointj  which  blends  with  the  lateral  ligaments  and  serves  as  the  posterior  ligament ; 
after  having  passed  the  juint  it  spreads  out  into  a  broad  aponeurosis,  which  covers 
the  whole  of  the  dorsal  surface  of  the  first  phalanx,  being  reinforced,  in  this 
situation,  by  the  tendons  of  the  Interossei  and  Lumbricales.  Opposite  the  first 
phalangeal  joint  this  aponeurosis  divides  into  three  slips,  a  middle  and  two  lateral  : 
the  former  is  inserted  into  the  base  of  the  second  phalanx  ;  and  the  two  lateral, 
which  are  continued  onward  along  the  sides  of  the  second  phalanx,  unite  by 
their  contiguous  margins,  and  are  inserted  into  the  dorsal  surface  of  the  last 
phalanx.  As  the  ten<b*ns  cross  the  phalangeal  joints  they  furnish  them  with 
posterior  ligaments.  The  tendons  of  the  middle^  ring,  and  little  fingers  are 
connected  together,  as  tfiey  cross  the  band,  by  small,  obliipie,  tendinous  slips,  or 
vinctila  :  those  on  each  side  of  the  ring  finger  are  strong,  and  bind  the  tendon  of 
this  finger  closely  to  those  of  the  middle  and  little  finger,  so  that  it  cannot,  in 
general,  be  freely  extended  without  moving  the  other  two.  Sometimes  there  is 
also  a  thin  slip  between  the  tendons  of  the  index  and  middle  fingers.  The  tendons 
of  the  index  and  little  fingers  also  receive,  before  their  division,  the  special  extensor 
tendons  belonging  to  them, 

Relatioiis.— By  its  sinptrfirial  surface,  with  the  fascia  of  the  forearm  and  hand* 
the  posterior  annular  ligament,  and  integument ;  by  its  da^ip  mirfact\  w  Ith  the 
^!^upinator  brevis,  the  Extensor  muscles  of  the  thumb  and  index  finger,  the 
posterior  interosseous  vessels  and  nerve,  the  wrist-joint,  carpus,  metacarpus,  and 
phalanges;  by  ilH  rftdiWf  hordn\  with  the  Extensor  carpi  radial  is  brevior;  by  its 
ulnar  bordf^r,  with  the  Extensor  minimi  digiti  and  Extensor  carju  ulnaris. 

The  Extensor  Tniniini  digit!  is  a  slender  muscle  placed  on  the  inner  side  of 
the  Extensor  communis,  with  which  it  is  generally  connected.  It  arises  from  the 
common  tendon  by  a  thin,  tendinous  slip,  and  from  the  intermuscular  septa 
between    it    and    the    adjacent    muscles.      Its    tendon    runs  through  a  separate 
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compartmont  in  tbe  atinuliir  ligjioient  bebind  the  inferior  radio-ulnar  joint,  tlien 
divides  into  two  as  it  crosses  tbe  hand,  one  slip  being  united  to  the  coninion 
extensor  by  a  cross-piece  at  tbe  metacarpo-pluihtngeal  articulation*  Both  finally 
g]>read  into  a  broad  aponeurosis  which  blends  with  the  common  extensor  to  tbe 
linger,  and  is  inserted  into  the  second  niid  third  phalanges.  The  tendon  is 
situated  on  the  ulnar  side  of,  and  somewhat  more  superficial  than,  the  common 
extensor. 

The  Extensor  carpi  ulnariB  is  the  most  superficial  muscle  on  the  ulnar  side  of 
the  forearm.  It  arises  from  the  external  condyle  of  the  humerus  by  the  common 
tendon ;  from  the  middle  third  of  tbe  posterior  surface  of  the  ulna,  below*  the 
Anconeus,  and  by  an  aponeurosis  from  fhe  posterior  border  of  the  ulna  in  common 
with  the  Flexor  carpi  ulnarLs  and  the  Flexor  profundus  digitorum  ;  and  from  the 
leep  fascia  of  the  forearm.  This  muscle  terminates  in  a  tendon  which  runs  through 
'"a  groove  behind  the  styloid  process  of  the  ulna»  {lasses  through  a  separate  compart- 
ment in  the  annular  ligament,  and  is  inserted  into  the  ])romiiient  tubercle  on  the 
ulnar  side  of  the  base  of  the  metacarpal  bone  of  the  little  finger; 

Relations.— By  its  auperfieial  »urfact\  with  tbe  deep  fascia  of  the  foreann  ;  by 
its  dap  »urfai't\  with  the  ulna  and  the  muscles  of  the  dee])  layer. 

The  AnconeEB  is  a  small  triangular  muscle  placed  behind  and  beb>w  the  elhow- 
joint,  and  appears  to  be  a  continuation  of  the  external  portion  of  tbe  Tricejis.  It 
arises  by  a  separate  tendon  from  the  back  part  of  the  outer  condyle  of  the  humerus, 
and  is  inserted  into  tbe  side  of  the  olecranon  and  upper  fourth  of  the  posterior 
surface  of  the  shaft  of  tbe  ulna;  its  fibres  diverge  from  their  origin,  the  upper 
ones  being  directed  transversely,  tbe  lower  obli(|uely  inward. 

Relations. — By  its  superficial  surfttee,  with  a  strong  fascia  derived  from  the 
Triceps  ;  by  its  deep  surface^  with  the  elbow-joint,  the  orbicular  ligament,  tbe 
Ina,  and  a  small   portion  of  tbe  Supinator  brevis* 

Deep  Layer  (Fig.  310). 

Supinator  brevis*  Extensor  brevis  pollicis. 

Extensor  oasis  metacarpi  pollicis.  Extensor  longus  pollicia. 

Extensor  indicia. 

The  Supinator  brevis  is  a  broad  muscle,  of  a  hollow  cylindrical  form,  curved 

rojmd  the  upper  third  of  tbe  radius,  It  consists  of  two  distinct  planes  of  muscular 
fibres,  between  which  lies  the  posterior  interosseous  nerve.  The  two  planes  arise 
in  common :  the  superficial  one  by  tendinous,  and  the  deeper  by  muscular  fibres 
from  the  external  condyle  of  the  humerus ;  from  tbe  external  lateral  ligament  of  the 
elbow-joint  and  tbe  orbicular  ligament  of  the  radius  ;  from  the  ridge  on  tbe  ulna, 
which  runs  obliijuely  downward  from  the  posterior  extremity  of  tbe  lesser  sigmoid 
cavity  ;  from  tbe  triangular  tlepresstou  in  front  of  this  ridge;  and  fiom  a  tendinous 
expansi(m  which  covers  the  surfiice  of  tbe  muscle.  Tbe  superficial  fibres  surround 
the  upper  part  of  the  radius,  and  are  inserted  into  the  outer  edge  of  the  bicipital 
tuberosity  and  to  the  obliLjue  line  of  the  radius,  as  low  down  as  the  insertion  of  the 
Pronator  radii  teres.  The  upper  fibres  of  the  deeper  plane  form  a  sling4ike 
fasciculus,  which  encircles  the  neck  of  the  radius  above  the  tuberosity  and  is 
attached  to  tbe  back  part  of  its  inner  surface :  the  greater  part  of  this  portion  of 
the  muscle  is  inserted  into  tbe  posterior  and  external  surface  of  tbe  shaft,  midway 
between  the  oblique  line  and  the  head  of  the  bone.  Between  the  insertion  of  the 
two  pbvties  the  posterior  interosseous  nerve  lies  on  the  shaft  of  the  bone. 

Relations.^ — By  its  miperfidal  mtrftvje^  with  the  superficial  Extensor  and 
Supinator  muscles,  and  the  radial  vessels  and  nerve ;  by  its  deep  surfare^  with  the 
elbow-joint,  the  interosseous  numibrane-,  and  tbe  radius. 

The  Extensor  osflia  metacarpi  pollicis  is  the  most  external  and  the  largest  of 
the  deep  extensor  muscles:  it  lies  immeiliately  below  the  Supinator  brevis,  with 
which  it  is  sometimes  united*  It  arises  from  the  posterior  surface  of  the  shaft  of 
the  ulna  below  the  insertion  of  tbe  Anconeus,  from  the  interosseous  membrane, 
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and  from  the  middle  third  of  the  posterior  surface  of  the  shaft  of  the  radius. 
Fftgsing  obU<iuely  downward  and  outward,  it  terminates  in  a  tendon  which  runs 
through  a  groove  on  the  outer  side 
of  the  styloid  process  of  the  radius, 
accompanied  by  the  tendon  of  the 
Extensor  brevin  |»olliciy.  and  is  in- 
serted into  the  base  of  the  meta- 
carpal hone  of  the  thumb.  It  occa- 
sionally gives  off  two  slips,  near  its 
insertion — one  to  the  Trapezium, 
and  the  other  to  blend  with  the 
origin  of  the  Abductor  pollicis. 

Relations.— By  its  superfieial 
surface,  with  the  Extensor  com- 
munis digitoriim,  Extensor  minimi 
digiti,  and  fascia  of  the  forearm, 
and  with  the  branches  of  the  pos- 
terior interosseous  artery  and  nerve 
which  cross  it;  by  its  deep  surface^ 


Ksi-:stJ^5Sr 


\  roudtjtle, 

CAPSUIAR 
[  LIGAMENT. 


Head  oj  , 
radius. 


S3 


^4. 


s>- 


M'i 


txttHmom 

CARPI    ULNAPIII 


Rattiiuj^ 


Ulna, 


Fio,  3f)9,-^«piniitor  btcvjs.  (From  a  prepura- 
Uon  In  the  Mu!«euia  of  the  RoyAl  College  of 
8arKeoii9  of  EngUadj. 


Fig.  SIO.— Porterlor  snr&ce  of  the  forearm,    D^p  muicles. 


with  the  ulna,  interosseous  membrane,  radius,  the  tendons  of  the  Extensor  carpi 
radialis  longior  aud  brevior,  which  it  crosses  ob!i(|uely,  and.  at  the  outer  side  of 
the  wrist,  with  the  radial  vessels  ;  by  its  upper  honhr,  with  the  Supinator  hrevis; 
by  itg  lower  border^  with  the  Extensor  hrevis  pollicis. 
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The  Extansor  brevis  pollicis  (Extensor  prhm  intern odii  poUieis),  the  smallest 

duscle  of  this  »j;roup,  lies  on  the  inner  side  of  the  preceding.     It  arises  from  the  poa- 

erior  surface  of  the  shaft  of  the  radium,  behiw  the  Extensor  ossis  metacarpi  pollicis, 

[and    from   the  iiiterossenuH  membrane.      Its    direction   is  similar  to  that  of  the 

Extensor  ossis  metacarpi  pollicis,  its  tendon  passing  through  the  same  groove  ou 

the  outer  side  of  the  styloid  process^  to  be  inserted  into  the  base  of  the  first  phalanx 

of  the  thumb. 

Eelations.— The  same  as  those  of  the  Extensor  ossis  metacarpi  pollicis. 

The  Extensor  longiis  polUciB  {Ejiiiimr  set'imdi  uttermKlii  j)o!h'ei«)  is  much  larger 
than  the  pre€e<ling  musGle,  the  »>rigin  of  wliich  it  partly  covers  in.  It  arises  from 
the  posterior  surface  of  the  shaft  of  the  ulna,  below  the  origin  of  the  Extensor 
ossis  metaearpi  pollicis^  and  from  the  interosseous  membrane.  It  terminates  in  a 
tendon  which  passes  through  a  separate  compartment  in  the  annular  ligament, 
lying  iu  a  narrow,  ohiiipie  groove  at  the  haek  ]>art  of  the  lower  end  of  the  radius. 
It  then  crosses  obliquely  the  tendons  of  the  Extensor  car|>i  radialis  longior  and 
brevior,  being  se|m rated  from  the  other  extensor  tendons  of  the  thumb  by  a 
triangular  interval,  in  which  I  he  radial  artery  is  found,  and  is  finally  inserted  into 
the  kase  of  the  last  jjhalanx  of  the  thnmb, 

Eelations. — By  itii  snperfeial  surface^  with  the  same  parts  as  the  Extensor  ossis 
metacarpi  pollicis;  by  its  deep  Hurface^  with  the  ulna,  interosseous  membrane,  the 

fosterior  interosseous  nerve,  radius,  the  wrist,  the  radial  vessels,  and  metacarpal 
one  rif  the  thumb. 

The  E3ctensor  indicis  is  a  narrow,  elongated  nnisele  placed  ou  the  inner  side  of, 
and  ]>arallel  with,  the  precctliiig.  It  arises  from  the  posterior  surface  of  the  shaft 
of  the  idna,  below  the  origin  of  the  Extensor  longiis  pollicis  tnnl  from  the  inter- 
osseous membrane.  Its  teinbui  passes  with  the  Extensor  eonnnunis  digitorum 
through  the  same  canal  in  the  annular  ligament,  and  snbsetpjentlyjruns  the  tendon 
of  the  Extensor  communis  which  belongs  to  the  index  finger,  op|Kisite  the  b>wer 
end  of  the  corresponding  metacarpal  bone,  lying  to  the  ulnar  side  of  the  tendon 
from   the  connnon  Extensor. 

EelationB. — The  relations  are  similar  to  those  of  the  preceding  muscles. 

Kerves,~The  Supinator  Ion gus.  Extensor  carpi  radialis  longior.  and  Anconeus 
are  supplied  by  branches  fr<nn  the  musculo-spiral  nerve;  the  remaining  muscles 
of  the  radial  and  posterior  brachial   regions,  by  the  |>osterior  interosseous  nerve. 

Actions. — The  muscles  of  the  ladtal  and  posterior  brachial  regions,  which 
comprise  all  the  extensor  and  supinator  muscles,  act  upon  the  forearm,  wrist,  and 
hand;  they  are  the  direct  antagonists  of  the  pronator  and  flexor  muscles.  The 
Anconeus  assists  the  TrieefFS  in  extending  the  forearm,  Tlie  chief  action  (^f  the 
Supinator  longus  is  that  of  a  flexor  of  the  elbow-joint,  hut  in  addition  to  this  it 
may  act  both  as  a  su])iuator  or  a  pronator  ;  that  is  to  say,  if  the  forearm  is  forcibly 
pronateJ  it  will  act  as  a  supinator,  and  bring  the  bones  into  a  position  midway 
between  supination  and  pronation;  and,  viceventa,  if  the  arm  is  forcibly  su]>inated, 
if  will  act  as  a  pronator,  and  bring  the  bones  into  the  same  position,  midway 
between  supination  and  pronation.  The  action  of  the  muscle  is  therefore  tothi^ow 
the  forearm  and  hand  into  the  position  tliey  naturally  occupy  when  placed  across 
the  chest.  The  Supinator  brevis  is  a  supinator  ;  that  is  to  say,  when  the  radius 
has  been  carried  across  the  ulna  in  pronati(ui  and  the  hack  of  the  hand  is  directed 
forward,  this  muscle  carries  the  radius  back  again  to  its  normal  jiosition  on  the 
outer  side  of  the  ulna,  and  the  palm  of  the  hand  is  again  directed  forward.  The 
Extensor  carpi  radialis  huigior  extends  the  wrist  ami  abducts  the  hand.  It  may 
also  assist  in  bending  ihe  elbciw -joint;  at  all  events,  it  serves  to  fix  or  steady  this 
articulation.  The  Extensor  carpi  radialis  brevior  assists  the  Extensfu-  carpi  radi- 
alis longior  in  extending  the  wrist,  and  may  also  act  slightly  as  an  abductor  of  the 
hand.  The  Extensor  carpi  ulnaris  helps  to  extend  the  band,  but  when  acting 
alone  inclines  it  toward  the  ulnar  side  ;  by  its  continued  aetion  it  extends  the 
elbow-joint.  The  Extensor  communis  digitorum  extends  the  phalanges,  then  the 
wrist,  and  finally  the  elbows     II  acts  principally  on  the  proximal  phalanges,  the 
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Tiii^ldle  and  terminal  plialanges  being  exten<led  by  the  Interossei  and  Luinbri- 
citlea.  It  bas  ilIj^o  a  tendoiKiy  to  separate  tbe  fingers  as  it  extends  tbeni.  The 
Extensor  minimi  digiti  extends  similarly  tbe  little  finger,  and  bv  its  eontinned 
aetion  it  assists  in  extomling  the  writ^t.  It  is  owing  to  this  muscle  that  the  little 
finger  can  be  extended  or  pointed  whilst  the  others  are  flexed.  The  chief  action  of 
the  Extensor  ossis  metacarpi  pollicis  is  to  carry  the  thumb  outward  and  backward 
from  the  palm  of  the  hand,  and  hence  it  has  been  called  the  abduefur  lomjm 
pollicis.  By  it8  continued  fietinn  it  helps  to  extend  and  abtbict  the  wrist.  The 
Extensor  brevis  pollicis  extends  the  proximal  phalanx  of  the  thumb.  By  its 
conrinued  action  it  helps  to  extend  and  abduct  the  wrist.  The  Extensor  longus 
pollicis  extends  the  tenninal  phalanx  of  the  thumb.  By  its  continued  action  it 
helps  to  extend  and  abduct  the  wrist.  The  Extensor  indicis  extends  the  first 
phalanx  of  the  index  finger,  and  by  its  continued  action  assists  in  extending  the 
wrist.  It  is  owing  to  this  muscle  that  the  index  finger  can  be  extended  or  pointed 
while  the  others  are  flexed. 

Surgical  Anatomy.— The  tendons  of  tlie  Extensor  imi8<*les  of  the  thumb  are  liable  to 
become  straiiifil  :iTid  tlieir  .she;iths  influiiied  afti^r  L'xcessive  exen.'iiso.  prodticini^  ii  s^aiisape-s^hstped 
KW»*lliii,if  iili>i».if  the  iM>urse  of  the  teu<k*o,  and  i^'ivmir  n  pei'iiliar  ertakiiii^  s(^nsatii»n  to  the  tiuger 
when  the  inussele  acts.  In  conse<]Uciice  of  its  otlca  heing  cruised  by  sueh  move  mentis  as  wrinju'ing 
clothes,  it  is  known  as  ''washerwoman's  spniin/' 
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Bissectioii  (Fisr.  301). — Make  a  transverse  ineLsion  across  the  frfini  of  the  wrist,  and  a 
second  acrrLss  the  heads  of  the  rnetararpal  hones:  connect  the  two  by  a  vertit^al  incision  m  the 
middle  line,  and  continue  it  thn>ngh  the  een- 
tre  «f  the  middle  fint'er     Tlie  anterior  and 
jxisterior  annular  liiraments  and  the  palmar 
fascia  f^liould  then  be  dissected. 

The  Anterior  Annular  Ligament  h 
a  strong,  fibrous  band  \shich  arches 
over  the  carpus,  converting  the  deep 
groove  on  the  front  of  the  carpal 
bones  into  a  canal,  beneath  which 
pass  the  flexor  tendons  of  the 
fingers.  It  is  attached,  intemallv,  to 
the  pisitonu  btnie  and  unciform  pro- 
cess of  the  unci  form  bone,  and  ex- 
ternally to  the  tuberosity  of  the 
scaphoid  and  to  the  inner  part  of  the 
anterior  surface  and  the  ridge  on  the 
Tra|ieziuin.  It  Is  continuous,  above, 
with  the  deep  fascia  of  the  forearm,  of  which  it  may  be  regarded  as  a  thickened 
portion,  and,  below,  with  the  palmar  fascia.  It  is  crossed  by  the  ulnar  vessels 
and  nerve  and  the  cutaneous  branches  of  the  median  and  ulnar  nerves.  At  its 
outer  extrenjity  is  the  tendon  of  the  Flexor  carpi  radiiilis,  Mhich  lies  in  the  groove 
rm  the  tra|>ezii]m  between  the  attachments  of  the  annular  ligament  to  the  hone. 
It  ha><  inserted  into  its  anterit>r  surface  the  tenrlon  of  the  Palmaris  longus  and 
part  of  the  tendon  of  the  Flexor  carpi  ulnaris,  and  has  arising  from  it,  below,  the 
sHKill  muscles  of  the  thiimlj  and  little  finger.  Beneath  it  pass  the  tendons  of  the 
Flexor  sublimis  and  profundtis  digitorum,  the  Flexor  longus  pollicis,  and  the 
median   nerve. 

The  Sjmovial  Membranes  of  the  Flexor  Tendons  at  tbe  Wrist. — There  are  two 
synovial  mt^mbianes  which  enclose  all  the  tendons  as  they  pass  beneath  this  lig- 
ament— one  for  the  Flexor  sublimis  and  profundus  digit<irimu  the  otlier  for  the 
Flexor  longus  ])ollieis.  They  extend  up  into  the  forearm  for  about  an  inch  above 
the  annular  ligament,  and  downward  about  halfway  along  the  metacarpal  bone, 
where  tliey  teiiiiinsite  in  a  blind  diverticulum  anmnd  eacli  jiair  of  tendons,  with 
the  exception  of  tbe  thumb  and  sometimes  the  little  finger — in  these  two  fingers 


Fio.  311— Tminj! verse  Bcction  throiig:ti  ttie  vfrUi.  ahow- 
inis  the  iinnulftr  ligaments  and  the  rftniilft  Utr  the  passage 
of  tUf  teinlons. 
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the  diverticulEm  is  cantinued  on,  and  communicates  witli  the  synovial  sheath  of  the 
tendons.  In  the  other  three  fingers  the  sytiovial  sheath  uf  rlie  rendon."*  in  the  fingers 
beginsi  as  a  blind  pouch  without  communication  with  fhe  hirgo  syn^^viiil  sac  (Fig.  313). 

Surgical  Anatomy,— This  arran^'ement  of  tlie  synovial  sheaths  explains  the  fact  that  thecal 
abscess  in  iJie  thumb  and  little  finger  is  liable  tobe  fblbwed  by  absc-esises  in  tbe  tWmirm,  fnun  exten- 
sion of  tho  inflamrnation 
uIutiij:  the  t'ontinuuus 
synovial  sheaths,  (.lun- 
gliou  is  apt  to  oet'nr  in 
this  situatiijii,  ri>nstitu- 
tliig  ''corn pound  pahnar 
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ganghun":  it  firesentij 
an  hour-glass  outline, 
with  a  swelling  in  hront 
of  the  wrist  and  in  the 
palui  of  the  han^h  and  a 
cunht Tii' t i on  vu rn*8j w n d- 
in^'  to  the  annular  li>ta- 
mi  nt  Ix'tween  the  two. 
The  fluid  can  l>e  forced 
fnun  the  one  isWi'lliiijLf  to 
the  other  under  the  liga- 
ment. 
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Fm,  312,— Tranaverae  section  through  the  carpus,  showing  the  nilaUve  posi-  nular  Iiigament  is  a 
llona  of  the  teodoos.  vessels,  ajid  nerves.    (HmileO  ^^^.^^^    ^^^^^^^    1^.^^^^^ 

extending  transversely  across  the  back  of  the  wrist,  and  consisting  of  the  deep 
fascia  of  the  biick  of  the  forearm,  strengthened  by  the  addition  of  some  trans v^erse 
fibres.     It  fru^ms  a  sheath  for  the  extensor  tendons  in  their  passage  to  the  fingers, 

being  attaebe<h  internally,  to  the  styloid 

I        /     ^  [iroecss  of  the  ulna,  the  cuneiform  and 

!^         f"\l      /  ^  \  pisiform  bones;  externally,  to  the  margin 

of  the  radius;  and,  in  its  passage  across 
the  wrist,  to  the  elevated  ridges  on  the 
posterior  surface  r^f  the  radius.  It  pre* 
sents  six  com  j  tart  in  cuts  for  the  passage 
of  tendons,  eacli  of  which  is  lined  by  a 
separate  synovial  membrane*  These  are, 
from  without  inward — L  Un  the  outer 
side  of  the  styloid  process,  for  the  ten- 
dons of  the  Extensor  ossis  nietacarpi 
and  Extensor  brevis  pollicis  ;  2.  Behind 
the  styloid  process,  for  the  tendons  of 
the  Extensor  carpi  radialis  longior  and 
brevior;  3,  About  the  middle  of  the 
posterior  surface  of  the  radius,  for  the 
tendon  of  the  Extensor  longus  pollicis; 
4.  To  the  inner  side  of  the  latter,  for  the 
tendons  of  the  Extensor  communis  digi- 
tonun  and  Extensor  indicis ;  5,  Oppo- 
site the  interval  between  the  radius  and 
ulna,  for   the    Extensor   minimi    digiti ; 

Fto. S] 8»— BJ Asrrsm  *ho w t n^  tho  snungemeat  of  t ht?  6 .  G r o 0 V i n g  t he  ha c k  o f  t h e  u  1  n u ,  fo r  t h e 
synovisl  sheaths  uf  the  palm  und  lingers.  *        i  r  ~*t        i:*    *  "        i         : 

^  ^  tendon    of  the    Extensor  carpi    ulnans. 

The  synovial  membranes  lining  these  shearhs  are  usually  very  extensive,  reach- 
ing from  above  the  annular  ligament,  down  upon  the  tendons  for  a  variable 
distance  on  the  baek  of  the  hand. 

The  deep  palmar  fascia  {Fig.  314)  forms  a  common  sljeath  which  invests  the 
muscles  of  the  hand.     It  consists  of  a  central  and  two  lateral  portions. 

The  rtntral  port  urn  occupies  the  middle  of  the  palm,  is  triangular  in  shape,  of 
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great  strength  and  thickness,  ami  binds  down  the  tendons  in  this  situation.  It  is 
narrow  above,  being  attached  to  the  lower  margin  of  the  annular  ligament,  and 
receives  the  expanded  tendon  of  the  Palmaris  longus  muscle.  Below,  it  is  bniad 
and  expanded,  and  divides  into  four  slips,  for  the  four  fingers.  Each  slip  gives  off 
superficial  fibres,  which  are  inserted  into  the  skin  of  the  palm  and  finger,  those  to 
the  palm  jointng  the  skin  at  the  furrow  corresponding  to  the  raetacarpo-phalangeal 
articulation,  and  those  to  the  fingers  passing  into  the  skin  at  the  transverse  fold 
at  the  base  of  the  fingers.  The  deeper  j>art  of  each  slip  subdivides  into  two  pro- 
cesses, which  are  inserted  into  the  lateral  margins  of  the  anterior  (glenoid)  liga- 
ment  of  the    metacarpo-phalaugeal  joint.     From   the   sides  of  these    prucesaei 


ri^^l 


Diffitftl  arierff.^ 


l^DigUal  artery, 

ABDUCTOR 
^INDICIS. 


^^.V. 


;^ 


y 


_CKTCNftOM    MrTACAMrt    AND 
EXTENSOR    anEVIS    ROiLlCIS. 


-FLEXOR    LONGU4    ROLUCI8. 


Fto.  814.— Palmar  fascia.    (v\ltert'd  from  a  dissection  In  the  Museum  of  the  Royal  College  of  Surgeons  of 
England.) 

offsets  are  sent  backward,  to  be  attached  to  the  borders  of  the  lateral  surfaces  of 
the  metacarpal  bones  at  their  distal  extremities.  By  this  arrangement  short 
channels  are  formed  on  the  front  of  the  lower  ends  of  the  metacarpal  bones, 
through  which  the  fiexor  tendons  pass,  Di\  W.  W.  Keen  describes  a  fifth  slip  as 
frequently  found  passing  to  the  thumb.  The  intervals  left  in  the  fascia  between 
the  four  fibrous  slifm  trani^mit  the  digit ul  vessels  and  nerves  and  the  tendons  of 
the  Lumbricales.  At  the  fmints  of  division  of  the  pnbuar  fitscia  into  the  slips 
above  mentioned  numerous  strong,  transverse  fibres  bind  the  separate  processes 
together.  The  palmar  fiiscia  is  intimately  adherent  to  the  integument  by  dense 
fibro-areolar  tissue,  forming  the  superficial  palmar  fascia,  and  gives  origin  by  its 
inner  margin  to  the  Palmaris  hrevia :  it  covers  the  superficial  palmar  arch,  the 
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tendons  of  the  flexor  muscles,  and  the  branches  of  the  median  and  ulnar  nervea, 
and  on  each  side  it  gives  off  a  vertical  septum,  which  is  continuous  with  the 
interosseous  aponeurosis  and  separates  the  lateral  from  the  middle  palmar  group 
of  muscles. 

The  lateral  portions  of  the  palmar  fascia  are  tbin,  fibrous  layers,  which  cover, 
on  the  radial  side,  the  muscles  of  the  ball  of  the  thunih,  and,  on  the  ulnar  side,  riie 
muscles  of  the  little  finger;  they  are  continuous  with  the  dorsal  fascia,  and  in  the 
palm  with  the  central  portion  of  the  palmar  fascia. 

The  Superficial  Transverae  Iiigameut  of  the  Fingers  is  a  thin,  fibrous  band 
which  stretches  across  tite  roots  of  the  four  fingers,  and  is  closely  attached  to  the 
skin  of  the  clefts,  and  internally  to  the  fifth  metacarpal  hone,  forming  a  sort  of 
rudimentary  web.  Beneath  it  the  digital  vessels  and  nerves  pass  onward  to  their 
destination. 

Surgical  Anatomy^ — Tlie  palmar  fascia  is  liable  to  uuder^'o  contraction,  iirodut'inia:  a  ver}^ 
inconvenk'nt  defurniity  known  jis '' l>tipaytren*8  contraction."  The  ring  and  little  finders  are 
most  frequently  implirated,  but  the  middle^  the  index,  and  the  thumb  may  he  involved.  The 
proxiujal  phalanx  is  drawn  down  and  cannot  be  straightened,  and  the  two  distal  phalanges 
beeome  aimikrly  flexed  as  the  disease  advances. 

The  Muscles  of  the  Hand  are  subdivided  into  three  groups ;  1,  Those  of  the 
thumb,  which  occupy  the  radial  side;  2.  Those  of  the  little  finger^  which  occupy 
the  ulnar  side;  3.  Those  in  the  middle  of  the  palm  and  between  the  interosseous 
spaces. 

Radial  Region  (Figs.  315,  316). 

Muscles  of  the  Thumlh 

Abductor  poUicis*  Flexor  brevis  polUcis. 

Opponens  (Flexor  ossis  metacarpi)  pollicis.     Adductor  obliquus  pollieis. 

Adductor  transversus  pollicis. 

The  Abductor  pollieis  is  a  thin,  flat  muscle  placed  immediately  beneath  the 
integument.  It  arises  from  the  ridge  of  the  os  trapezium  and  annular  ligament, 
an<l.  passing  outward  and  downward,  is  inserted  by  a  thin,  flat  tendon  into  the 
ra<lial  j^iile  of  the  base  of  the  first  phalanx  of  the  thumb,  sending  a  sli|i  to  join  the 
tembm  of  the  Extensor  bmgus  jiollieis. 

Relations.— By  its  ^ttf/f^rjicml  fnirftjr'i\  with  the  palmar  fascia:  by  its  deep 
surftjf'e,  with  the  Opponens  ]iollicis,  from  which  it  is  sej>arated  by  a  thin  apo- 
neurosis. Its  inner  border  msc]miSLteii  from  the  Flexor  brevis  pollicis  by  a  narrow 
cellular  interval. 

The  Opponens  pollicis  is  a  small,  triangular  muscle  placed  beneath  the 
preceding.  It  arises  frmn  the  palmar  surface  of  the  trapezium  and  annnlar 
ligament,  passes  downward  and  outward,  rind  is  inserted  into  the  whole  length  of 
the  metacarpal  bone  of  the  thumb  on  its  radial  side. 

Relations. — By  its  miperficial  mtrfaee,  witli  the  Abductor  pollicis ;  by  its  deep 
surface^  with  the  trapezio-metacarpal  articulation  ;  by  its  inner  border^  with  the 
Flexor  brevis  pollici.s. 

The  Flexor  brevis  pollicis  is  much  larger  than  either  of  the  two  preceding 
luusclcs,  beneatlj  which  it  is  jdaced.  It  consists  of  two  portions,  outer  and  inner. 
The  rniter  and  more  superficial  portion  arises  from  the  trapezium  and  outer  two- 
thirds  of  the  annular  ligament,  and  passes  along  the  outer  side  of  tlie  tendon  of 
the  Flexor  hingus  pollicis,  and.  becoming  tendinous,  has  a  sesamoid  bone  developed 
in  its  tendon,  and  is  inserted  into  the  outer  side  of  tlie  base  of  the  first  phalanx  of 
the  tliinnb.  The  inner  and  deeper  portion  of  the  muscle  is  very  small,  and  arises 
from  llie  ulnar  side  of  the  first  metacarpal  hone,  and  is  inserted  into  the  inner  side 
of  the  base  of  the  first  jihalanx  with  the  Adductor  tddiquus  pollicis.  A  sesamoid 
bone  is  developed  in  the  common  tendon  of  insertion. 

Relations. — By  its  sHperfiaaf  »it?i)ft'f\  with  the  |>almar  fa.scia ;  by  its  deep  sur- 
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face^  with  the  tendon  of  the  Flexor  carpi  radialis  ;  by  its  external  gujfaee,  with  the 
(^ppon^ns  fx^llicis;  by  its  inttrnn!  surfaci^  with  the  Adductor  obli<|UU8  pollicis. 

The  Adductor  obliquus  polMciB  arises  hy  several  sli|m  tVum  the  o.s  luagmim,  the 
bases  of  the  second  and  tliird  metacarpal  hones,  the  anterior  annnhir  ligament,  and 
the  sheath  of  the  tend<»n  of  the  Flexor  carpi  radialis.  From  this  origin  the  greater 
ntnnber  of  fibres  pass  abliipiely  downward  and  converge  to  a  tendon,  which, 
Tiniting  with  the  tendons  of  the  deeper  portion  of  the  Flexor  brevis  pollicis  and 
the  A  <l  due  tor  trans  vers  us,  is  inserted  mUi  the  inner  side  of  the  base  of  the  first 
|>ha!anx  of  the  thumb,  a  sesamoid  bone  being  deveh:>ped  in  the  tendon  rif  insertion. 
A  considerable   fasciculus,  however,  passes  more  obliquely  outward  beneath  the 
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Fig,  3l5.-MiuM?Jes  of  thumb.    {Fwm  a  preparation  in  the  Museum  of  the  Koyal  College  of  Surgeons  of 
England.) 

tendon  of  the  long  flexor  to  join  the  superficial  portion  of  the  short  flexor  and  the 
Abductor  pollicis.^ 

Relations.^ By  its  mtperfieial  mirfaee^  with  the  Flexor  longus  pollieis  and  the 
outer  head  of  the  Flexor  brevis  pollieis.  Its  deep  mirfaee  covers  the  Addnetor 
transversus  pollieis.  and  is  in  rehition  with  the  deep  palmar  arch,  which  passes 
between  the  two  adductors. 

The  Adductor  transversus  pollieis  (Fig.  315)  is  the  most  deeply  seuied  ol"  this 
group  of  muf^eles.  It  is  of  a  iriangidar  foniK  arising,  hy  its  broad  base,  from  the 
lower  two-thirds  of  the  metacarpal  bone  of  the  middle  finger  on  its  jitilmar  surface  : 
the  fibres,  pniceeding  outward,  converge,  to  be  inserted,  with  the  inner  tendon  of 
the  Flexor  brevis  polUcis,  and  the  Adductor  ohliijuus  jioUieis,  into  the  uhiar  side  of 
the  base  of  the  first  phalanx  of  the  thumb.  From  the  common  tendon  \}(  insertion 
a  slip  is  prolonged  to  the  Extensor  longus  prdlieis. 

EelatioES.— liy  its  Auperfu:i(tl  Hurfnee,  with  the  Adductor  obli(piU8  pollieis, 
the  tendons  of  the  Flexor  profundus,  and  the  Lumlnieales,  Its  deep  mirface 
covers  the  first  two  interosseous  spaces,  from  which  it  is  separated  by  a  strong 
aponeurosis. 

Three  of  these  muscles  of  the  thumb,  tlie  Abductor,  the  Adductor  transversus, 

*  TkiB  nitiscle  was  formerlx  described  ha  tlie  deef>  |>oriioii  of  ttie  Flexor  brevis  pollicb* 
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and  the  Flexor  brevis  poHicis,  at  their  insertions  give  off  fibrous  expansions  which 
join  the  tendon  of  the  Extensor  longua  poll  it-is.  This  permits  of  flexion  of  the 
proximal  phulnnx  nm\  extension  of  the  terminnl  phalanx  at  the  §anie  time.  These 
expansion.^,  originaily  figured  by  Albinus,  have  been  more  recently  described  by 
M.  Duehenne  [Phti»iologie  den  MouvemenU^  I'^o^  299). 

Nerves. — The  Abductor,  Opponent,  and  outer  bead  of  the  Flexor  brevis  poUicis 
are  supplied  by  the  median  nerve  ;  the  inner  bead  of  the  Flexor  brevis,  and  the 
Adduetors,  by  the  ulnar  nerve. 

Actions. — The  actions  of  the  muwdus  of  ilie  thuuib  are  almost  sufficiently  indi- 
cated by  their  names.  This  segment  of  dje  hand  is  provided  with  three  extensors 
— an  extensor  of  the  metacarpal  bone,  an  extensor  of  the  hrst,  and  an  extensor  of 
the  second  phalanx ;  these  occupy  the  dorsal  surface  of  the  forearm  and  hand. 
There  are  also  three  flex'U's  on  the  palmar  surface — a  ilexor  of  the  metacarpal 
bnne,  a  flexor  of  the  proximal.  an<l  a  flexor  of  the  terminal  jthalanx  ;  there  is  also 
an  Abductor  and  two  Adductors.  The  Abductor  jiollieis  moves  the  metacarpal 
bone  of  the  thuml>  outward;  that  is,  away  from  the  index  finger.  The  Flexor 
ossis  metacarpi  |iollicis  flexes  the  metacarfial  bone — that  is,  draws  it  inward  over 
the  palm— and  at  the  same  time  rotates  the  bone,  so  as  to  turn  the  ball  of  the 
thumb  toward  the  Angers,  thus  producing  the  movement  of  opposititm.  The 
Flexor  brevis  pollieis  flexes  the  proximal  phalanx  of  the  thumb.  The  Adduetores 
pollicis  ojovc  the  metacarpal  bone  of  the  thumb  inward;  that  is,  toward  the 
index  finger.  These  muscles  give  to  the  thumb  its  extensive  range  of  motion. 
It  will  be  noticed,  however,  that  in  conscfjuence  of  the  position  of  the  first  meta- 
carpal bone  these  movements  difl^cr  from  the  corresponding  movements  of  the 
metacar|ml  bones  of  the  other  fingers.  Thus  e.x tension  of  the  tliumh  more  nearly 
corresponds  to  the  motion  of  abduction  in  the  other  fingers,  and  flexion  to 
adduetion. 

Ulnar  Region  (Fig.  310). 

Palmaris  brevis. 

3fusele8  of  the  Litth  Flmjer. 

Abductor  minimi  digiti.  Flexor  brevis  minimi  digiti. 

<>pponen8  (Flexor  ossis  metacarpi)  minimi  digiti. 

The  Palmaria  brevis  is  a  thin  ijuadrilateral  muscle  |daced  beneath  the  integu- 
ment on  the  ulnar  side  of  the  hand.  It  arises  by  tendinous  taseiculi  from  the 
annular  ligament  and  palmar  fascia;  the  fleshy  fibres  pass  inward,  to  be  inserted 
into  the  skin  m\  the  inner  border  of  the  palm  of  the  hand. 

Eelations.  —  By  its  ttHfurfi'ttfi  itur/at'i\  with  the  integument,  to  which  it  is 
intimately  adherent,  esjieeially  by  its  inner  extremity;  by  hiy  ihcp  mrface^  with 
the  inner  portion  of  the  |>almar  fascia,  which  se}*arates  it  from  the  ulnar  vessels 
and  nerve,  anfl  from  the  muscles  of  the  ulnar  side  of  the  hand. 

The  Abductor  minimi  digiti  is  situated  on  the  ulnar  border  of  the  palm  of  the 
hand.  It  arises  from  the  |>isiform  bone,  and  teimioates  in  a  flat  tendon  which 
divides  into  twf>  slips:  one  passes  under  the  lateral  expansion  of  the  extensor 
tenditn,  op]>usite  the  metaearpo-phalangeal  articidation,  and  is  inserted  into  the 
ulnar  side  of  the  base  of  the  first  [»hahinx  of  the  little  finger.  The  other  slip 
passes  over  the  expansion,  and  is  inserted  into  the  ulnar  border  of  the  shaft  of  the 
same  phalanx. 

Relations, — By  its  superfiritjl  »nrfaee^  with  tlie  inner  jiortion  of  the  palmar 
fascia,  and  the  Pal  maris  brevis ;  by  its  ^/tvy?  fiKr/ace,  with  the  Flexor  ossis  meta- 
carjii   tnitjimi  digiri:    liy   its  oufpr  honhT,  with   the  Flexor  brevis  minimi  digiti. 

The  Flexor  brevis  mmimi  digiti  lies  on  tlie  .same  plane  as  the  preceding  muscle, 
on  its  radial  side.  It  arises  from  the  lifv  of  the  unciform  process  of  the  unciform 
bone  and  anterior  surface  of  the  annular  ligament,  and  is  inserted  into  the  base 
of  the  first  phalatix  <d'  tlie  little  finger.  It  is  separated  from  the  Abductor  at  hs 
origin  by  the  dee|»  liranches  nf  the  idnar  artery  and  nerve.  This  muscle  is  some- 
times wanting;  the  Abductor  is  then,  usually,  of  large  size. 


I 


Fia.  316.— Huacles  of  the  left  hand* 


of  the  uncifurm  bone  imd  cLmtigiious  portion  of  the  annular  ligament;  its  fibres 
pjia«  downward  and  inward,  to  be  inserted  into  the  whole  lentjih  of  the  meta- 
carpal bnne  of  the  little  finger,  along  its  ulnar  marfiin. 

Relations. — By  its  ttupi-rfififil  9urfavt\  with   the  Flexor  brevis  and  Abductor 
minimi    digit] ;   by   it»  deq*  surface^   with  the  Interossei  muscles  in  the  fourth 
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metacarpal  space,  the  nietacarpal  bone,  and  \\vt\  Flexor  tendons  of  the  little 
finger. 

Nerves* — All  the  muecles  of  this  grotip  are  supplied  by  the  ulnar  nerve. 

Actions. — The  Abductor  minimi  digit!  abducts  the  little  finger  from  the  middle 
line  rif  tlie  hnnd.  It  eorresfKUids  Uv  a  dorsal  interosseous  muscle.  It  also  assists 
in  Hexing  the  proximal  phalanx.  The  Flexor  brevis  minimi  digiti  abducts  the 
little  finger  from  the  middle  line  of  the  hand.  It  also  assists  in  Hexing  the 
proximal  phalanx.  Tbe  Opponens  minimi  digiti  draws  forward  the  fifth  meta- 
carpal bone,  so  as  to  deepen  the  hollow  of  the  palm.  The  Palmaris  brevis  corrugates 
the  skin  on  the  inner  side  of  the  palm  of  the  hand. 


Middle  Palmar  Region. 

Lnmbricales.  Interossei  palmares. 

Interossei  dorsales. 

The  Lnmbricales  (Fig,  316)  are  four  small  fleshy  fasciculi,  accessories  to  the 
deep  Flexor  muscle.  They  arise  by  fleshy  fibres  from  the  tendons  of  the  deep 
Flexor  :  the  first  and  second,  from  the  radial  side  and  piilmar  surface  of  the  tendons 
of  tlie  index  and  miildle  fingers;  tbe  third,  from  the  contiguous  sides  of  the  ten- 
dans  of  the  middle  and  ring  fingers;  and  the  fourth,  from  tbe  contiguous  sides  <jf 
the  tendons  of  the  ring  and  little  fingers.  They  pass  to  the  radial  side  of  the 
corresponding  fingers,  and  opposite  the  metacar]»f»'j»hahingeal  arfienlation  each 
tendon  terminates  in  a  broad  a[>oneurosis  which  is  inserted  into  the  tendinous 
ex]>iiusiiui  from  the  Extensor  ctvmmunis  digitorutii,  covering  tbe  dorsal  aspect  of 
each  finger, 

Tbe  InteroBsei  muscles  are  so  named  frmn  occupying  tbe  intervals  between 
the  metacjirpul  hones.  They  are  divided  into  two  sets,  a  dorsal  and  palmar;  tbe 
former  are  fVuir  in  number,  one  in  each  metacarpal  space:  the  latter,  three  in 
number,  lie  njion   the  metaear|>a!   bones. 

Tbe  Dorsal  interossei  are  four  in  number,  larger  than  the  palmar,  and  occupy 
the  intervals  between  tbe  metacarpal  bones.  They  are  bipenniform  mnscles, 
arising  by  two  beads  from  the  a<ljacent  sides  of  the  metacarpal  Ijones,  but  more 
extensively  from  that  side  of  the  metacarpal  bone  which  corresponds  to  the  side 
of  the  tinger  in  which  tbe  muscle  is  inserted.  They  are  inserted  info  the  bases 
of  the  first  phalanges  and  into  the  aponenrosis  of  tbe  common  extensor  tendon. 
Between  the  double  origin  of  each  of  these  muscles  is  a  narrow  triangular  interval, 
through  the  first  of  which  passes  tbe  radial  artery;  through  the  other  three  passes 
a  perforatiug  branch  from  the  deep  palmar  arch. 

The  Fir^t  dor  Hal  interoHHtnua  mu«ch\  or  Abductor  indieis^  i&  larger  than  the 
others.  It  is  flat,  triangular  in  form,  and  arises  by  two  heads,  se|>a rated  by  a 
fibrous  arch,  fVrr  the  passage  <d'  tbe  radial  artery  from  the  dorsum  to  tbe  palm  of 
the  hand.  The  outer  heatl  arises  from  the  upper  lialf  of  the  ulnar  b<u"der  of  the 
Urst  metacarpal  bone ;  tbe  inner  bead,  from  almost  tbe  entire  length  of  the  radial 
border  of  the  second  metacarpal  bone:  the  tendon  is  inserted  into  the  radial  side 
of  tbe  index  finger*  Tbe  nt'eond  and  tJtird  dorsal  iift^'ntsHct  are  inserted  into  the 
midrlle  finger,  the  former  into  its  radial,  the  latter  into  its  ulnar  side.  The  fourth 
is  inserted  into  tbe  ulnar  side  of  the  ring  finger. 

The  Palmar  interossei,  three  in  numlier,  are  smaller  than  the  Dorsal,  and  placed 
upon  tbe  palmar  surface  of  the  metacarpal  bones,  ratlier  than  between  them. 
They  iirise  from  the  entire  length  of  the  metacarpal  bone  of  *me  finger,  and  are 
inserted  into  the  side  of  tbe  base  of  the  first  phalanx  and  apruieurotic  expausion 
of  the  comnioti  extensor  tendon  of  the  samfl  figger. 

The  firat  arises  from  tbe  ulnar  si<le  M'  the  second  metacarpal  bone,  and  is 
inserteii  into  the  same  si<le  of  the  index  finger.  TIjc  !<ctHfnd  arises  from  tbe  radial 
Side  (d'  the  f  iiirtb  metacar|ial  bone,  and  is  inserted  into  the  same  side  of  the  ring 
finger.  The  third  arises  frf»m  tbe  radial  side  of  tbe  fifth  metacarjjal  bone,  and  is 
inserted  into  the  same  side  of  the  little  finger.     From  this  account  it  mav  be  seen 
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that  each  finger  is  provided  with  two  Interosaei  muscles,  with  the  exception  of 
the  little  finger,  in  which  the  Ahdrictor  muscle  takes  the  place  of  one  of  the  pair. 

Nerves, — The  two  outer  Lumbricales  are  supplied  by  the  median  nerve  ;  the 
rest  of  the  muscles  of  this  group,  by  the  ulnar.  All  tlie  Interossei  are  supplied  by 
the  ulnar. 

Actions. — The  Palmar  interossei  muscles  adduct  the  fingers  to  an  imaginary 
line  drawn  longitudinally  through  the  centre  of  the  middle  finger;  and  the  Dorsal 
interossei  abduct  the  fingers  from  that  line.    In  addition  to  this,  the  Interossei,  in 


Fio.  817.— The  Dorsal  ItilcroB»el  of  left  hmid. 


Fig.  31B>— The  P&lmar  Interossei  of  left  luu&4. 


conjunction  with  the  Lumbricales,  flex  the  first  phalanges  at  the  metacarpo-phalan- 
geal  joints,  and  extend  the  second  and  third  phalanges  m  con.sei|uenee  of  their 
insertion  into  the  expansion  of  the  extensor  tendonn.  The  Extensor  communis 
digitorum  is  believed  to  act  almost  entirely  on  the  first  phalanges. 


SURFACE  FORM  OF  THE  UPPER  EXTKEMITY. 

The  FWtorahii  nKiJor  liirgely  influences  surface  foriu  and  conceals  a  c^Jtisidenible  part  of  the 
thoracic  wall  in  front.  Its  ittermd  ori|?tn  preseutii  ii  festooned  bonJer  vvliieh  bounds  and  deter- 
mines the  width  id'  the  Hlernal  furrow.  Its  elavienlar  origin  is  suniewhat  depressed  ami  tlattened, 
and  l)€tween  the  twu  portiims  of  the  inusele  is  ufteii  an  oblique  depression  which  differentiates 
the  one  fnjui  the  other.  Tfie  outer  margin  of  the  niiisi'le  is  generally  well  marked  above,  anJ 
bounds  the  infraclavicular  fasmi,  a  triangular  interval  which  separates  the  Peetoralis  major  from 
the  Deltiiid.  It  ^TudualJy  beeomes  less  marked  as  it  appr*)aehes  the  tendon  of  insertion,  and 
heeonies  mon?  fKHely  blended  with  the  Oeltoid  muwle.  The  lower  border  of  the  Peetoridis 
major  Ibrni.s  the  ronnded  anterior  axillarv  fbld»  and  corresponds  with  the  direction  of  the  fifth 
rib.  The  /Wtomhs  mitior  inflnenees  surface  form.  When  the  arm  is  rained  its  lowest  ,slip  of 
origin  prodiKiAS  a  l«Ral  fulness  Just  below  the  In^rder  of  the  anterior  told  of  the  axilla,  and  so 
senes  to  l>reak  tbe  slmrp  line  of  the  lower  border  of  the  Pectoralis  major  mu^scle.  whiiji  is 
prfiduced  when  the  arm  is  in  ibis  position.  The  origin  of  the  Serrnfns  nutipiua  i>rodneea  a  ^'ery 
characteriwric  surface  njarkinjr,  when  the  anu  is  misled  from  the  side  in  a  welbdevelopetl 
snbjiH't.  the  five  or  six  lower  serratuins  are  plainly  di:5t*ernible,  formtne^  a  zi^^zatj  line*  cimsedby 
the  series  of  diiiiratiijns,  which  diminii*h  in  size  from  above  downwani,  and  have  tlieir  apices 
arranged  in  the  form  of  a  nirve.  When  tbe  arm  is  lying  by  the  side,  the  first  serration  to 
aopear.  at  the  lower  margin  of  the  Peet oralis  mnjor.  is  the  one  attached  t*)  the  iifth  riix  The 
Drftoiih  with  the  prominence  of  the  npjjer  extrtmiity  of  the  humerus,  prnduces  the  rounded 
outline  of  tlie  shotdder.  It  is  rounder  and  fuller  in  front  than  K^hind,  where  it  presents  a 
somewhat  flattened  form.  Iti*  anterior  Iwjrder^  idiove,  preseuta  a  ronnded.  i^lightly  curved 
eminencet  which  btmnds  extenially  the  infraclavieukr  fossa ;  l)elow,  it  is  closely  united  with  the 
;i2 
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Pectoralis  major.  Its  posterior  border  is  tliin,  flattenedj  and  scareely  markeii  above  ;  Im?1ow,  it 
is  thicker  and  more  ]>rontment  When  tlie  must'le  is  in  aetioti,  the  middle  portiun  becomes 
irregular,  prei^entiiig  idt^^rnitfe  luntritiidinal  elevations  and  depressions,  the  elevatit>us eorrespond- 
ing  to  the  fleshy  portions,  thit  de])re8sions  to  the  tendinous  Jiiterseetions  of  the  muscle.  The 
insertion  of  the  Deltoid  is  marked  by  a  denression  on  the  outer  side  of  the  middle  of  tlie  arm. 
Of  the  seapndar  mtiseles,  the  only  one  wlncli  materiidly  Influences  surface  form  is  the  Term 
mfjjnr^  which  assists  the  Latiissimus  dorsi  in  forming  the  thiek,  rounder!  fold  of  the  posterior 
iKjundary  of  the  axilla.  When  tbt}  ami  is  raised,  tlie  Coraco -brachial is  reveals  itself  as  a  long, 
narrow  elevation  which  enierires  fruuj  under  rover  of  the  anterior  fold  of  the  axilla  and  nms 
downwartL  internal  to  the  shaft  of  the  humerus.  When  the  arm  is  hanging  by  the  aide,  its 
iront  and  inner  jKirt  presentvS  the  pmniinence  of  the  Biceps,  bounded  oti  either  side  by  an  inter- 
muscuiar  depression.  This  mufsele  determines  the  contour  of  the  front  of  ihf"  arm,  and  extends 
firom  the  anterior  margin  of  the  axilla  to  the  bend  of  the  elk»w.  Its  upper  tendons  are  con- 
cealed by  the  Peetoralis  majcjr  and  tlie  Deltoid,  and  it^  lower  tendnn  sinks  into  the  sspaee  at  the 
bend  of  the  elbow.  When  the  mu8<^le  is  in  a  state  of  comiilete  eontraction — ^that  is  to  say^ 
when  the  tore  arm  has  been  flexed  ami  supinated — it  presents  a  rounded  convex  form,  bulged 
out  laterjdly*  and  it^  length  is  diminislied.  On  each  side  of  the  Biceps,  at  the  lower  part  of 
the  arm,  the  BrarhiaUn  anticuji  ja  dis<!ernibie.  On  the  outer  side  it  forms  a  namiw  eminence 
which  extends  some  distance  up  the  anu  along  the  border  of  the  Biceps.  On  the  inner  side  it 
shows  itself  only  a^  a  little  fulness  just  above  the  ellwtw.  On  the  back  of  the  arm  the  long  head 
of  the  Trk'fm  may  be  seen  as  a  longitudinal  eminence  emerging  frum  under  cover  of  the  Deltoid, 
and  gradually  merging  into  tlie  longitudinal  flattened  plane  of  the  muscle  on  the  lower  part  of 
the  Sack  of  the  arm.  On  the  anterior  aspect  of  the  elbow  are  to  be  seen  two  muscular  eleva- 
tions, one  on  each  side,  sepanitcd  above  and  converging  below  so  as  to  tbrm  a  triangular  space. 
Of  these,  the  inner  elevation,  eousisting  of  the  flexors  and  pronator,  forms  the  prominence 
alfing  the  inner  side  and  front  of  the  fbreanu.  It  is  a  fusiform  mass,  pointed  above  at  the 
intemai  condyle  and  grailually  tapering  off  below,  ^flu^  Prouafor  radii  ftrfs,  the  imiermost 
musi'le  ol'  the  group,  fnrms  the  boundary*  of  the  triangular  space  at  the  l>en(l  of  the  elbow.  It 
is  .Hliorter,  letis  prominent,  and  more  obliiiue  than  the  outer  boundary.  The  mo.st  prominent 
part  of  the  eminence  is  produced  by  the  /ferfjr  carpi  rttdi'ah's.  the  muscle  next  in  order  on  the 
inner  sitle  of  the  preceding  one.  It  fortns  a  n>unded  prMminence  alHive,  and  can  \>e  traced 
downwanl  to  its  tendon,  which  can  be  felt  lying  on  the  fn^nt  of  the  wrist,  nearer  to  the  radial 
than  to  the  ulnar  border,  and  to  tlic  inner  side  of  the  radial  artery >  The  Fnlmfuis  tfmtjus 
presents  no  surtace  marking  above,  but  IjcIow  is  the  most  pnmiinent  tendon  on  the  front  of  the 
wrists  standing  out,  when  the  muscle  is  in  action*  as  a  sharp,  tense  etird  beneath  t!ie  skin.  The 
Ffcjtm-  fiitUiuui<  Jiifitoium  di>es  not  directly  influence  suriace  form.  The  |M)sition  of  its  four 
tendons  on  the  frf>nt  of  the  lower  part  of  the  Ibrearm  is  indicated  by  an  elongated  depression 
between  the  tendons  of  the  Palmans  longiis  :m<l  tiie  Flexor  airpi  uhmris.  The  Firrnr  rtirpi 
nhtariA  occunies  a  small  part  of  the  posterior  surface  of  the  forearm*  and  is  separated  from  the 
extensor  ano  suninator  gnmr^  widen  occuj>ics  tlie  greater  i>art  of  this  surface,  by  the  ulnar 
furrow,  proiluced  by  the  .suK-ntaneons  posterior  Ixmh^r  of  the  ulna.  Its  tendon  can  be  oen^eived 
alum?  t!ie  ulnar  lM>rder  of  the  fr^jiit  of  the  forearm^  and  is  mo^t  marked  when  (lie  hana  is  flexed 
and  adducted.  The  deep  muscles  of  the  fronted' the  forearm  have  no  diret't  influence  on  surface 
form.  The  external  group  of  musi/les  of  (!ie  forearm*  consisting  id'  the  extcnst^rs  and  supi- 
nators, occupy  the  outer  and  a  eonsiderabie  ponir>n  of  the  posterinr  surface  of  this  r(^gi<m.  Tliey 
form  a  fu.sifbnn  mass,  which  is  altogether  nu  a  higher  level  than  the  pronato-flexor  group.  Its 
anex  emerges  from  between  the  Trieeps  and  Braehiali.s  antic  us  muscles  S4inie  distance  above  the 
elbow-joint*  and  acxjuires  its  greatest  breadth  opposite  the  external  condyle,  and  thence  gradually 
shades  off  into  a  flattened  surface.  AlN>ut  the  nii«ldle  of  the  lt>rearm  it  divides  into  two  longi- 
tudinal eminences  whicli  diverge  from  each  other^  leaving  a  triangular  interval  between  them* 
The  outer  of  these  two  groups  of  muscles  consists  of  tlu!  Supinator  Icuigus  and  the  Kxtenscjr 
(^rpi  radialis  iongior  et  brevicjr,  which  form  a  longitudinal  eminence  dest*ending  from  the  exter- 
nal condyloid  ridge  in  llie  dinn'tion  of  the  styloid  pnx-ess  of  the  radius.  The  other  and  more 
posterior  grt>up  con.^ist.s  of  the  Extensor  communis  digitoruui.  the  Extensor  minimi  digiti*  and 
the  Extensor  carpi  ulnaris.  It  conunences  above  as  a  tapering  forut  at  the  external  c*ondyle  of 
the  humerus,  and  is  .^parated  behind  at  its  upper  part  fVtmi  the  Anconeus  by  a  well-marked 
furrow,  and  Lielow,  friun  ihe  pronato-flexor  nia^s*  by  the  ulnar  fnrr^^w.  In  the  triangular  inter- 
val lef^  Ijetween  these  two  groups  the  extensurs  of  the  thumb  and  index  finger  are  seen.     The 


only  two  muscles  of  this  region  which  i-eouire  special  mention  as  independently  influencing 
surface  form  are  the  Supinator  longus  and  tlie  Anconeus,  The  inner  border  of  the  Supinator 
Ifitif/KH  ffjrins  the  outer  lMiundar>' of  the  triangidar  space  at  the  bend  of  the  ellxw.     It  com* 


mences  as  a  rounded  liorder  alxive  the  cun<lyk%  and  is  longer,  less  oblique,  and  more  prominent 
than  the  inner  iRJunrlarv'.  I/ower  down,  the  muscle  fonns  a  full  fleshj^  mass  on  the  outer  side  of 
the  upper  part  of  the  fi>rearm,  and  below  tapers  into  a  tendon,  which  may  be  traced  down  to 
the  styloid  process  of  iht^  nidius,  The  Aiuymfnx  presc^nts  a  welbmarked  and  characteristic 
surface  form  in  the  shape  r*f  a  triaueuhir*  slightly  e|evat*'d  surface*  immediately  external  to  the 
subcutaneous  prtsterior  surfiu^e  of  the  olecranon,  and  differentiated  fern  the  eommon  extensor 
group  by  a  well-marked  oftliouc  longitudinal  depression.  The  upper  angle  of  the  triangle  corre- 
sponds to  the  external  condyle,  and  is  marked  by  a  <lepres8ion  or  dimple  in  this  situation,  Itt  . 
tne  triangular  inten^al  caused  by  the  divergence  ftY)n4  each  other  of  the  two  gr^nips  of  muscles  i 
into  which  the  extensor  and  supinator  group  is  divided  at  the  lower  part  of  the  forearm  an 
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oblique  elongated  eminence  is  seen*  *?aused  by  the  emergence  of  two  of  the  extensors  of  the 
thumb  from  their  deep  orr^rin  fit  the  back  of  the  forearm.  This  eminence,  full  above  and  be- 
cominjtr  flattened  out  and  jiurtially  .subdivided  below,  runs  tlownwanl  and  outward  over  the  back 
and  outer  surface  id"  the  ra«liuH  to  the  outer  side  of  die  wrist-joiiit,  where  it  forms  a  ridge, 
estiecially  marked  when  the  thumh  is  extended,  which  passes  onward  to  the  posterior  aspect  of 
the  thumb.  The  temlons  ol"  niu^t  uf  the  extensor  nuiiieles  are  to  he  seen  and  felt  at  the  level 
of  the  wrist -joint,  Mt»;st  externally  are  the  tendons  of  the  Extensor  t»ssift  metacarpi  poUicia  and 
the  Kxtenscjr  brevij*  jMjllieis.  formini:  a  vertical  rid^^e  over  the  outer  side  of  the  joint  from  the 
styltiid  process  of  the  radius  to  the  thundi.  Internal  to  this  is  the  ohliqiie  ridjire  produced  by 
the  tendon  of  the  Extensor  lonjL'Us  poll  ids,  very  noticeable  when  the  must-le  is  in  action.  The 
Extensor  earpi  radialis  longior  is  seart?ely  to  be  telt,  hut  the  Extensor  carpi  radialis  brevior  can 
he  distinctly  perceived  as  a  verticul  rid^e  emerging  fnmi  under  the  inner  tnjrder  of  the  tendon 
of  the  Extensor  lonpis  poliicis,  when  tbe  hand  h  forcibly  extended  at  the  wTist.  Internal  to 
this,  a.ijrain.  can  be  felt  the  tendons  of  the  Extensor  indicis,  Extensor  communis  di^itorum>  and 
Extensor  minimi  di^nti ;  the  latter  tendcm  \mi\^  st^parated  from  those  of  the  common  extensor 
by  a  slight  furrow.  The  muscles  of  the  hand  are  principally  eoncernedt  as  tar  as  regards  mir- 
face-form,  in  pro<bicing  the  thenar  and  hyix*thenar  eminences,  and  individually  are  not  to  be 
distinguished,  on  the  surfat^e,  from  each  other.  The  Adductor  transi^en^us  jmUicu  is,  however, 
an  exception  to  this ;  its  anterior  boi^ler  ijives  rise  to  a  ridge  acrf>ss  the  web  of  skin  connecting 
the  thumb  to  the  rest  of  the  hand.  The  thenar  eminence  is  nnicb  larger  and  rounder  than  I  lie 
hypothenar  one,  which  presents  a  longer  and  narrower  endnence  alone:  tlie  ulnar  side  of  the 
hand.  When  the  l^idituiru  brevi^  is  in  action  it  produces  a  wrinkling  of  the  skin  over  the  hypo- 
thenar eminence,  and  a  deep  dimple  on  the  ulnar  Ixtrtler  of  the  hand.  The  anterior  extremities 
of  the  Lnmhrkal  mnndin  help  to  produce  the  soft  eminences  jiLst  behind  the  clefts  of  the  fini^ers,, 
separated  f^Jm  each  other  by  detiressions  eorrespon*lini^  to  tlie  flexor  tendons  in  their  sheaths. 
Between  the  thenar  and  hyiMithenar  eminences,  at  the  wrist-joint,  is  a  slight  groove  nr  de]ire.ssion, 
widening  out  as  it  uptiroiuhes  the  lingers;  beneatli  this  we  have  the  strong  central  part  of  the 
palmar  fascia.  Here  we  have  .some  furrow.%  which  are  pretty  constant  in  their  arranirement, 
and  bear  some  rest^mblance  to  tlie  letter  M*  One  of  these  furrows  pus;ses  obliquely  outwarii 
from  the  grtMive  between  the  thenar  and  hypothenar  regions  to  the  heao  of  the  njetaearjnd  k>ne 
of  the  index  linger,  A  second  passes  inward^  with  a  slight  inclination  upward*  Irom  the  termi- 
nation of  the  first  to  the  ulnar  side  of  the  hand.  A  third  runs  pandle!  with  the  second  and 
about  three-rpiartersof  an  inch  below  it.  Lastly,  crossing  these  two  latter  furrows,  is  an  (Aliqne 
furrow  parallel  witti  the  tirst.  The  skin  of  the  |ialm  ttf  the  Jiand  difters  considenibly  from  that 
of  the  forearm.  At  the  wrist  it  suddenly  beeornes  hard  and  dense,  and  covered  with  a  thick 
layer  of  cuticle.  The  skin  in  the  thenar  region  presents  these  eharaeteristies  less  than  elsewliere. 
In  apite  of  this  hardriess  and  density,  the  skin  of  the  palm  is  exceedingly  sensitive  and  yerj^ 
vaa^ular.  It  is  destJtnte  of  hair,  and  no  sebaeeyus  follicles  have  been  found  in  this  regi<jn. 
Over  the  fingers  the  skin  again  becomes  thinner,  especially  at  the  flexures  of  the  joints,  and 
over  the  terminal  phalaniies  it  is  thnjwn  into  numerous  parallel  ridges  in  cxmscfiuenee  of  the 
arrangement  of  the  papilliie  in  it.  The  superticial  fascia  in  the  italni  is  made  up  of  dense  libro* 
fatly  tissue.  This  ti.ssue  binds  down  the  skin  so  firmly  to  the  deep  twlmar  fascia  that  ver>'  little 
movement  is  }>ermitted  lietween  the  two.  (in  the  back  of  the  hand  the  Lhrnfif  tuffntMri  pro- 
duee  elongated  swelliiiL's  lietween  the  metacarpal  btuies.  The  fii-st  dorsal  inten>sseous  ( Abfiuetor 
indicis  1.  when  the  thumb  is  closely  adducted  to  the  hand,  tonus  a  prominent  fusifonn  bulging; 
the  other  interusi^eri  arc  not  so  marked. 

SI  ROICAL  ANATOMY  OF  THE  UPPER  EXTREMITY. 

The  student^  having  completed  the  dissection  of  the  muscles  of  the  upper  extremity*  should 
consider  the  efteets  likely  to  be  produced  by  the  action  of  the  various  muscles  in  fracture  of  the 
bones. 

In  considering  the  actions  of  the  viirious  muscles  ujhuj  fmctures  of  the  upper  extremity^  I 
have  selected  the  must  conitnou  forms  <d'  injurj%  With  for  ifiustration  and  descnjttion. 

Fracture  of  the  middle jtf  the  rhtr it h{¥\ii.  319)  is  alwuys  attended  with  considertdjle  dia* 
pla«?ement :  the  inner  end  of  the  outer  fratrmcnt  is  disjilaeed  inward  and  backward,  while  the 
outer  end  of  the  Siunc  fragment  is  rotated  forward,  owing  to  the  displacement  backward  of  \m 
itmer  end.     The  whirle  iiuter  fnigraent  is  soniewhttt  dcprt^ssed, 

Tlie  ilisjilacement  is  produced  jts  follows:  iutrnrff,  by  the  muscles  passing  from  the  chest  to 
the  outer  fragment  of  the  clavicle,  to  the  s^^apula,  and  to  the  himjerus^viz.  the  Subclavius,  the 
Peetoralis  minor  and  major,  and  the  Latissimus  dorsi ;  fMicAitartt  with  conseiiuent  rotation  of 
the  outer  end  of  the  outer  frat'tnent  Hirwartl  by  the  Pectonil  nnisScles,  The  depression  of  the 
whole  outer  fragment  is  produced  by  the  weight  of  the  arm  and  by  the  contraction  of  the  Deltoid. 
The  outer  end  rd'  the  inner  fragment  appears  to  be  elevated,  the  skin  W^ing  drawn  tensely  over 
It;  this  is  owinsi  to  the  ilepression  of  tlie  outer  fragment,  as  the  inner  fragment  is  usually  kept 
fixed  by  the  costo -clavicular  ligainr'nt  and  by  the  antaL'onism  between  the  Sterno-mastoid  and 
Peetoralis  nnijor  mns4_'le^.  But  it  may  lie  raiserl  by  an  uiuisually  strong  Sterno-mastoid,  or  by 
t!ie  inner  end  *»f  the  outer  fragment  gcttintr  hiiiw  and  behind  it.  The  causes  of  displacement 
having  been  asc'crtained,  it  is  easy  to  Hpply  the  appropriate  treatment.  The  outer  frujrment  is 
to  be  drawn  outwapb  and^  together  with  the  scapula,  raised  upward  to  a  level  with  the  inner, 
fragment,  and  retaintid  in  that  pckaition* 
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In  fVacturo  of  the  acromial  end  of  the  ehtviclr^  Ixitween  the  eonoid  ami  trapezoid  ligaments, 
only  alight  displacement  occurs,  aa  these  li^^aments,  from  their  obliquf  inHertiun,  swerve  to  huld 

both  imrtiuiis  ut'the  Ixme  m  a^iposltion.  Fiiietiire,  aba, 
of  the  sftntal  f-ntf^  iDternal  to  the  eosto-elavicuhir  li^a- 
meiit*  i&  attended  with  uiily  fcrlight  displaeemeiitt  tlris 
h^ament  serving  to  retain  the  fragments  in  close  apjHj- 
sit  ion. 

Fractnre  of  the  acnmumt  pracem  usually  arises  frtim 
violence  applied  to  the  tipper  and  outer  part  of  the 
shoulder;  it  is  generally  known  by  the  rotttndity  of  the 
tihoidder  betn^'  l(*ttt.  IKun  the  Deltoid  drawinja:  the  frae- 
tured  ixirtion  downward  and  forward  ;  and  the  displaee- 
ment  may  easily  be  cliist-overed  hy  tracing  the  margin  of 
y^  --—^l^--^  X^^^lilL  ^*  F^B  fhe  davicle  outward*  when  the  fragment  will  be  found 
''^n        r^'-^^TMW^HKM^K&i^Si      resting  on  the  front  and  uj>per  part  of  the  liead  of  the 

liumerus.  In  order  to  relax  the  anterior  and  outer 
fibres  of  the  Dekoiil  (the  opposing  muscle U  tlie  ;tnn 
should  be  drawn  forw^ard  aerosti  the  ehei^t  and  the  elhow 
well  rJiised,  so  that  the  head  of  tlic  bone  may  press  tJie 
aen^niion  prot-ess  upward  and  retain  it  in  its  j»osition.        I 

Fnieturc  of  the  inracoitf  pnmM  is  an  exiremely  rare 
aeeident.  and  is  usually  caused  by  a  sharp  blow  on  the 

{>oint  of  the  shoulder  iJisjilaeenicnt  is  here  t>rodneed 
py  the  eomhined  actions  of  the  Peetoralis  minor*  short 
head  of  the  Bieern.  and  Coraeo-braeliialis,  the  fonuer 
muscle  drawing  the  fragment  inwanl,  and  the  latter 
directh'  downward,  the  anioutit  of  displaeemeiit  being 
limited  by  the  connection  of  this  prtx^ess  to  the  aeromioti 
by  means  of  the  coraco- acromial  ligaineut*  In  order  to 
relax  these  miLseles  and  repljo'e  the  fracments  in  close 
apposition,  the  ti>rearm  should  he  flexed  so  as  to  relax 
the  Biceps,  and  the  arm  drawn  forward  and  inward  aeross  the  chest,  m  a.s  to  R'lax  tht^_  Coraeo- 
brai?hialis:  the  humerus  should  then  be  pushed  ujnvarl  against  the  coraeo-aeromial  ligament^ 
and  the  anu  retained  in  that  position. 

Fracture  of  the  mirf/ictil  mrJc  f/  fh*'  kumerm  (Fig.  320)  is  verj*  common,  is  attended  with 
considerable  displacement,  and  its  ajipearances  ectrrejspond  somewhat  with  those  of  cijshxjation 
of  the  head  of  the  humerus  into  the  axilla.  The  up))er  fragment  is  slightly  elevateil  under  the 
eoraco-acromial  ligciment  by  the  muscles  attaelud  h>  the  >freater  and  lesjiier  tnherrtstties;  the 
lower  fragment  is  drawn  inward  by  the  Peetoralis  major,  Latissimua  dorsi,  and  Teres  major;  and 
the  humeriLH  h  thrown  obliquely  outward  from  the  side  by  the  Deltoid,  and  occasionally  elevated 
BO  as  to  project  beneath  and  in  fixmt  of  the  coracoid   process.     The  defoniiity  is  reduced  by 

fixing  tlie  shoulder  and  drawing  the  aruj  outward  and  down- 
~  ward.     To  counteract  the  opjiosintr  niuscles,  and  to  keep  the 

fragments  in  position,  the  arm  should  be  drawn  from  the  side 
and  pasteboard  aolints  iipjtlicd  on  its  four  sides;  a  large  conieal- 
ghaped  pad  sliould  I*  idaeed  in  I  he  axilla,  wiih  the  base  turned 
upward  and  the  cIIkjW  a|>proximated  to  the  side,  and  retained 
there  hy  a  broad  roller  passed  round  the  chest ;  the  forearm 
should  then  be  flexed,  and  the  hand  supported  in  a  sling,  care 
being  takcti  not  to  rai^e  the  elbow^  otherwise  the  lower  frag- 
ment may  be  displaced  uf>ward. 

In  fi-aeture  of  the  iimiff  of  (he  humentj^  below  the  inser- 
tion of  the  Peetoralis  nuijnr,  Ijatisf^inius  dorsi,  and  Teres  major, 
and  aimve  the  insertion  of  the  Deltoid,  there  is  also  ctvnstder- 
able  de fortuity*  the  upper  fragment  being  drawn  inwurd  by  the 
first-meut toned  niust*les.  and  the  lower  fra^niient  tipward  and 
outward  by  the  Deltoid,  prcniucing  sliortetiinr  of  the  lindi  and 
a  consideral>le  prominence  at  the  seat  of  fracture,  frnm  ihe 
fra< 'tured  ends  oY  the  biuje  ri<hng  over  one  another,  es|»cciHlly 
if  the  fracture  takes  pltu-c  in  an  oblique  direction.  The  frag- 
ments may  be  brouglit  into  appositifui  by  extension  from  the 
elhow,  atid  retained  in  that  position  by  adopting  the  same 
means  as  in  the  preceding  injury. 

In  fraptures  of  the  fih*ift  of  the  hiniuna^  immediately  l>clow 
the  insertion  of  the  Deltoid,  the  amount  of  defbnuity  dei>ends  irreatly  upon  the  direction  id'  the 
fracture.  If  it  occurs  in  a  tniasyei-se  direction,  only  slight  displacement  takes  place,  the  upper 
fragment  Ijeing  drawn  a  little  forwar<l ;  but  in  oblique  fracture  tlie  e<unbine<l  aetitms  of  the 
Biceps  and  Brachiali.H  antieuB  muscles  in  front  and  the  Triceps  behind  draw  upward  the 
lower  fragment,  causing  it  to  dide  over  the  ujiper  fragment,  either  backward  or  f^^rward. 
ae^^onhmr  to  the  direction  of  the  fracture.  Simjile  extension  reduces  the  deformity,  and 
the  applieatioD  of  splints  od  the  four  sides  of  the  arm  will  retain  the  fragments  in  apposition. 


Fig.  SaJ.— Fractun;  of  the  surgical 
neck  of  the  bumcniB. 
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Care  should  be  ti&ken  out  to  raise  the  elbow,  but  the  foreanu  and  hand  may  bo  supj>orU?d 
in  a  ftlin^. 

Fracture  of  the  hunieruA  (Fi^.  321)  immediately  above  the  condyles  deserves  very  altentivo 
consideration,  us  the  irenerul  appoamnces  eorrespond  mimewhat  with  those  produced  by  sep- 
Hfatiun  of  the  epiphysis  »jf  the  hmnerns,  and  with  tho8e 
of  ijislix'atiiin  of  the  mditis  anil  nhiii  hai'kwarti.  If  tlio 
direction  of  the  fnwture  b  oblique  Irurn  above,  downward 
and  forward,  the  lower  frairinLiit  is  drawn  upwiurd  and 
baekwaDJ  by  the  Braehiiibj*  anticns  and  Biceps  in  Imnt  and 
the  Triceps  bebinJ.  Tliis  injury  may  he  diaarnotied  from  dis- 
location by  the  im' reused  mobility  iti  frtietnre,  the  existence 
of  crepitus,  and  the  ("act  of"  the  deformity  heiiiE;  remedied  by 
extension,  on  the  diseoai in  nance  of  whicli  it  h  reproduced. 
Ttie  aire  of  the  patient  !«  ot'inj|Kjrtance  in  dif?tinguisbing  this 
form  of  injury  from  separation  of  the  epiphysis.  If  frac- 
ture occurs  in  the  opposite  direction  to  that  shsiwn  in  the 
aecomimnyin;^'  figure,  the  lower  fragment  is  dniwn  upward 
and  Ibrwanb  eausinjLj  a  conslderalile  (trominenee  in  froiU,  !ind 
the  upper  fragment  prcyects  backward  beneath  the  tendon 
of  the  Triceps  muscle. 

Fracture  of  l lie  ofrautnon  process  (Fi/sf.  322)  is  a  frcfjucnt 
accident.  The  (let:»ifjed  fragment  is  displace*!  upward,  by 
the  action  of  the  Triceps  muscle,  from  bidf  an  incfi  to  two 
inches;  the  nrorainenee  of  the  elbow  is  consequently  lost, 
and  a  deep  hollow  is  felt  at  iliy  back  part  of  the  joints 
which  is  much  increased  on  flexintr  the  bmb.  The  patient 
at  the  same  tinn>  loses,  more  or  less,  the  power  of  extetiding 
the  forearuL  The  treatment  consists*  in  relaxing  the  Triccfys 
by  extendinu  the  limb,  and  retainini:  it  in  the  extended  nosi- 
tion  by  means  of  a  Joni,^  straight  sj^lint  apphed  to  the  front 
of  the  arm;  t!»e  fraLnnents  are  thns  brought  into  close  apposition,  and  may  be  further  approxi- 
mated by  drawing  down  the  upper  fragment.     Union  is  generally  li^zainentoua. 

Fracture  of  the  mck  of  iht'  mdtm  is  an  exceedingly  rare  accident,  atid  is  generaUy  tensed 
by  ilir€*et  violem^e.  Its  diagnosis  is  s<imewbat  obscure*  on  [iccount  of  the  shgbt  deformity  visible, 
the  injured  part  Iteing  surrounded  by  a  large  numl>er  of  muscles ;  but  the  movements  of  prcma- 
tion  anil  snpination  arc  entirely  lost.  The  \ipper  fragment  is  dntwn  outward  by  the  Supinator 
brevis,  its  extent  of  disfdat'cini  nt  being  limited  by  the  attachment  of  the  orbicular  lig:ament. 
The  Inwer  fnigment  is  drawn  forward  and  slightly 
upwiird  by  the  Biei'ps,  and  inward  by  the  Fro- 
nutor  radii  teres,  its  displacement  forward  and 
upward  being  countcnicted  in  some  degree  by 
the  Supinator  brevis.  The  treatment  essentially 
consists  in  relaxing  the  Biceps,  Suninator  brevis, 
arid  Pronator  ra<lii  teres  musrles  oy  flexing  tht^ 
forearm,  and  placing  it  in  a  |>osition  midway 
beiween  pronation  and  supination,  extension 
having  been  previously  made  so  as  to  bring  the 
parts  in  apjufsitinn. 

In  fra<!tnre  id"  the  rfulntJt  (Fig.  323)  near 
its  centre,  the  upner  fragment  is  dniwn  upward 
by  the  Bic  cps  arnl  invvunl  by  the  Pronator  radii 


Fto.  321.— Fracture  <if  the  humenu 
above  th«f  condyles. 


Fiti.  5J22,— Fracture  of  the  olecninoa. 


teres,  holding  a  |K>sitinn  midway  l>etween  pro- 
nation and  sTijiitiation.  and  a  degree  of  fulness 
in  the  upper  hall  rd'  the  iiircarm  is  thus  [iro- 
dueed :  the  lowt^r  fniinnent  is  drawn  downward 
and  inward  luwaril  the  ulna  hy  the  Pronat^jr 
quadratus,  and  thruwri  into  a  state  of  p>rynatiun 
by  the  same  must^le;  at  the  same  time,  tlie  *Su- 
pinator  longus,  by  elevating  the  styloid  procejss,  into  which  it  is  in&erted,  will  serve  to  depreaa 
the  irpper  end  of  the  lower  fragment  still  more  towani  the  ulna.  In  ortler  to  relax  the  opposing 
mus*dt^  the  forearm  should  be  bent,  and  the  limb  placed  in  a  position  midway  between  prona- 
tion and  supination  ;  the  fracture  is  then  easily  rt^duci'd  by  extension  from  the  wrist  and  elbow: 
well-padded  splints  should  be  applied  on  l^tth  sides  of  the  forearm  from  the  elUiw  t*j  the  wrist ; 
the  band  being  allowed  to  fall,  will,  by  its  own  weight,  counteract  the  action  of  the  Pronaior 
quadratus  and  tSuninattir  longus,  and  elevate  the  lower  fragment  to  the  level  of  the  upper  one. 

In  frariure  or  the  i^hft/t  tiff  hi  nJftn  the  upner  fragment  retains  its  usual  pi^Hition,  but  the  lower 
fragment  is  drawn  outward  toward  the  radius  by  the  Pronator  quad mtus,  proilueing  a  well-marked 
depression  at  the  seat  of  fracture  and  .some  fulness  on  the  dorsal  and  palmar  surfaces  of  the 
forearm.  The  fractnre  is  Ciusily  reduced  by  extension  from  the  wrist  and  tbreann.  The  fore- 
arm should  be  flexed,  and  placed  in  a  p^>si tion  midway  fie t ween  pronation  and  supination,  and 
well- padded  splints  applied  from  the  ell>ow  to  the  ends  of  the  fingers. 
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In  firaeture  of  i\\%  sJiatls  of  the  radlwa  and  ulna  together  the  lower  fragments  are  drawn 
upward,  scuuctimt-s  forward,  sometimes  backward,  according  to  the  direction  of  the  fracture, 
by  the  combined  actions  of  the  Flexor  and  Extensor  muscles,  prudiiciu^'  a  decree  of  i\drie^  on 

the  dorsal  or  palmar  surface  of  the  foreanii :  at 
the  sjimc  time  th<*  tw»i  fragments  are  drawn  into 
contact  by  the  Pronator  qiunlrattis,  tfie  radius 
bein^  in  a  state  iif  pnnjatiun  :  the  upper  frag- 
ment of  the  radius  is  drawn  u]iward  and  inward 
by  the  Biceps  and  Pronator  radii  terei?  to  a  higher 
level  than  (he  ulna;  the  upjKT  portion  of  the 
ulna  is  slightly  elevated  by  the  Brachialis  anticus. 
The  fractun;  may  lie  reduced  by  extenssioti  from 
the  wrist  and  elbow,  and  the  forearm  should  bo 
placed  in  the  same  position  us  in  fracture  of  the 
ulna. 

In  fracture  of  the  Jmcer  end  of  (Jt^  rwh'm 
(Fig,  324)  the  displacement  w*hich  is  prod  need 
IS  very  considerable,  and  Ijeara  some  resemblance  to  dislocation  of  the  carpus  backward,  from 
which  it  should  be  carefnlly  distinguished.  The  lower  fniuTucut  is  drawn  upward  and  backward 
behind  the  lipfKT  fragment  by  the  Lttmbined  actions!  of  the  Siijmiator  longus  and  the  flexors  and 
the  extensors  of  the  thumb  and  carpus^  i^nMlucing  a  well-markcil  prominence  on  the  ba^'k  of  the 
wriyt,  with  a  deep  depression  above  it.  The  npper  fnigmeur  prt*jects  fonsanl,  often  lacerating 
the  substance  of  the  Pronator  quadratus,  and  ia  drawn  by  this  nmscle  into  close  contact  with  the 
lower  end  of  the  ulna,  causing  a  projection  on  the  anterior  surface  of  the  forearm,  immediately 


Fio.  823^.— Fmcture  of  the  ah&ft  of  the  radios* 


Flo.  aaC— Fmcture  of  ibc  lower  end  of  iht;  radiu*. 

above  the  (arpm  from  the  flexor  tendons  being  thrust  forward.  This  fracture  may  be  distin* 
guished  from  didocation  fjy  the  deformity  being  removed  on  making  sufficient  extension^  when 
crepitus  may  be  ooeaBionally  detected  ;  at  tlie  same  time,  on  extension  being  diset>n tinned,  the 
parts  imuiediately  resume  their  deformed  appearance  (see  also  page  232).  The  age  of  the 
patient  will  idsij  assist  in  deiennining  whether  the  injury  is  fhicturt^  or  se|>aration  of  the  epiph- 
ysis. The  treatment  consists  in  flexing  the  ibnnirm.  and  making  powerful  extension  from  the 
wrist  and  elbow,  depressing  at  the  sjime  time  the  radial  side  of  the  nand,  and  retaining  tlic  parts 
in  that  position  by  we  If- padded  imtof-sihaptd  splints. 


MUSCLES  AND  FASCLS 

The  Muscles  of  the  Lower  Extrem 
with  the  different  regions  of  the  limb 

Iltac  Region. 
Psoas  magnus. 
Psoas  parvus. 
Iliac  us. 

TUIOH, 

Anterior  Fetnoral  Region* 

Tensor  vaginae  femoris. 

Sartorius, 

Rectus. 

Vastus  extern tis. 

Vastus  intern  us. 

Crureiis. 

Subcrureus. 


OP  THE  LOWER  EXTREMITY. 

ity  are  subdivided  into  groups,  corresponding 


Internal  Femoral  Rcgio7i. 

Gracilis. 
Pectineus. 
Addiietor  longiis. 
Adductor  brevis. 
Adductor  magnus. 

Hip. 

Gluteal  Retfion* 

Gluteus  maximus. 
Gluteus  inedius. 
Gluteus  minimuB. 
Pyriformis. 
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Gemellus  superior. 
Obturator  internus. 
Gemellus  inferior. 
Obturator  externus. 
Quadralu^  femoris. 

Posterior  Femoral  Region, 

BicepB. 

Semi  ten  din  OS  us. 

SemimembraDosua. 

Leo. 
Anterior  Tibio-jibular  Region 
Tibialis  anticus. 
Extensor  longus  digitorum. 
Extensor  propriua  halhiois. 
Peroneus  tertius, 

Posterior  Tihio-fibidar  Region. 

Superficial  Layer* 

Gastrocnemius. 

Plantaria, 

Soleus* 

Deep  I^aytr. 
Popliteus. 

Flexor  longua  hallucis. 
Flexor  longus  digitorum. 
Tibialis  posticus* 


Fibular  Region. 

Peroneus  longus, 
Peroneus  b  re  vis. 

Foot. 

Dorsal  Meg  ion. 

Extensor  brevis  digitorum. 

Plantar  Region. 
First  Layer, 
Abductor  halhicis. 
Flexor  brevis  digitorum. 
Abductor  minimi  digiti. 

Second  Layer, 
Flexor  accessoriufli 
Lumbricales* 

Tliird  Ijiyer, 

Flexor  brevis  hallticia. 
Adductor  obliqtms  hallucig. 
Flexor  brevis  minimi  digiti. 
Adductor  trans  versus  pedis. 

Fmirlh  Layer, 

The  Interossei. 


Psoas  magnus. 


ILIAO    BBGIOK. 

Psoas  parvus. 


IHacua. 


Dissection* — No  detailed  description  is  re«niired  tor  ibe  dissectioti  of  these  muscles.  On 
th«  removiil  of  the  viseerd  from  tlie  aDdomeu  they  are  exposed,  covered  by  the  peritoneum  and 
a  thin  layer  of  fascia,  the  ihac  fascia. 

The  iliac  fascia'  is  the  aponeurotic  hivcr  which  linc8  tlie  back  part  of  the 
abdominal  cavity,  and  covers  the  Psoas  and  Iliacus  mnsclcs  throughout  their  whole 
extent.  It  is  thin  above,  and  becomes  gnidually  thicker  below  as  it  approaches 
the  crural  arch.     It  is  a  part  of  the  general /'f?*(:/Vi  transiyersaUs. 

The  portion  eorering  the  Psoas  is  attached,  above,  to  the  ligamentum  arcuatnm 
internum  ;  internally,  by  a  series  of  arched  processes  to  the  intervertebral  substances 
and  prominent  margins  of  the  bodies  of  the  vertebrte,  and  to  the  upper  part  uf  the 
sacrum,  the  intervals  so  left,  opposite  the  constricted  portiruis  of  the  bodies, 
transmitting  the  lumbar  arteries  and  filaments  of  the  sympathetic  nerve.  Ex- 
ternally, above  the  crest  of  the  ilium,  this  portion  of  the  iliac  fascia  is  continuous 
with  the  anterior  lamella  of  the  lumbar  fascia  (see  J>age  4;i8),  but  below  the  crest 
of  the  ilium  it  is  continuous  with  the  fascia  covering  the  Iliacns. 

The  portion  investing  tke  Uiaeits  is  connecte<l  externally  to  the  whole  length 
of  the  inner  border  of  the  crest  of  the  ilium*  and  internally  to  the  brim  of  the 
true  pelvis  or  iiiae  i^'trtioji  of  the  iHo-pectiueal  line,  and  at  the  ilio-pectineal  emi- 
nence it  receives  the  tendon  of  insertion  of  the  Psoas  parvus,  when  that  muscle 
exists.  External  to  the  femoral  vessels,  this  fascia  is  intimately  connected  to  the 
posterior  margin  of  Poupart's  ligament-,  and  is  continuous  with  the  fascia  trans- 
versalis.  Internal  to  the  vessels  it  is  attached  tr)  the  ilio-pectineal  line  behind  the 
conjoined  tendon,  where  it  is  again  continuous  with  the  transversalis  fascia;  and, 

*  The  aludent  must  not  confound  this  fascia  with  the  iliac  portion  of  tkefageia  lata  (see  p.  508). 
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corresponding  to  the  point  M'here  the  femoral  vessels  pass  into  the  thigh,  this  fascia 
de,scencls  behind  them,  fotming  tlie  posterior  wall  of  the  crural  .sheath.  This 
portion  of  the  iliac  fascia  which  passes  behind  the  femoral  vessels  is  also  attached 
to  the  ilio-pectiiieat  line  heyond  tlie  limits  of  the  attachment  of  the  conjoined 
tendon  ;  at  this  part  it  is  continuous  with  the  pybic  portion  of  the  fascia  lata  of 
the  thigh.  The  external  iliac  vessels  lie  in  front  of  the  iliac  fascia,  but  all  the 
branches  of  the  lumbar  plexus  behind  it;  it  is  separated  from  the  peritoneum  by  a 
quantity  of  loose  areolar  tissue. 

The  Psoas  rnagnus  (Fig.  326)  is  a  long  fwsiform  muscle  placed  on  the  side  of 
tiie  lumbar  region  of  the  spine  and  margin  of  the  pelvis.  It  arises  from  the  front 
of  the  bases  and  lower  borders  of  the  transverse  processes  of  the  lumbar  vertebrae 
by  five  fleshy  slips ;  also  from  the  sides  of  the  bodies  and  the  corresponding 
intervertebral  substances  of  the  hist  dorsal  ami  all  the  hunbar  vertebra'.  The  I 
muscle  is  connect^ni  to  the  bodies  of  the  vertebra?  by  five  sli|)s  ;  each  slip  is  attached 
to  the  u|iper  and  lower  margins  of  two  vertebrai,  and  to  the  intervertebral  substance 
between  them,  the  slijis  tht^mselves  being  connected  by  the  tendinous  arches  which 
extend  across  the  constricted  part  of  the  bodies,  and  beneath  which  pass  the  hinibar 
arteries  and  sympathetic  nerves.  These  tendinous  arches  also  give  origin  ta 
muscular  fibres,  and  protect  the  blood-vessels  and  nerves  from  pressure  during  the 
action  of  the  muscle.  The  first  slip  is  attached  to  the  conti^utms  nuugins  of  the 
last  dorsal  and  first  lumbar  vertebne ;  the  last  to  the  contigtiotis  margins  of  the 
fourth  and  fifth  lumbar,  and  to  the  intervertebtTil  substance.  From  these  points 
the  muscle  passes  down  across  the  brim  of  the  pelvis,  and,  diminishing  gradually 
in  size,  passes  beneath  Poupart's  ligament,  and  terminates  in  a  tendon  which, 
after  receiving  the  fibres  of  the  Iliacus,  is  inserted  into  the  lesser  trochanter  of 
the  femur. 

Relations. — \n  the  hnubar  region  :  by  its  anterior  surface^  which  is  placed 
behind  the  peritiuieum.  with  the  iliac  fascia,  the  tigamentum  arcuatum  internum, 
the  kidney.  Psoas  parvus,  renal  vessels,  ureter,  spermatic  vessels,  genito-erural 
nerve,  and  the  colon  ;  by  its  poaierior  Hurfaet\  with  the  transverse  processes  of  the 
lumbar  vertebrte  and  the  Quadratus  lumborum,  from  which  it  is  separated  by  the 
anterior  lamella  of  the  lumbar  fascia.  The  anterior  crural  nerve  is  at  first 
sittiated  in  the  sr.ibstanee  of  the  muscle,  and  emerges  from  its  outer  border  at  the 
lower  part.  The  lumbar  plexus  is  situated  in  the  posterior  part  nf  the  substance 
of  the  muscle.  By  its  iuuer  Hid*'  the  muscle  is  in  relation  with  the  bodies  td'  the 
lumbar  vertebr;«,  the  lumbar  arteries,  the  ganglia  of  the  sympathetic  nerve,  and 
their  branches  of  communication  with  the  spinal  nerves;  the  lumbar  glands;  the 
vena  cava  inferior  on  the  right  and  the  aorta  tui  the  left  side,  and  along  the  brim 
of  the  pelvis  with  the  external  iliac  artery.  In  the  thigh  it  is  in  relation,  in  front, 
with  the  fascia  lata;  behind,  with  the  capsular  ligament  of  the  hi|i,  from  which  it 
is  separated  by  a  synovial  bursa,  which  frequently  cummunicates  with  the  cavity 
of  the  joint  through  an  opening  of  variable  size;  by  its  inner  border^  with  the 
Pectineus  and  the  femoral  artery,  which  slightly  overlaps  it:  by  its  oufir  border^ 
with    the  interior  crura!  nerve  and  Iliacus  muscle. 

The  Psoas  parvus  is  a  long  slender  muscle  placed  in  front  of  the  Psoas  magnus. 
It  arises  from  the  sides  of  the  bodies  of  the  last  dorsal  and  first  lumbar  vertebrae 
and  from  the  intervertebral  substance  between  thetn.  It  forms  a  small  fiat  muscular 
bundle,  which  terminates  in  a  long  fiat  tendon  inserted  into  the  ilio-pectineal 
eminence,  and,  by  its  outer  border,  into  the  iliac  fascia.  This  muscle  is  often 
absent,  and*  according  to  Cruveilhier,   sometimes  double. 

EelatioES* — ^It  is  covered  by  the  peritoneum,  and,  at  its  origin,  by  the  ligaraentum 
arcuatum  internum;  it  rests  on  the  Psoas  magnus. 

The  niacuft  is  n  fiat,  triangular  muscle  which  fills  up  the  whole  of  the  iliac 
fossa.  It  arises  from  the  upper  two-thirds  of  this  fossa  and  from  the  inner  margin 
of  the  crest  of  the  ilium;  behind,  from  the  ilio-lumbar  ligament  and  base  of  the 
sacrum;  in  fi^ont,  from  the  anterior  superior  and  anterior  inferior  S[iinoiis  processes 
of  the  ilium,  from  the  notch  between  them,  and  by  a  few  fibres  from  the  capsule 
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of  the  hip-joint.  The  fibres  con'verge  to  be  inserted  into  the  outer  side  of  the 
tenJoti  of  the  Psoas,  some  of  them  being  prolonged  into  the  oblique  line  "vihich 
extends  from  the  leaser  trochanter  to  the  linea  aspcra.* 

Relations. —  Within  thr  pvlri» :  by  its  anterior  surface,  with  the  iliac  fascia, 
which  separates  the  muscle  from  tlie  peritoneum,  and  Avith  the  external  cytancnus 
nerve ;  on  the  right  side,  with  the  ciecum  ;  on  the  left  side,  with  the  sigmoid 
tlexure  of  the  colon;  by  its  posterior  surface^  with  the  iliac  foftsa;  by  its  inner 
border^  with  the  Paoaa  magnus  and  anterior  crui*al  nerve*  In  the  thigh,  it  is  in 
relation,  by  its  anterior  surface,  with  the  fascia  lata.  Rectus,  and  8artorius; 
behind,  with  the  capsule  of  the  hip-joint,  a  synovial  bursa  common  to  it  and  the 
Psoa.s  magnus  being  interposed. 

Nerves. — ^The  Psoas  magnus,  and  the  Psoas  parvus  when  it  exists,  are  supplied 
by  the  anterior  branches  of  the  lumbar  nerves:  ihe  Iliacus  by  the  anterior  crural. 

Actioas. — The  Psoas  and  Iliacus  muscles,  acting  from  above,  flex  the  thigh 
upon  the  pelvis,  and»  at  the  same  time,  rotate  the  femur  outward,  from  the 
obliquity  of  their  insertion  into  the  inner  and  hack  jmrt  of  that  bi>ne*  Acting 
from  below,  the  femur  being  fi.ted,  the  muscles  of  both  sides  bend  the  lumbar 
portion  of  the  spine  and  pelvis  ft>rward.  They  also  serve  to  maintain  the  erect 
position,  by  supporting  the  sj>ine  and  pelvis  upon  the  femur,  and  assist  in  raising 
the  trunk  when  the  body  is  in  the  recumbent  posture. 

The  Pma9  parvus  is  a  tensor  of  the  iliac  fascia. 

Surgical  Anatomy* — In  the  iliac  fascia  there  is  no  definite  septum  between  the  fHirtluns  of 
iWiia  euviiriiiif  the  Paoas  and  Iliacus  respectively,  anrl  flie  fascia  is  only  eoimected  to  the  subfa- 
cent  muscles  by  a  quantity  of  loose  connective  tissue.  When  abscess  forms  beneath  this  ikscia* 
as  it  is  ver>'  ant  to  do,  the  matter  is  eontairjed  in  an  ossck)- fibrous  cavity  wliich  fs  closed  on  nil 
sides  within  the  abiJouicn,  and  is  open  only  at  ita  lower  part,  where  the  fascia  rs  prolonged  over 
the  tniLscle  into  the  ihijsdi. 

Abs*^ess  within  the  sbeutli  of  the  Psoas  muscle  { Diotjjf  altxnem)  is  generally  due  to  tubercular 
caries  of  the  t^rMties  of  the  lower  ilnrsal  and  Itimlwir  vcrtebne*  When  the  disease  is  in  the  d(>rsal 
re^on.  the  matter  trarfs  down  the  posterior  mediastinnm,  in  front  ttfthe  liodits  of  the  vertehne, 
and,  passing'  tien eat h  the  li>,ramen turn  arcuatum  internuin,  erUers  the  sheath  of  the  Psoas  museks 
down  which  it  piisscs  as  far  as  the  pelvic  brim  ;  it  then  ^ets  beneath  the  iliac  portion  of  the  fas(*ia 
and  fills  up  the  iliac  fussa.  In  consconenee  of  the  attaelinient  of  the  fascia  (o  the  pelvic  brim,  it 
rarely  finds  its  way  into  the  i>elvi?*.  out  passes  by  a  narrow  ojtcninp  under  Poupart's  ligament 
into  the  thich,  to  the  outer  side  td'  the  icruorid  vessels.  It  tlnis  follows  that  a  Psoas  abscess  may 
be  deserihed  as  consisting  of  four  parts:  (I  J  a  somewhat  uanxw  channel  at  its  npf>er  part,  in  tlie 
Psoas  sheath  :  (2)  a  dilated  sac  in  the  iliac  fossa;  iii)  a  constrieted  neek  under  Poupart's  li^^a- 
ment;  and  (4)  a  dilated  sjie  in  the  upper  part  of"  the  thigh,  W lien  the  lonihar  vertehne  are 
the  seat  of  the  disease,  the  matter  finds  its  way  directly  into  tlie  substance  of  the  muscle.  Tlie 
muscidar  fibres  are  destroyed,  and  the  nervtms  corrls  eoiUained  in  the  abscess  are  isolated  and 
exposed  in  its  interior;  the  fenioml  vessels  which  lie  in  front  of  the  fascia  remain  intact,  and  the 
peritoneun»  seldom  heeome.s  implicated.  All  Psoas  abs*H"ss<'S  do  not,  htiwever,  pursue  this 
conrse  ;  the  matter  may  leave  the  Tuuscle  above  the  crest  of  the  ilium,  and.  tracking  haokward. 
may  point  in  the  loin  {hfrnftfir  ttltmcesji) ;  or  it  ntay  point  above  Pouoart's  ligament  in  the  intruinal 
region;  or  it  may  follow  the  course  of  the  iliac  vessels  into  the  pelvis,  and,  passinj?  through  the 
^reat  sacro-seiatie  notdi.  disidiarire  itself  on  the  back  of  the  thigh;  or  it  may  open  into  the 
bladder  or  Had  ita  way  into  the  t>eriuieum. 


THE  THIGH. 
Anterior  Femoral  Region. 

Tensor  vagin;e  femoris.  Vastus  ex  tern  us* 

Sartor  ins*  Vastus  internus. 

Rectus.  Crureus. 
Subcnireus. 

Biasection. — ^To  expose  the  muscles  and  faseim  in  this  region,  make  an  incision  along 
Pon I >art's  ligament,  &om  the  anterior  snperir>r  si>ine  of  the  ilinm  to  the  spine  of  the  os  pubis; 
a  vertical  ineision  frt^m  the  centre  of  this,  along  the  mi«hlle  of  the  thigh  to  oelow  the  knee-joint; 
and  a  transverse  incision  from  the  inner  to  the  outer  side  oi'the  leg^  at  the  lower  end  of  the  ver- 
tical incision.     The  flaps  of  integ^ument  having  been  removed,  the  suf^erficial  and  deep  faaciaa 

*  The  Psoas  and  Iliacus  are  sometimes  regarded  as  a  single  muscle,  the  Ttio-pgikis,  having  two 
heads  of  origin  and  a  i^iiigle  insertion. 
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should  be  examined.     The  more  advanced  student  should  commence  the  study  of  this  reffioii  by 
an  exapiination  «>f  the  aimtomy  of  femoral  homia  and  Scarpa's  triangle,  the  incisions  tor  the 
I  diSB©ction  of  whit-h  artj  inurked  out  in  the  figure  heliiw. 

The  Bupertcial  fascia  forms  a  continuous  layer  over  the  whole  of  the  thigh, 
consisting  uf  areolar  tissue,  containing  in  its  ine&hes  much  fat,  and  capable  of 
being  separated  into  two  or  more  layers,  between  which  are  foood  the  superficial 
vessels  and  nerves.  It  varies  in  thickness  in  different  parts  of  the  limb:  in  the 
groin  it  is  thick,  and  the  two  layers  are  separated  from  one  another  by  the  super- 
ficial inguinal  lymphatic  glands,  the  internal  saphenous  vein,  and  several  smaller 
vessels.  One  of  these  two  layers,  the  superficial,  is  continuous  above  with  the 
superficial  taseia  of  the  abdomen.  The  deep  layer  of  the  superficial  fascia  is  a 
very  thin,  fibrous  layer,  best  marked  on  the  inner  side  of  the  long  saphenous  vein 
and  below  Poupart's  ligament.  It  is  placed  beneath  the  subcutaneous  vessels  and 
nerves  and  upon  the  surface  of  the  fascia  lata.  It  is  intimately  adhertmt  to  the 
fascia  lata  a  little  beh)W  Poupart's  ligament.  It  covers  the  sapiienous  opening  in 
the  fascia  lata,  being  closely  united  to  its  circumference,  and  is  connected  to  the 
fiheath  of  the  femoral  vessels,  corresponding  to  its  under  surface.  The  portion  of 
&3cia  covering  this  aperture  is  perforated  by  the  internal  saphenous  vein  and  by 
numerous  blood-  and  lymphatic  vessels  ;   hence  it  has  been  termed  the  i^rihrifonn 

fascia,    the    openings  for  these    vessels  having 
/  been    likened  to    the    holes    in    a    sieve.     The 

^  cribriform   fascia   adheres  closely  both    to    the 

Buperfieial  fascia  and  to  the  fascia  lata,  so  that 
it  is  described  by  some  anatomists  a.s  part  of  the 
fascia  lata,  but  is  usually  considered  (as  in  this 
work)  as  belonging  to  the  superficial  fascia.  It 
is  not  until  the  cribriform  fascia  has  been  cleared 
away  that  the  saphenous  ojietiing  Is  seen,  so  that 
this  opening  does  not  in  ordinary  cases  exist 
naturally,  but  is  the  result  of  dissection.  Mr. 
Cal lender,  however,  speaks  of  cases  in  which, 
jjrobnbly  as  the  result  t»f  pressure  from  enlarged 
inguiujil  lymphatic  glands,  the  fascia  has  become 
atrojtbied,  and  a  sa]dienous  opening  exists  inde- 
pe  n  dc  n  t  of  diss  ec  t  i  on .  A  f  etn  o  r  a  I  h  e  r  n  i  a  i  n  p  ass- 
ing  through  ihe  saphenous  ojtening  receives  the 
cribriform  fascia  as  one  of  its  coverings,  A  large 
subcutaneous  bursa  is  found  in  the  superficial 
fascia  over  the  patella. 

The  deep  fascia  of  the  thigh  is  exposed  on  the 
removal  of  the  superficial  fascia,  and  is  named, 
from  its  great  extent,  the  fa ae id  lata  :  it  forms  a 
oniform  investment  for  the  whole  of  this  region 
of  the  limb,  but  varies  in  thickness  in  diflTcrent 
parts;  thus,  it  is  thicker  in  the  upper  and  outer 
part  of  the  thigh,  where  it  receives  a  fibrous 
expansion  from  the  Gluteus  maxim  us  muscle,  and 
the  Tensor  vagina^  femoris  is  inserted  between  its 
layers :  it  is  very  thin  behind,  and  at  the  upper 
and  inner  part  where  it  covers  the  Adductor 
muscles,  and  again  becomes  strrmger  around  the 
knee,  receiving  fibrous  expansions  from  the 
tendon  of  the  Biceps  externally,  and  from  the 
Sartorius  internally,  and  Quadriceps  extensor 
cruris  in  front.  The  fascia  lata  is  attached,  above  and  behind,  to  the  back  of  the 
fiacrtim  and  coccyx;  externally,  to  the  crest  of  the  ilium;  in  front,  to  Poupart*s 
ligament  and  to  the  body  of  the  os  pubis:  and  internally,  to  the  descending  ramus 
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of  the  oa  pubis,  to  the  ascending  ramus  and 
tuberosity  of  the  ischium,  and  to  the  lower 
border   of    the   great    sacro*8ciatic    ligament.  ^^ 

From  its  attachment  to  the  crest  of  the  ilium  g^ 

it  passes  down  over  the  Gluteus  medius  muscle 
to  the  upper  border  of  the  Gluteus  maxim  us, 
where  it  splits  into  two  lay  em,  one  passing 
superficial  to  and  the  other  beneath  this  muscle. 
At  the  lower  border  of  the  muscle  the  two 
layers  unite.  Externally,  just  below  the  great 
trochanter,  the  fascia  lata  receives  the  greater 
part  of  the  tendon  <jf  insertion  of  the  Gluteus 
maximus,  and  becomes  proportionately  thick- 
ened. The  portion  of  the  fascia  lata  arising 
from  the  front  part  of  the  crest  of  the  ilium, 
corresponding  to  the  origin  of  the  Tensor 
vaginte  femoris,  passes  down  the  outer  side 
of  the  thigh  a^s  two  layers,  one  8uj)erficial 
and  the  other  beneath  tbis  muscle ;  these  at 
its  lowTr  end  become  blended  together  into 
A  thick  and  strong  band,  having  first  received 
the  insertion  of  the  muscle.  This  band  is 
continued  downward,  under  the  name  of  the 
iUo-libial  handy  to  be  inserted  into  die  external 
tuberosity  of  the  tibia.  Below,  the  fascia 
lata  is  aftacbed  to  all  the  prominent  points 
around  tbe  knee-joint — viz.  the  condyles  of 
the  femur,  tuberosities  of  the  tibia,  and  head 
of  the  fibula.  On  each  side  of  the  patella  it  is 
strengthened  by  transverse  fibres  given  off 
from  the  lower  part  of  the  Vasti  muscles, 
which  are  attached  to  and  support  this  bone. 
Of  the.se  the  outer  is  the  stronger,  and  is  con- 
tinuous with  the  ilio-tibial  band.  From  tbe 
inner  surf^ice  of  the  fascia  lata  are  given  off 
two  strong  intermuscular  septa,  which  are 
attached  to  the  whole  length  of  the  linea 
aspera  and  its  prolongations  above  and  below  : 
the  external  and  stronger  one,  which  extends 
from  the  insertion  of  the  Gluteus  maximus  to 
the  outer  condyle,  separates  the  Vastus  ex- 
tern us  in  front  from  the  short  bead  of  the 
Biceps  behind,  and  gives  partial  origin  to  these 
muscles;  the  inner  one,  the  thinner  of  the 
two,  separates  the  Vastus  internus  from  the 
Adductor  and  Pectineus  muscles.  Besides 
these  there  are  numerous  smaller  sej)ta.  sepa- 
rating the  individual  muscles  and  enclosing 
each  in  a  distinct  sheath.  At  the  upper  and 
inner  part  of  the  thigh,  a  little  below  Poupart's 
ligament,  a  large  oval -shaped  aperture  is 
observed  after  tbe  su]*erficial  fascia  has  been 
cleared  off;  it  transmits  the  internal  saphenous 
vein  and  other  smaller  ves.sels,  and  is  termed 
the  mp h e n o uJi  open inff.  In  or d e r  m o re  e o r r ec  1 1  y 
to  consider  the  mode  of  formation  of  tbis 
aperture,   the  fascia  lata  in  this  part  of  tbe  femomiregi^ 
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thigh  is  described  as  consisting  of  two  portions— an  iliac  portion  and  a  pubic 
portion. 

The  iliac  portion  \^  all  that  part  of  the  fascia  lata  on  the  outer  side  of  the 
saphenous  opening.  It  is  attached,  externally,  to  the  crest  of  the  ilium  and 
its  anterior  superior  spine,  to  the  whole  length  of  Pou part's  ligament  as  far 
internally  as  the  spine  of  the  os  pubis,  and  to  the  pectineal  line  in  €oijJunctit»n 
with  Gimbernat*s  Itgament,  Froui  the  spine  of  the  os  pubis  it  is  reHeeted  down- 
ward and  outward,  forming  an  arched  margin,  the  boundary  or  fa!viform  prttress 
(superior  eornu)  of  the  sajdienous  opening:  this  margin  overlies  and  is  adherent 
to  the  anterior  layer  of  the  sbeath  of  the  femoral  vessels:  to  its  edge  is  attached 
the  cribriform  fascia;  and,  below%  it  is  continuous  with  the  pubic  portion  of  the 
fascia  lata. 

The  puhic  portion  iii  situated  at  the  inner  side  of  tiie  sa[ihenous  opening:  at 
the  Inwer  margin  of  this  aperture  it  is  continuous  with  the  iliac  portion:  traced 
upward,  it  covers  the  surface  of  the  Pectineus,  Adducttjr  longus,  and  Gracilis 
Jinuscles,  and.  passing  behind  the  sheath  of  the  femoral  vessels,  to  which  it  is 
closely  united,  is  continuous  with  the  sheath  of  the  Psoas  and  Iliacus  muscles, 
and  is  attached  above  to  the  ilio-pectineal  line,  where  it  becomes  continuous  with 
the  iliac  fa^scia.  From  this  descriptiuu  it  may  be  observed  that  the  iliac  portion 
of  the  fascia  lata  passes  in  front  of  ilic  femoral  vessels,  utid  the  pubic  portion 
behind  them,  so  that  an  apparent  aperture  exists  between  the  two,  through  which 
th  e  i  n  t  e !'  n  al  s  a  ph  en  o  us  j  o  i  n  s  the  fern  o  r al  v  ei  n .  * 

The  firnh  shoiill  now  he  removed  froai  tlie  surfiice  of  thi^  musi-les.     TliJw  may  he  effectetl 
1%  pintVhitiLr  it  up  Iwtweeu  the  forceps,  dividing  it,  aad  j^cparating  it  from  each  mnst'le  in  the 
oarse  of  its  fibrt*s. 

The  Tensor  vaginae  femorls  arises  from  the  anterior  part  of  the  outer  lip  of 
Jthe  crest  of  the  ilium,  and  frotu  the  outer  surface  of  the  anterior  superior  spinous 
jjrocesa,  between  the  Gluteus  luedius  and  Sartorius.  It  is  inserted  into  the  fascia 
lata  abimt  oue-lourtli  down  the  outer  si*le  of  the  thigh.  From  the  point  of  inser- 
tion the  fascia  is  continueil  downwanl  to  the  head  of  the  tibia  as  a  thickened  band, 
the  ilio'tihial  bami, 

Eelations. — By  its  supirjit'itjl  »Hrtaf't\  with  the  fascia  lata  and  the  integument; 
by  its  ifrrp  fturffirr^  with  the  Gluteus  medius.  Rectus  femoris,  Vastus  ex  tern  us, 
and  the  ascending  branches  of  the  external  circumtlex  artery;  by  its  attttrior 
bordi-r,  with  the  Sartorius,  from  which  it  is  separated  below  by  a  triangular  space, 
in  which  is  seen  the  Rectus  femorig  ;  by  its  posterior  border^  with  the  Gluteus 
medius. 

The  Sartorius,  the  longest  muscle  in  the  body,  is  flat,  narrow,  and  ribbon-like; 
it  arises  by  tcmlinous  fibres  from  the  anterior  superior  spinous  process  of  the 
iliutu  atid  the  ujiper  half  of  the  notch  below  it,  passes  obliquely  across  the  upper 
and  anterior  part  of  the  thigh,  from  the  outer  to  the  inner  side  of  the  bud*,  then 
descends  vertically,  as  far  as  tlie  inner  side  of  the  knee,  passing  behind  tlie  inner 
condyle  of  the  femur,  and  terminates  in  a  tendon  which,  curving  oblitpiely 
forward,  ex|>ands  into  a  broad  a|ioneurosis  inserted  into  the  ujiper  part  of  the 
inner  surface  of  the  shaft  nf  the  tibia,  nearly  as  far  forwai^d  as  the  crest.  This 
ex|>ansion  is  iuscrted  into  tho  bone  by  an  inverted  U-shajied  a])oneurosis:  part 
of  it  is  inserted  behind  the  attachment  of  the  Giiicilis  and  Semitendinosus,  and 
another  part,  arching  over  the  upper  border  of  the  tendon  of  the  Gracilis,  is  Inserted 
into  the  tibia  in  front  of  these  muscles.  An  offset  is  derived  from  the  upper  margin 
of  this  aponeurosis,  which  blends  with  the  fibrous  capsule  of  tlie  knee-joint,  and 
another,  given  off  from  its  lower  border,  blends  with  the  fascia  on  the  inner  side 
of  the  leg. 

The  relations  of  this  muscle  to  the  femoral  artery  should  be  carefully  examined, 
as  it  constitutes  the  chief  guide  in  tying  the  artery.  In  the  upper  third  of  the 
thigh  it  forms  the  outer  side  of  a  triangular  space,  Scarpa  a  triangle,  the  inner 

'  Tl:ie«?  parts  will  be  ngiiio  more  particularly  descnbed  with  the  anatomy  of  Hernia. 
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side  of  which  is  formed  by  the  Adductor  longus,  and  the  base,  turned  upward, 
by  Pouparts  ligament;  the  femoral  artery  passes  perpendicularly  through  the 
middle  of  this  space  from  its  base  to  its  apex.  In  the  middle  third  of  the 
thigh  the  femoral  artery  lies  first  along  the  inner  border,  and  then  behind  the 
Sartorius, 

Relations. — By  \Xb  miperfieial  surface,  with  the  faseia  lata  and  integument; 
by  its  deep  surfaci-^  with  the  Rectus*  Iliacus,  Psoas,  Vastus  internus,  anterior 
crural  nerve,  sheath  of  the  femoral  vessels,  Adductor  longus.  Adductor  magnus, 
Orucilis,  Semitendinosus,  long  saphenous  nerve,  and  internal  lateral  ligament  of 
tlie  knee-joint. 

The  QEadricepa  extensor  includes  the  four  remaining  muscles  on  the  front  of 
the  thigh.  It  is  the  great  Extensor  muscle  of  the  leg,  forming  a  large  fleshy 
mass  which  covers  the  front  and  sides  of  the  femur,  being  united  below  into  a 
single  tendon,  attached  to  the  patella,  and  above  subdivided  into  separate  por- 
tions, which  have  received  distinct  names.  Of  these,  one  occupying  the  middle 
of  the  thigh,  connected  above  with  the  ilium,  is  called  the  Mecfmfemoriii,  from  its 
straight  course.  The  other  divisions  lie  in  immediate  connection  with  the  shaft 
of  the  femur,  which  they  cover  from  the  trochanters  to  the  condyles.  The  portion 
on  the  outer  side  of  the  femur  is  teraied  the  J^utits  ei-ternus  ;  that  covering  the 
inner  side,  the  l^jstns  internuH  ;  and  that  covering  the  front  of  the  femur,  the 
Orurem.  The  two  latter  portions  are,  however,  so  intimately  blended  as  to  form 
but  one  muscle. 

The  Rectus  femoris  is  situated  in  the  middle  of  the  anterior  region  of  the 
thigh :  it  is  fusiform  in  shape^  and  its  superficial  fibres  are  arranged  in  a  bipenni- 
form  manner,  the  deep  fibres  running  straight  down  to  the  deep  aponeurosis.  It 
arises  by  two  tendons:  one  the  straight  tendon,  or  short  head,  from  the  anterior 
inferior  sjiinous  process  of  the  ilium;  the  other  is  flattened,  and  curves  outward, 
to  be  attached  to  a  groove  above  the  brim  of  the  acetabulum;  this  is  the  retlected 
tendon^  or  long  head,  of  the  Rectus ;  it  unites  with  the  straight  tendon  at  an 
acute  angle,  and  then  spreads  int.o  an  aponeurosis,  from  which  the  muscular 
fibres  arise.^  The  muscle  terminates  in  a  broad  and  thick  aponeurosis  which 
occupies  the  lower  two-thirds  of  its  po8lej*ior  surface,  and.  gradually  becoming 
narrowed  into  a  flattened  tendon,  is  inserted  into  the  patella  in  common  with  the 
Yasti  and  Crureus. 

Relations, — By  its  guperfi^'ial  !<urf(Tee,  with  the  anterior  fibres  c»f  the  Glnteusi 
minimus,  the  Tensor  vaginae  femoris,  the  Sartorius,  and  the  Psoas  and  Iliacus;  by 
its  lower  three-fourths,  with  the  fascia  lata ;  by  its  posterior  gurfnce^  with  the 
hip-joint,  the  external  circumflex  vessels,  and  the  Crureus  and  Vasti  muscles. 

The  three  remaining  muscles  have  been  described  collectively  by  some  anat* 
omists,  .^^eparate  from  the  Rectus,  under  the  name  of  the  Triceps  extensor  cruris* 

The  Vastus  extemus  is  the  largest  part  of  the  Quadriceps  extensor.  It  arises 
by  a  broad  aponeurosis,  which  is  attached  to  the  tubercle  of  the  femur^  to  the 
anterior  and  inferior  borders  of  the  great  trochanter,  to  a  rough  line  leading  from 
the  trochanter  major  to  the  linea  aspera,  and  to  the  outer  lip  of  the  linca  aspera : 
this  aponeurosis  covers  the  upper  three-fiHirths  of  the  muscle,  and  from  its  inner 
surface  many  fibres  arise,  A  few  additional  fibres  arise  from  the  tendon  of  the 
Gluteus  maximus  and  from  the  external  intennuscular  se|*tum  between  the  Vastus 
externus  and  short  head  of  the  Biceps,  The  fibres  form  a  large  fleshy  mass  which 
is  attached  to  a  strong  aponeurosis,  placed  on  the  under  surface  of  the  muscle  at 
its  lower  part :  this  becomes  contracted  and  thickened  into  a  flat  tendon,  which  is 
inserted  into  the  outer  border  of  the  patella,  blending  with  the  great  extt^nsor 
tendon. 


*  Mr.  W.  R.  Williams,  in  an  int^re^^tinf?  pnper  in  the  Journ.  of  Awtt.  nwi  Ph}fs.,  vol  xiii.  p.  204^,1 
points  out    that   the    retleeled   tendon   i»   iht^    real   origin    of    the    miiHck%   antl    jh  alone  ^  present ' 
in   early  fa'tJtl    life.     The   direct   tendon  is   merely  vm  accessory  band  of  condiensed    faeoiji*    The 
[ini^r  will  well    repay  |>ern^l,  though  in  some  purticnlju^    I  think   tlLe  description    in  the  text 
taore  generally  accurate. — Ed. 
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Belations.- — By  its  superfieial  mirfa^je^  with  the  RectiiB,  the  Tensor  vagin» 
femoris,  the  fascia  lata»  and  the  Gluteus  maxiraus,  from  which  it  is  separated  by 
a  synovial  hiirsa  ;  hy  ity  deep  surface,  with  the  Crure«s,  some  large  bninehes  of 
the  external  eirenmHex  artery  and  anterior  crural  nerve  being  interposed. 

1'lie  Vastus  intemus  and  Cmreua  are  m  inse[)arably  connected  togetlier  as  to 
form  but  **ne  muscle,  as  which  it  wiJl  be  accordingly  described*  It  is  die  smallest 
portion  of  the  Qinidriceiis  extensor.  The  anterior  portion  of  it,  covered  hy  the 
Rectus,  is  called  the  Crureus;  the  internal  portion,  which  lies  immediately 
beneath  the  fascia  lata,  the  Vastus  internus.  It  arises  by  an  aponeurosis,  which 
is  attaelied  to  the  lower  jiart  of  the  line  that  extends  from  the  inner  side  of  the 
neck  of  the  femur  to  the  linea  aspera,  from  the  inner  lip  of  the  linea  aspera, 
from  the  ridge  leading  from  the  linea  aspera  to  the  internal  condyle  and  internal 
intermuscular  sejitiinK  It  also  arises  from  nearly  the  whole  of  the  interna!, 
anterior,  and  external  surfaces  of  the  shaft  of  the  femur,  limited,  above,  by  the  line 
between  the  two  trochanters,  and  extending*  below,  to  within  the  lower  ffmrth  of 
the  bone.  From  these  different  origins  the  fibres  converge  to  a  broad  aponeurosis 
which  covers  the  anterior  surface  of  the  middle  portion  of  the  moscle  (the  Crureus) 
and  tlie  deep  surface  of  the  inner  division  of  thetnuscle  (the  Vastus  internus),  and 
which  gradually  narrows  down  to  its  insertion  into  the  patella,  where  it  blentls  with 
the  other  portions  of  the  Quadriceps  extensor.  The  muscular  fibres  of  the  Vastus 
internns  extend  lower  down  than  those  of  the  Vastus  externus,  so  that  the  capsule 
of  the  joint  is  less  covered  with  muscular  fibres  on  the  outer  than  on  the  inner 
side. 

Relations. — By  its  Hnperficial  surface,  with  the  Psoas  and  IHacus,  the  Rectus, 
Sartorius,  Fectineus,  Adductors,  and  fascia  lata,  femoral  vessels,  and  saphenous 
nerve ;  by  its  deep  fiurfdet\  with  the  femur,  8  u  hern  re  us,  and  synovial  mendirane 
of  the  knee-j(unt. 

The  student  will  ohserve  the  striking  analogy  that  exists  between  the  Quadri- 
ceps extensor  and  the  Triceps  muscle  in  the  upper  extremity.  80  close  is  this 
similarity  that  iL  C^ruveilhier  has  described  it  under  the  name  of  the  Tneeptt 
foiHoraik.  Like  the  Triceps  extensor  cubiti,  it  consists  of  three  distinct  divisions, 
or  beads:  a  mitldle  or  long  head,  the  Rectus,  analogous  to  the  long  head  of  the 
Triceps,  attached  to  the  ilium,  and  two  other  jjortions,  which  may  be  called  the 
external  and  internal  heads  of  the  Triceps  femoralis.  These,  it  will  be  noticed, 
are  strictly  anah^gous  to  the  outer  and  inner  heads  of  the  Trice[»s  in  the  arm. 

The  hmhina  of  the  different  portions  of  the  Quadriceps  extensor  unite  at  the 
lower  part  of  the  thigh,  so  as  to  form  a  single  strong  tendon  which  is  inserted 
into  the  upper  part  of  the  patella.  More  properly,  the  patella  maybe  regarded  as 
a  sesamoid  lione,  developed  in  the  tendon  of  the  (Quadriceps,  and  the  ligament um 
pat  ell  le,  which  is  continued  from  the  lower  part  of  the  patella  to  the  tuberosity  of 
the  tibia,  as  the  proper  tendon  of  insertion  of  the  muscle.  A  synovial  bursa,  the 
poaf^pafeHar  hursa,  is  interposed  between  the  tendon  and  the  up]>er  ]>art  of  the 
tuberosity  of  the  tibia;  and  another,  the  prepatdhr  ifurm,  is  jjlaced  over  the 
patella  itself.  This  latter  bursa  often  bec^jtnes  enlarged,  constituting  *'  housemaid's 
knee/' 

The  Subcrareus  is  a  small  muscle,  usually  distinct  from  the  Crureus,  but  occa- 
sionally blended  with  it,  which  arises  from  the  anterior  surface  of  tlie  lower  part 
of  the  shaft  of  the  femur,  and  is  inserted  into  the  u[iper  jmrt  of  the  enl'de-Mtr  cif 
the  capsular  ligament  which  projects  upward  beneath  the  Quadriceps  for  a  variable 
distance.     It  sometimes  consists  of  two  separate  muscular  bundles. 

Nerves. — The  Tensor  vagina?  femoris  is  supplied  by  the  superior  gluteal  nerve  ; 
the  other  muscles  of  this  region  by  branches  from  the  anterior  crural. 

Actions.— The  Tensor  vaginie  femoris  is  a  tensor  of  the  fascia  lata;  continuing 
its  action,  the  obliijue  direction  of  its  fibres  enables  it  to  abduct  and  to  rotate  the 
thigh  inward.  In  the  erect  posture,  acting  from  below,  it  will  serve  to  steady  the 
pelvis  upon  the  head  of  the  femur,  and  hy  means  of  the  ilio-tihial  band  it  steadies 
the  condyles  of  the  femur  on   the  artictdar  surfaces  of  the   tibia,  and  assists  the 
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Gluteus  maximus  in  supporting  the  knee  in  the  extended  position.     TheSartorius 

flexes  the  leg   upon  the   thigh,  ?ind,  enutiniiing  to  act,  flexes  the   thigh  upon   the 

pelvis:  it  next  rotates  ihe  thigh  outward,      Ir  wa.«?  former  Iv  supposed  to  adduct  the 

thigh.  80  as  to  cross  one  leg  over  the  other,  and  lience  received  its  name  of  ^!>artorius, 

or  tailor's  inuscit;  (sartot\  a  tailor),  because  it  was  supposed  to  assist  in  crossing  the 

"legs  in  the  squatting  position.      When  the  knee  is  bent   the  Sartorius  assists  the 

iSemitendinosus*  Semimeirihranosus,  and   Pofjliteiis  in   rotating  tbe   tibia   inward* 

tTaking  its  flxed  point  from  tbe  leg,  it  flexes  tbe  pelvis  upon  the  thigh,  and,  if  one 

luscle  acts,  assists  in  rotating  tbe  pelvis.     The  Quadriceps  extensor  extt-nds  the 

leg  ii}Ton  the  thigh.     Taking  its  fixed  point  from  the  leg,  as  in  standing,  this  muscle 

will  act  upon  the  femur,  sup[>orting  it  perpendicularlv  upon  the  bead  of  tbe  tibia, 

and  thus  maintaining  the  entire  weight  of  the  body,  or  in  the  stooping  position  it 

will  straighten  tlie   knee,  and   therefore   assist  the  trunk  in  rising   into  the  erect 

^position.     Tbe  Rectus  muscle  assists  the  Psoas  and  Eiacus  in  supporting  the  pel- 

fvis  and  trunk  upon  the  femur  or  in  bending  it  forward. 

Surgical  Anatomy. — A  tew  fibres  of  the  Rettus  mus*4e  are  liable  to  be  ruptured  from 
severe  stniiiu  This  accident  is  especially  liable  to  occwr  diiriug  the  camesof  tbotbiill  imd  cricket, 
and  is  sometimes  kn<>wrj  as  *  cricket  thigh, ''  The  patient  experu^eeeis  a  sudden  pain  in  the  part. 
as  if  he  bad  been  struck,  atid  the  Rectus  muscle  stands  ifiU  and  is  felt  to  be  tease  and  rigid.  The 
accident  is  often  followed  by  ennsiderable  swelling  from  infiammaton'  etfnsion.  Oocasionally  the 
Quadriceps  extensor  may  te  lorn  away  from  its  insertion  int(j  ihe  patella,  or  the  tendon  oi  tbe 
patella  may  be  niptiirtMl  about  an  inch  above  the  Injne,  l\h  aixident  is  caused  in  the  same 
manner  as  fracture  of  the  [uitella  by  miitkMihu'  action  is  prwluctd — viz.  by  a  violent  muscular 
effort  to  prevent  fallinitr  whilst  tiie  knee  is  in  a  position  of  Heniiflexion.  A  distinct  pap  can  Ije 
felt  above  the  patella,  and»  owing  to  the  retraction  of  the  inuseukr  tibres,  union  may  fad  to  take 
place. 

Internal  Femoral  Region. 

Gracilis.  Adductor  longus. 

Pectineus.  Adductor  brevis. 

Adductor  magnus. 

Dissection. — These  muscles  are  at  once  exposed  by  removing  the  fas<?ia  from  tlie  fore  part- 
and  inner  Hide  of  the  thigh.  The  limb  should  be  alxlueted,  so  as  to  render  the  muscles  tense 
and  easier  of  disneetion* 

The  Gracilis  (Figs.  326,  329)  is  the  most  superficial  niusele  on  tbe  inner  side 
of  the  thigh.  It  is  thin  and  flattened,  broad  above,  narrow  and  tapering  below. 
If  arises  by  a  tliin  aponeurosis,  between  two  and  tliree  inclies  iti  breadth,  from  the 
lower  half  of  the  margin  of  the  Byin|ihysia  and  the  inner  uiargin  of  the  descending 
ramus  of  the  os  pubis.  The  fibres  pass  vertically  downward,  and  terniinate  in  a 
rounded  tendon  which  passes  behntd  the  internal  crmdyle  of  tbe  femur,  and* 
curving  round  tbe  inner  tuberosity  of  the  tibia,  beeonies  flattened,  and  is  inserted 
into  tbe  up[ier  part  of  the  inner  surface  of  tbe  shaft  of  tbe  tibia.  beb»w  the  tuber- 
osity. The  tendr>n  of  this  muscle  is  situated  immediately  above  that  of  the 
Semitendinosus»  and  is  surrounded  by  tbe  tendon  <if  the  iSartoriys,  with  which  it  is 
in  part  blended.  As  it  passes  across  the  internal  lateral  ligament  of  the  knee-joint 
it  is  separated  from  it  by  a  synovial  bursa  common  to  it  and  tbe  Semitendinosus 
muscle. 

Eelations.— By  its  superficial  surface,  with  the  fascia  lata  and  the  Sartorius 
below  :  tbe  internal  saphenous  vein  crosses  it  obliquely  near  its  lower  part,  lying 
superficial  to  the  fascia  lata ;  tbe  internal  saphenous  nerve  emerges  between  its 
tendon  and  that  of  tbe  Sartorius  ;  h\  iX^deep  surfare,  with  tbe  Adductor  brevis  and 
the  Adductor  magnus  and  the  internal  lateral  ligament  of  the  knee-joint. 

The  Pectineus  (Fig.  326)  is  a  flat,  ^juadrangular  muscle  situated  at  the  anterior 
rpart  of  the  upper  and  inner  aspect  of  the  thigh.  It  arises  from  tbe  linea  ilio- 
pectinea,  from  the  surface  of  the  bone  in  front  of  it  between  tbe  pectineal  eminence 
and  spine  of  the  os  pubis,  and  from  tbe  fascia  covering  tbe  anterior  surface  of  the 
muscle;  the  fibres  pass  downward,  backward,  and  outward,  to  be  inserted  into  a 
rough  line  leading  frrun  tbe  lesser  trochanter  to   tbe  linea  aspera. 

RelatioiiB. — By  its  anterior  surface^  with  the   pubic   portion  of  the  fascia  lata, 
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which  separates  it  from  the  femoral  vessels  aod  internal  saphenous  vein ;   by  its 
posterior  surface^  with  the  capsular  ligament  of  the  hip-joint,  the  Adductor  hrevis 

and  Obturator  ex  tern  us  muscles,  the  obtura- 
tor vessels  and  nerve  being  interposed  ;  by 
its  outer  border^  with  the  Psoas,  a  cellular 
interval  separating  them,  through  which 
passes  the  internal  circumflex  vessels;  by 
its  inner  border,  with  the  margin  of  the 
Adductor  longus. 

The  Adductor  longns^  the  most  super- 
ficial of  the  three  Adductors,  is  a  flat  tri- 
angular muscle  lying  on  the  same  plane  as 
the  Pectineus.  It  arises,  by  a  flat  narrow 
tendon,  from  the  front  of  the  os  pubis,  at 
the  angle  of  junction  of  the  crest  with  the 
symphysis ;  and  soon  expands  into  a  broad 
^^t'l  fleshy  belly,  which,  passing  downward,  back- 
ward, and  outward,  is  inserted,  by  an  apo- 
neurosis, into  the  linea  aspera,  between  the 
Vastus  inteiTiUR  and  the  Adductor  ma  gnus, 
with  wliich  it  is  tisually  blended. 

Relations. — By  its  anterhr  »urfae(\  with 
the  fascia  lata,  the  Sartorius,  and,  near  its 
insertion,  with  the  femoral  artery  and 
vein ;  by  its  post*:rhr  surface,  with  the 
Adductor  hrevis  and  magnus,  the  anterior 
branches  cif  the  obturator  nerve,  and  with 
the  profunda  artery  and  vein  near  its  inser- 
tion ;  by  its  outer  border^  with  the  Pecti- 
neus; by  its  inner  border^  with  the  Gracilis. 


-isas*^ 


I'tmu 


The  Pectineus  and  Adductor  longus  should 
now  be  divided  near  their  origin,  and  tumeil  di>wti- 
ward,  wlurn  tbe  AddiR^tor  hrevis  nnd  Obturator  ex- 
teruua  will  l>c  «xjH>scd. 


The  Adductor  brevis  is  situated  im- 
mediately hehin<l  the  two  preceding  mus- 
cles. It  is  somewhat  triangular  in  ff>rm, 
and  arises  by  a  narrow  origin  from  the 
outer  surface  of  the  body  and  descending 
ramus  of  the  os  pubis,  between  the  Uracilis 
and  Obturator  externus.  Its  fibres,  passing 
backward,  outward,  and  downward,  are  in- 
serted, by  an  apodcuronis,  into  the  lower 
part  of  the  line  leailing  from  the  lesser 
trochanter  to  the  linea  as[)era  and  the  uyvper 
part  of  the  linea  aspera,  immediately  behind 
the  Pectineus  and  upjier  part  of  the  Adduc- 
tor longus. 

Relations.— By  its  anterior  surfaee,  with 
the  Pectineus,    Addttctor  longus,   profunda 
femoris  artery,   and    anterior   branches    of 
the  obturator  nerve ;    by  its  pmtrrior  sur* 
Fio.827.— necpmti8rie*nfrheJiit«?rfiftifemof»i  face.    With     the    AdductoT     majinus     and 
region.  *  .         ,  *        ,.     i  i  ^ 

posterior    branch    of    the  obturator    nerve; 

by  its  outer  border,  with  the  Obturator  externus  and  conjoined  tendon  of  the 
Psoas  and  Iliacus;  by  its  inner  border^  with  the  Gracilis  and  Adductor  magnus. 
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This  muscle  is  pierced,  near  its  insertion,  by  the  middle  perforating  branch  of 
the  profunda  femoris  artery. 

Tlie  Adductor  brevb  should  now  be  cut  away  near  its  origin,  and  turned  outward,  wbeo  ' 
the  entire  extent  of  the  Adductor  magnus  will  be  exposed. 

The  Adductor  magnus  is  a  large  triangular  muscle  forming  a  septum  between 
the  muscles  on  the  inner  and  those  on  the  back  of  the  thigh.  It  arises  from  a 
small  part  of  the  descending  ramus  of  the  os  pnbis,  from  the  ascending  ramus  j 
of  the  ischium,  and  from  the  outer  margin  and  under  surface  of  the  tuberosity 
of  the  ischium*  Those  fibres  which  arise  from  the  ramus  of  the  os  pubis 
are  very  short,  horizontal  in  direction,  and  are  inserted  into  the  rough  line 
leading  from  the  great  trochanter  to  the  linea  aspera,  internal  to  the  Gluteus 
inaximus;  those  from  the  ramus  of  the  isebium  are  directed  downward  and 
outward  with  different  degrees  of  obliquity,  to  be  inserted,  by  means  of  a  broad 
aponeurosis,  into  the  linea  a*spera  and  the  upper  part  of  its  internal  prolonga- 
tion below.  The  internal  portion  of  the  muscle,  consisting  principally  of  those 
fibres  which  arise  from  the  tuberosity  of  the  ischium,  forms  a  thick  fleshy  mass  | 
consisting  of  coarse  bundles  w^hicb  descend  almost  vertically,  and  terminate  about 
the  lower  third  of  the  thigh  in  a  rounded  tendon,  which  is  inserted  into  the 
Adductor  tubercle  on  the  inner  condyle  of  the  femur,  being  connected  by  a  fibrous  > 
expansion  to  the  line  leading  upward  from  the  tubercle  to  the  linea  aspet^a. 
Between  the  two  portions  of  the  muscle  an  interval  is  left,  tendinous  in  front, 
fleshy  behind,  for  the  passage  of  the  femoral  vessels  into  the  popliteal  sjmce.  The 
external  portion  of  the  muscle  at  its  attachment  to  the  femur  presents  three  or  four 
csseo-apon  euro  tic  openings,  formed  by  tendinous  arches  attached  to  the  hone,  from 
which  muscular  fibres  arise.  The  three  superior  of  these  aj>ertiires  are  for  the 
three  perforating  arteries,  and  the  fourth,  when  it  exists,  for  the  terminal  branch 
of  the  profunda. 

Eelations.— By  its  anterior  mirfave^  with  the  Pectineus,  Adductor  brevis. 
Adductor  longus,  and  the  femoral  and  profunda  vessels  and  oliturator  nerve;  by 
its  posterior  8urfaee\  with  the  grrat  sciatic  nerve,  the  Oluteiis  maximus.  Biceps, 
Semitendinosus,  and  Semimembranosus.  By  its  sitperior  or  shortest  bonier  it  lies 
parallel  with  the  Quadratus  femoris,  the  internal  circumflex  artery  passing  between 
them  ;  by  its  ifitenHil  or  lofif/eHt  border,  with  the  Gracilis,  Sartorius,  and  fascia 
lata ;  by  its  exttrnal  or  attaeheJ  border  it  is  inserted  into  the  femur  behind  the 
Adductor  brevis  and  Adductor  longus,  which  separate  it  from  the  Vastus  internua, 
and  in  front  of  tlie  Gluteus  maximus  and  short  bead  of  the  Biceps,  which  separate 
it  from  the  Vastus  externus. 

Nerves* — All  the  muscles  of  this  grotip  are  supplied  by  the  obturator  nerve. 
The  Pectineus  receives  additional  Iiranches  from  the  accessory  obturator  and  ante- 
rior crural,  and  the  Adductor  magnus  an  additirmal  branch  from  the  great  sciatic. 

ActioEB. — The  Pectineus  and  three  Adductors  adduct  the  thigh  powerfully : 
they  are  especially  used  in  horse  exercise,  the  flanks  of  the  horse  being  gras]>ed 
between  the  knees  by  the  actions  of  these  muscles.  In  consequence  of  the  oblirjuity 
of  their  insertion  into  the  linea  as^iera  they  rotate  the  thigh  outvvaid,  assisting 
the  external  Rotators,  and  when  the  limb  has  been  abducted  they  draw  it  inward, 
carrying  the  thigh  across  that  of  the  op|)oaite  side.  The  Pectineus  and  Adductor 
brevis  and  longus  assist  the  Psoas  and  Iliacus  in  flexing  the  thigh  u|ion  the  vielvis. 
In  progression,  also,  all  these  muscles  assist  in  drawing  forward  the  hinder  limb. 
The  Gracilis  assists  the  Sartorius  in  flexing  the  leg  and  rotating  it  inward;  it  is 
also  an  adductor  of  the  thigh.  If  the  lower  extremities  are  fixed,  these  muscles 
may  take  their  fixed  point  from  below  and  act  upon  the  pelvis,  serving  to  maintain 
the  body  in  an  erect  posture,  or,  if  their  action  is  continued,  to  flex  the  pelvis 
forward  upon  the  femur. 

Surgical  Anatomy. — The  Adductor  longus  is  liable  to  be  severely  strained  in  those 
who  ride  mu^h  ou  horseback,  or  its  tendon  to  \m  ruptured  by  suddenly  ^mi>p in ^M he  s;id die. 
And,  occasionally,  espeeiaUy  iu  cavalry  soldiur^  the  tendon  may  Become  ossifleai  constituting  the 
*^ rider's  bone.^^ 
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J.  Dimeciion  of 
gluteal  region. 


THE  HIP. 

Gluteal  Region, 

Gluteus  maxim  us.  Gemellus  superior. 

Gluteus  mediiis.  Obturator  internum. 

Gluteus  niiuiraus.  Gemellus  inferior, 

Pyriformis.  Obturator  externus. 

Q u ad r a  t  us  fv m o v i s . 

Dissection  (FiK.  328 ),^The  subject  .should  be  tiimed  on  its  face,  ii  bk>ck  placed  be neiUh 
tbe  pelvis  to  miike  the  buttocks  tense,  and  the  liuibs  allowed  to  hania:  over  the  end  of  the  tablei 
with  the  foot  inverted  und  the  thijcrh  abducted.  I^Iako  an  incision  through  the  integument  along 
the  crest  of  the  ilium  to  the  middle  of  the  siienim,  and  thence  downward  to  the  tip  of  the  coccyx, 
and  earr>^  a  second  incision  from  that  point  obhciuely  downwartl  and  oiUward  to  the  outer  aide 
of  the  thigh,  four  inches  below  the  great  trochanter  The  portion  of  integument  included 
between  these  Jaeisions  is  to  be  removed  in  the  direction  shown  m  the  figure. 

The  Qluteus  maximus  (Fig.  329),  the  most  superficial  muscle  in  the  gluteal 
region,  is  a  very  broad  an<l  thick,  flesbv  mass  of  a  quadrilateral  shape,  which 
forms  the  prominence  of  the  nates.  Its  large  size  is  one  of  the  most  characteristic 
points  in  the  muscular  system  in  man,  connected  as  it  is  with  tbe  power  he  has  of 
maintaining  tbe  trunk  in  the  erect  posture.  In  structtire  tbe  muscle  is  remarkably 
coarse,  being  made  up  of  muscular  fasciculi  lying  parallel   with  one  another,  and 

collected  together  into  large  bundles,  separated 
by  deep  cellular  intervals.  It  arises  from  the 
superior  gluteal  Hue  nf  tbe  ilium  and  the  por- 
tion trf  bone,  including  the  crest,  immediately 
behind  it ;  from  the  posterior  surface  of  the  lower 
part  of  tbe  sacrum,  the  side  of  the  coccyx,  the 
aponetnxisis  of  the  Erector  spina^  muscle,  and 
the  great  sacro-sciatic  ligament.  The  fibres 
are  directed  obliquely  downward  and  outward ; 
those  forming  the  upper  together  with  the 
superfieifil  fibres  of  the  lower  portion  termi- 
nate in  a  thick  tendinous  lamina,  which  passes 
across  the  great  trochanter,  and  is  inserted  into 
the  fascia  lata  covering  the  outer  side  of  tbe 
thigh,  the  ih'ep  fibres  of  the  lower  portion  be- 
ing inserted  by  a  tendon  into  the  rough  line 
leading  from  the  great  trochanter  to  the  linea 
aspera  between  the  Vastus  externus  and  Ad- 
ductor magnus. 

Three  mptmnal  fmrsct  are  usually  found  in 
relation  with  this  muscle.  One  of  these,  of 
large  size,  and  generally  multilocuhii%  separates 
it  from  the  great  trochanter,  A  second^  often 
wanting,  is  situated  on  the  tuberosity  of  the 
ischium.  A  third  is  found  between  the  tendon 
of  this  muscle  and  the  Vastus  externus, 

Belations,^ — By  its  super fiekil  aurfaee,  with 
a  thin  fascia,  which  separates  it  from  the  sub- 
cutaneous tissue ;  by  its  deep  siirfaf^e^  from 
above  downward,  with  the  ilium,  sacrum,  coccyx, 
and  great  sacro-sciatic  ligament,  pact  of  the 
Gluteus  medius,  Pyriformis,  Gemelli,  Obturator 
internus,  Quadratus  femoris,  the  tuberosity  of 
tlie  ischium,  great  trochanter,  the  origin  of  the 
B  i  ce  ps,  S  em  i  t  en  d  i  n  os  us,  S  em  i  m  etn  h  ran  osus^ 
The  gluteal  vessels  and  superior  gluteal  nerve 


3     ^13.  Back  of  thigL 


^  I  A?,  Popliteal  space. 


4^  Back  of  leg. 


S   \  S,  Sole  of  foot. 


Tvh  33».— Dijjiectton  of  lower  eitrenitty, 
PuBteriur  vJew. 


and  Adductor  magnus  muscles. 


are  seen  issuing  from   the  pelvis  above  the  Pyriformis  muscle,  the  sciatic  and 
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internal  pudic  vesels  and  nerves, 
aurl  mysciiltir  bmnches  from  the 
sacral  plexus  below  it.  Its  up- 
per border  is  eoimected  with  the 
Gluteus  medius  by  the  fascia 
lata  ;  its  hwer  border  is  free  and 
prominent 

Dissection. ^Now  divide  the  Glu- 
teus tuaxiiiuiH  near  its  origin  by  a  ver- 
tieal  incisiiui  ciirrieil  froiu  iu  upi^ver  to 
its  lower  bmler;  a  cullular  interval 
will  be  exiJostMb  scparatiug  k  from 
the  GluU'Us  mediu.^  aud  ExttTnal 
rotator  uni.s(4es  lj<itieath.  The  iifjper 
portion  of  the  raust^e  i»  to  be  alto- 
fe^ether  <letached,  and  the  lower  i3<>rtion 
tamed  oijitwurd ;  the  hmse  areolar 
tissue  filling  up  the  interspace  be- 
tween die  troebanter  inaj<tr  and  tulier- 
osity  of  the  iaehium  Ix'inj^  removed^ 
the  parts  already  cniiujei-ateil  as  ex- 
ponea  by  the  removal  of  this  tuuijcle 
will  be  seen. 

The  Gluteus  medius  is  a 
broad,  thick,  radiated  muscle, 
situatefi  on  the  outer  surface  t\( 
the  pelvis.  Its  |)osterior  third  is 
CO ve re d  b y  t he  G 1  u te 1 1 s  ma x i m u s  ; 
its  anterior  two-thirds  by  the 
fascia  lata,  which  separates  it 
from  the  inte^uineiit.  It  arises 
from  the  outer  surface  of  the 
ilium,  between  the  superior  and 
middle  gluteal  lines,  and  from 
the  outer  lip  of  that  portion  of 
the  crest  which  is  between  them ; 
it  also  arises  from  the  dense 
fascia  ((jiuteal  aponeurosis)  cover- 
ing its  outer  surface.  The  fibres 
converge  to  a  strong  flattened 
tendon  which  is  inserted  into  the 
oblique  line  which  traverses  the 
outer  surface  of  the  threat  tro- 
ch ante r ,  A  sy n f * v i a  1  b u r sa  s e pa* 
rates  the  teutlon  of  the  muscle 
from  the  surface  ftf  the  trochanter 
in  front  of  it.s  insertion, 

Relations.^By  its  mperfi''ml 

»nrftiff\  with    the  <ThiteiiH  maxi-  gii*cili« 

mus  behind,  the  Tensor  vaginte  scmitcndinosms. 

- 
femoris  and  deep  fascia  in  front;       »eii«imemowa- 

by    its    deep   surfaee,    with     the  "o*^*- 

Gluteus  minimus  and  the  gluteal 

vessels  and  sujierior  gluteal  nerve. 

Its    anterior    border    is     blended 

with  the   Gluteus  minimus.      Its 

poster  lor  border  lies  piirallel  with 

the  Pyriformis,  the  gluteal    ves-  1^  J^    nn.u.  ./\ 

sels  intervening.  f,q,  a29,— muhcIcs  of  the  iiip and  tiiigii. 
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This  mixacle  should  ngw  be  divided  near  Ite  umertioo  and  turned  upward,  when  the  Gluteus 
minimus  will  be  expos<*d. 

The  Gluteus  minimus,  the  smallest  of  the  three  Glutei,  is  placed  leimediately 
beneath  the  preceding.  It  is  fan-shaped,  arising  from  the  outer  surface  of  the 
ilium,  between  the  middle  and  inferior  gluteal  lines,  and  behind,  fiom  the  margin 
of  the  great  saenvseiatic  notch;  the  fibres  converge  to  the  deep  surface  of  a 
radiated  aponcnrosi.s,  \\hich,  tenuinating  in  a  tendon,  is  inserted  into  an  impres- 
sion on  the  anterior  border  <d*  the  great  trochanter.  A  synovial  bursa  is  inter- 
posed between  the  tendon  and  the  great  trochanter, 

EelatiouB , — By  its  ^  upe rfic ta I  * urfa ce^  with  th e  G 1  ut  eu s  m ed i  us ,  and  t h  e  gl  u t eal 
vessels  m\A  superior  gluteal  nerve  ;  bj  its  deep  aurfave,  with  the  ilium,  the  reflected 
tendon  of  the  Rectus  femoris,  and  capsular  ligament  of  the  hip-joint.  Its  anterior 
margin  is  blended  with  the  Gluteus  mediu8  ;  i\b  posterior  margin  is  often  joined 
with  the  tendon  of  the  Pyriformis, 

The  Pyrifomiis  is  a  flat  muscle,  pyramidal  in  shape,  lying  almost  parallel  with 
the  posterior  margin  of  the  Gluteus  medius.  It  is  situated  partly  within  the  pelvis 
at  its  posterior  part  anil  partly  at  the  back  of  the  hip-joint,  It  arises  from  the 
front  of  the  sacrum  by  three  fleshy  digitations  attached  to  the  j portions  of  bone 
between  the  first,  second,  third,  and  fourth  anterior  sacral  foramina,  and  also  from 
the  groove  leading  from  the  iliraniina  :  a  few  fibres  also  arise  from  the  margin  of 
the  great  sacro-sciatic  foramen  ami  from  the  anterior  surface  of  the  great  sacro- 
sciatic  ligament.  The  muscle  passes  out  of  the  pelvis  through  the  great  sacro- 
sciatic  foramen,  the  upper  part  of  which  it  fills,  and  is  inserted  by  a  rounde«l 
tendon  into  the  upper  border  of  the  great  trochanter,  behind,  but  often  blended 
with,  the  tendon  of  the  Obturator  internus  and  Gemelli  musclea. 

Eelations. — Ey  its  anterior  »urfaci\  witkifi  the  peiviM^  with  the  Rectum  (espe- 
cially on  the  left  side),  the  sacral  plexus  of  nerves,  and  the  branches  of  the  internal 
iliac  vessels;  external  to  the  pelvis^  with  the  os  innominatnm  and  capsular  liga- 
ment of  the  hip-joint;  by  its  posterior  surface,  within  the  pelvis^  with  the  sacrum, 
and  external  to  it,  with  the  Gluteus  maximus ;  by  its  upper  bordery  with  the 
Gluteus  niedius,  from  which  it  is  separated  by  the  gluteal  vessels  and  superior 
gluteal  nerve ;  by  its  lower  border,  with  the  Gemellus  superior  and  Coccygeus, 
the  sciatic  vessels  and  nerves,  the  internal  pudic  vessels  and  nerve,  ami  muscular 
branches  from  the  sacral  plexus,  passing  from  the  pelvis  in  the  interval  between  the 
two  muscles. 

The  Obturator  membrane  is  a  thin  layer  of  interlacing  fibres  which  closes  the 
obturator  fiiramen.  It  is  attached,  externally,  to  the  margin  of  the  foramen ; 
internally,  to  the  posterior  suiface  of  the  ischio-pubic  raratis,  internal  to  the  inner 
margin  of  the  foramen.  It  is  occasionally  incomj)lete,  and  presents  at  its  upper 
and  outer  part  a  small  canal,  which  is  bounded  below  by  a  thickened  band  of  fibres, 
for  the  passage  of  the  obturator  vessels  and  nerve.  Each  obturator  muscle  is 
<jonneeted  with   this  membrane. 

Dissection.— The  next  nius^'le,  as  well  as  the  origin  of  the  PjTiformiSt  can  only  be  seen 
when  tlie  jK'lvis  is  divided  and  the  viseera  removed. 

The  Obturator  internus,  like  the  preceding  muscle,  is  situated  partly  within 
the  cavity  of  the  pelvis  and  partly  at  the  back  of  the  hip-joint.  It  arises  from  the 
inner  surface  of  the  anterior  and  external  wall  of  the  pelvis,  around  the  inner  side 
of  the  obturator  foramen,  being  attached  to  the  descending  ramus  of  the  os  (tubis 
and  the  ascending  ramus  of  the  ischium,  and  at  the  side  to  the  inner  surface  of 
the  body  of  the  ischium,  between  the  margin  of  the  obturator  foramen  in  front 
and  the  great  sacro-sciatic  notch  behind,  nnd  to  the  inner  surface  of  the  ilium 
below  the  brim  of  the  true  pelvis.  It  also  arises  from  the  inner  surface  of  the 
obturator  membrane,  except  at  its  lower  part,  and  from  the  tendinous  arch  which 
completes  the  canal  for  the  passage  of  the  obturator  vessels  and  nerve.  The  fibres 
are  directed  backward  and  di«wtrward,  and  terminate  in  four  or  five  tendinoua 
bands  which  are  found  on  its  deep  surface:    these  bands  are  reflected  at  a  right 
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angle  over  the  inner  surface  of  tlie  tuberosity  of  the  ischium,  which  is  grooved  for 
their  reception  :  the  groove  is  covered  with  cartilage  and  lined  with  a  synovial 
bursa.  The  muscle  leaves  the  pelvis  by  the  lesser  sacro-sciatie  notch,  and  the 
tendinous  bands  unite  into  a  single  flattened  tendon,  which  passes  horizontally 
outward,  and,  after  receiving  the  attachment  of  the  Gemelli,  is  inserted  into  the 
inner  surface  of  the  great  trochanter  in  front  of  the  Obturator  externus.  A 
synovial  bursa,  narrow  and  elongated  in  form,  is  usually  found  between  the  tendon 
of  this  muscle  and  the  capsular  ligament  of  the  bip  :  it  occasionally  communicates 
with  the  bursa  between  the  tendon  and  the  tuberosity  of  the  ischium,  the  two 
ibrming  a  single  sac. 

In  order  to  display  the  peculiar  ajijiearauces  presented  by  the  tendon  of  this  muscle,  it  must 
be  divided  near  its  uisertkm  and  rcliecred  outward. 

Relations. —  Within  the  pehng  this  muscle  is  in  relation,  by  ita  anterior  surface^ 
with  the  obturator  membrane  and  inner  surface  of  the  anterior  wall  of  the  pelvis; 
by  its  posterior  surface^  with  the  pelvic  and  obturator  fas c lie,  which  separate  it  from 
the  Levator  ani ;  and  it  is  crossed  by  the  internal  pudic  vessels  and  nerve*  This 
surface  forms  the  outer  boundary  of  tlie  ischio-rectal  fossa,  External  to  the  pelvis 
it  is  covered  by  the  great  sciatic  nerve  and  Gluteus  maximus»  and  rests  on  the  back 
part  of  the  hip-joint. 

The  Gemelli  are  two  small  muscular  fasciculi,  accessories  to  the  tendon  of  the 
Obturator  internus,  which  is  received  into  a  groove  between  them.  They  are  called 
superior  and  inferior. 

The  Gemellus  superior,  the  smaller  of  the  two,  arises  from  the  outer  surface 
of  the  spine  of  the  ischium,  and,  passing  horizontally  outw^ard,  becomes  blended 
wdth  the  upper  part  of  the  tendon  of  the  Obturator  in  tern  us,  and  is  inserted  with 
it  into  the  inner  surface  of  the  great  trochanter.  This  muscle  is  sometimes 
wanting. 

Eelations. — ^By  its  superjieial  mrfacey  with  the  Gluteus  maximus  and  the 
sciatic  vessels  an(l  nerves  ;  by  its  deep  mirfacej  with  the  capsule  of  the  hip-joint; 
by  its  upper  border^  with  the  lower  margin  of  the  Pyriformis  ;  by  its  lower  border^ 
with  the  tendon  of  the  Obturator  internus. 

The  Gemellus  inferior  arises  from  the  upper  part  of  the  tuberosity  of  the 
ischium,  where  it  forms  the  lower  edge  of  the  groove  for  the  Obturator  internus 
tendon,  and,  passing  horizontally  outward,  is  blended  with  the  lower  part  of  the 
tendon  of  the  Obturator  internus,  and  is  inserted  with  it  into  the  inner  surface  of 
the  great  trochanter. 

Relations. — By  its  superficial  surface^  with  the  Gluteus  maximus  and  the 
sciatic  vessels  and  nerves;  by  its  deep  stirffice^  with  fbe  capsular  ligament  of  the 
hip-joint;  by  its  ujfper  border,  with  the  tendon  of  the  Obturator  internus  ;  by  its 
loiver  bo^rder,  with  the  tendon  of  the  Obturator  externus  and  Quadratus  femoris. 

The  Quadratus  femoris  is  a  short,  flat  muscle,  quadrilateral  in  shape  (tience 
its  name),  situated  between  the  Gemellus  inferior  and  the  upj>er  margin  of  the 
Adductor  magnus.  It  arises  from  the  external  lip  of  the  tuberosity  of  the  ischium, 
and,  proceeding  horizontally  outward,  is  inserted  into  the  upper  part  of  the  liiiea 
quadrati ;  that  is,  the  line  which  crosses  the  posterior  intertrochanteric  line,  A 
synovial  bursa  is  often  found  between  the  under  surface  of  this  muscle  and  the 
lesser  trochanter,  to  which  it  extends. 

Relations.— By  its  posterior  surface^  with  the  Gluteus  maximus  and  the  sciatic 
vessels  and  nerves;  by  its  anterior  surfaee,  with  the  tendon  of  the  (Jbturator 
externus  and  trochanter  minor  and  with  the  capsule  of  the  hi|)-joint  ;  by  its 
upper  bordery  with  the  Gemellus  inferiru",  lis  lower  border  is  separated  from  the 
Adductor  magnus  by  the  terminal  branches  of  the  internal  circumflex  vessels. 

Dissection. — In  order  to  expose  the  next  mtiscle  {tlic  OhturaUir  exfernus).  it  is  necessary 
to  remove  the  Psoiia,  lliacus,  Pertineus,  and  Adduetar  brevis  and  lotigus  muscles  from  the  fiionfc 
and  inner  side  of  the  thi^":!!,  and  the  Gluteus  maximus  and  Quadratus  femons  from  the  hack 
part.  Its  diBscction  t;hould.  coasequently,  l>c  i^iostponed  until  the  muscles  of  the  anterior  and 
mtemal  femoral  regions  have  been  explamed. 
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The  Obturator  externus  (Fig.  827)  is  a  flat,  triangular  niu.scle  which  covers  the 
outer  surface  of  the  auterior  wall  of  ihepelvis»  It  arises  from  the  margin  of  bone 
wliicli  forms  tlie  iuner  boundsirv  of  tLe  obturator  foramen — vtz,  from  the  body  and 
descending  rarnns  of  tlie  i>s  juibin  and  the  nanus  of  tiiu  i^chiuui ;  it  also  arises  from 
the  inner  two-thirds  of  tlie  outer  surface  of  the  obturator  nienibrane,  ajid  from  the 
tendinous  arch  which  completes  the  canal  for  the  passage  of  the  obturator  vessels 
and  nerves.  The  fibres  converging  pass  backward,  outward,  and  upward,  and 
terminate  in  a  tendon  whieh  runs  under  and  across  the  back  part  of  the  bip- 
joiut   and  is  inserted  into  tlie  digital  fossa  of  the  femur. 

Relations. — By  its  aittrrhr  Sfirfat't\  with  the  Psoas,  Iliactis,  Pectinetis, 
Adductor  magims,  Adductor  brevis,  and  Gracilis,  and  more  externally,  with  the 
neck  of  the  femur  and  capsule  of  the  hip-joint;  by  h^  posterior  faoifatw,  with  the 
obturator  membrane  and  (juadratus  femoris. 

Nerves.^The  Gluteus  maximus  is  snppHeil  by  the  inferior  gluteal  nerve  from 
the  sacral  plexus  :  the  (iluteus  medius  and  minimus,  by  the  su]>erior  gluteal;  the 
Pyriformis,  GrnjoUi,  Obturator  intcroos,  and  Quadratus  femoris,  by  branches  from 
the  sacral  plexus;  and  the  Obturator  externus,  by  the  obturator  nerve. 

Actions. — The  Gluteus  maximus,  wljen  if  takes  its  fixed  point  from  the  pelvis, 
extCTHls  the  femur  and  brings  the  bent  thigh  into  a  line  with  the  body.  Taking 
its  fixed  point  from  below,  it  acts  upon  the  pelvis,  su|»porting  it  and  the  whole 
trunk  upon  the  head  of  the  femur,  which  is  especially  obvious  in  standing  on  one 
leg.  Its  most  powerful  action  is  to  cause  the  brxly  to  regain  the  erect  position 
after  stoojiiug  by  drawing  the  pelvis  backward,  being  assisted  in  this  action  by 
the  Biceps,  Semitendinosus,  and  Semimembranosus,  The  Gluteus  maximus  is  a 
tensor  of  the  fascia  lata,  an<I  by  its  connection  with  the  ilio-tibial  band  it  steadies 
the  femur  on  the  articular  surface  of  the  tiliia  during  standing,  when  the  extensor 
muscles  are  relaxed.  The  lower  part  of  the  muscle  also  acts  as  an  abductor  and 
external  rotator  of  the  limb.  The  Gluteus  medius  and  minimus  abduct  the 
thigh  when  the  limb  is  extended,  and  are  principally  called  into  action  in 
supporting  the  body  on  one  limb,  in  conjunction  with  the  Tensor  vaginie  femoris. 
Their  anterior  fibres,  by  drawing  the  great  trochanter  forward,  rotate  the 
tbigb  inward,  in  which  action  they  are  also  assisted  by  the  Tensor  vaginae 
femoris.  Their  posterior  fibres  rotate  the  thigh  outwanL  The  remaining  mtiscles 
are  powerful  rotators  of  the  tlrigh  outward.  In  the  sitting  posture,  when  the  thigh 
is  tlexed  upon  the  pelvis,  their  action  as  rotator  ceases,  and  they  become  abductors, 
with  tlie  exception  of  the  Obturator  externus,  which  still  rotates  the  femur  out- 
Avard.  When  the  femur  is  fixed,  the  Pyriforniis  and  Obturator  muscles  serve  to 
draw  the  pelvis  forward  if  it  has  been  inclined  backward,  and  assist  in  steadying 
it  upon  the  head  of  the  femur. 


Posterior  Femoral  Region. 

Biceps.  Serai  tendinosus.  Semimembranosus. 

Dissection  (Fig.  328).— 3L(kc  a  vertical  iticiBion  along  the  middle  of  the  thiL'h,  from  the 
lower  fuld  uT  Uie  nates  to  tih<mi  three  iuches  below  the  baek  of  the  knee-joint,  and  there 
eonneet  *t  with  !i  * ransver.se  inei.sioii  earned  from  the  inner  to  tlie  onter  t^ide  of  tlie  loir.  Make 
a  third  iufisiun  tninsversely  at  the  junetion  of  the  middle  with  the  lower  third  of  the  thiph. 
The  int4^piinfnt  having  Ix^eii  remuved  from  the  buck  of  the  knee  and  the  ^wundaries  of 
the  pojilitetd  s|)aee  exaniijied,  I  fie  removal  of  the  inteirinnent  fri>in  the  reni;dning  part  of  the 
thigh  shuuld  he  continued,  when  the  fascia  atid  inuseles  of  this  rei?ion  will  be  exposed. 

The  Biceps  {Biceps  fhror  crurifi)  is  a  large  musele,  of  considerable  lengthy 
situated  on  the  posterior  and  outer  aspect  of  the  thigh  (Fig.  321t).  It  arises  by 
two  beads.  One,  the  long  head,  arises  from  the  b_>wer  and  inner  facet  on  the 
back  jmi  t  of  the  tuberosity  of  the  ischium  by  a  tendon  common  to  it  and  the 
Semitendinosus,  The  femoral,  or  sliort  hea<l,  arises  from  the  outer  lip  of  the 
linea  aspera,  betweeu  the  Adductor  magnns  and  Vastus  externus,  extending  up 
almost  as  high  as  the  insertion  of  the  Gluteus  maximus,  and  from  the  external  snpra- 
coiidvlar  line  to  within  two  inches  of  the  outer  condyle;   it  also  arises  from  the 
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external  intermuscular  septum.  The  fibres  of  the  long  head  form  a  fusifoiin 
belly,  whieh.  passing  obIi<|uely  downward  jind  a  little  outward,  tenninates  in  an 
ajHineuro^is  wbieli  t'overs  the  posterior  surface  of  the  muscle  and  receives  the 
fibres  of  the  short  head :  this  aponeurosis  becomes  gradually  contracted  into  a 
tendon,  which  ia  inserted  into  the  outer  side  of  the  bead  of  the  fibula,  and  by 
a  sniaU  slip  into  the  lateral  surface  of  the  external  tuberosity  of  the  tibia.  At 
its  insertion  the  tendon  divitles  into  two  portions,  which  embrace  the  long 
external  lateral  ligament  of  the  kntte-joint,  a  strong  prolongation  being  sent  for- 
ward to  the  outer  tuberosity  of  the  tibia,  which  gives  oif  an  expansion  to  the  fascia 
of  the  leg.     The  tendon  of  this  mriscle  forms  the  outer  hamstring. 

Relations.— By  ita  superfieial  surface^  with  the  Gluteus  maxiraus  above,  with 
the  fascia  hita  and  integument  in  the  rest  of  its  extent ;  by  its  deep  surface, 
with  the  Semimemhranf*sus,  Adductor  magnus,  and  Vast?is  externus,  the  great 
sciatic  nerve,  and,  near  its  insertion,  with  the  external  head  of  the  Gastro- 
cnemius, Plantaris,  the  superior  external  articular  artery,  and  the  external  popliteal 
nerve. 

The  Semitendmosus,  remarkable  for  the  great  length  of  its  tendon,  is  situated 
at  the  posteriijr  and  inner  asjiect  of  the  thigh.  It  arises  from  the  lower  and  inner 
facet  on  the  tuberosity  of  the  ischium  by  a  tendon  common  to  it  and  the  long  head 
of  the  Biceps;  it  also  arises  from  an  aponeurosis  which  connects  the  adjacent 
surfaces  of  the  two  muscles  to  tlie  extent  of  about  three  inches  after  their  origin. 
It  forms  a  fusiform  muscle,  which,  passing  downward  and  inward,  tenninates  a 
little  below  the  middle  of  the  thigh  in  a  hmg  round  tendon  which  lies  along  the 
inner  side  of  the  popliteal  space,  then  curves  around  the  inner  tuberosity  of  the 
tibia,  and  is  inserted  into  the  upper  part  of  the  inner  surface  of  the  shaft  of  that 
bone  nearly  as  far  forward  as  its  antcri^ir  border.  This  tendon  is  surrounded  by 
the  tendon  of  the  iSartorius,  and  lies  below  that  of  the  Gracilis,  to  which  it  is 
united.  A  tendinous  intersection  is  usually  observed  about  the  middle  of  the 
muscle. 

Relations. — By  its  superficial  surface^  with  the  Gluteus  maximus  and  fascia 
lata;  by  its  deep  aurfaee^  with  the  Semimembranosus,  Adductor  magnus,  inner 
head  of  the  Gastrocnemius,  aud  internal  biteral  ligament  of  the  knee-joint. 

The  Semimembranosna,  so  called  from  tht;  membranous  expansion  on  its 
anterior  and  posterior  surfaces,  is  situated  at  the  back  part  and  inner  side  of  the 
thigh,  it  arises  by  a  thick  tendon  from  the  upper  and  outer  facet  on  the  back 
pan  of  the  tuberosity  of  the  ischium,  above  and  to  the  outer  side  of  the  Bicej>s 
and  Semitendinosus,  and  is  inserted  into  the  groove  on  the  inner  and  back  j»art  of 
the  inner  tuberosity  of  the  tibia,  beneath  the  internal  lateral  ligament.  The 
tendon  of  the  muscle  at  its  origin  expamls  into  an  aponeurosis  which  covers  the 
upper  part  of  its  anterior  surface :  from  this  aponeurosis  muscular  fibres  arise, 
and  converge  to  ani^ther  aponeurosis,  which  covers  the  lower  part  of  its  posterior 
surface  and  contracts  into  the  lenihm  of  insertion.  The  tendon  of  the  muscle  at 
its  insertion  gives  oft'  two  fibrous  expansions;  one  of  these,  of  considerable  size, 
pajsses  upward  an<l  outward  to  be  inserted  into  the  back  part  of  the  outer  con* 
dyle  of  the  femur,  forming  part  of  the  posterior  ligament  of  the  knee-joint.  The 
second  is  cotitinued  downward  to  the  fascia  which  covers  the  Fopliteus  muscle. 
The  tendon  also  sends  a  few  fibres  to  join  the  internal  lateral  ligament  of  the 
joint. 

The  tendons  of  the  tw^o  preceding  musclea,  with  that  of  the  Gracilis,  form  the 
inner  hamstring. 

Relations. — By  its  %nperfieial  mrface,  with  the  Semitendinosus,  Biceps,  and 
fascia  lata;  by  its  deep  surface,  with  the  popliteal  vessels,  Adductor  magnus,  and 
inner  head  of  the  Gastrocnemius,  from  which  it  is  separated  by  a  synovial  bursa; 
by  its  inner  border^  with  the  Gracilis;  by  its  outer  border^  with  the  great  sciatic 
nerve  and  its  internal  popliteal  branch. 

Nerves. — The  muscles  of  this  region  are  supplied  by  the  great  sciatic  nerve. 

Actions. — The  hamstring  muscles  flex   the  leg  upon  the  thigh.     When  the 
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knee  is  semiflexed,  the  Biceps,  in  consequence 
of  its  obi t«] lie  direction  downward  and  outward, 
rotates  the  leg  slightly  outward ;  and  the  Semi- 
tendinosus,  and  to  a  slight  extent  the  Semiraem- 
branosus,  rotate  the  leg  inward,  assisting  the  Pop- 
liteus.  Taking  their  fixed  point  from  below,  these 
muscleH  serve  to  support  the  pelviss  upon  the  head, 
of  the  femur  and  to  draw  the  trunk  directly  hack- 
ward,  as  in  feats  of  strength,  when  the  body  is 
thrown  backward  in  the  form  of  an  arch. 

Surgical  Anatomy.— The  tendons  of  these  muscles  ^ 
oocasionally  require  stilxjiitaneous  divisirvn  m  Sfime  forma  of 
spurious  ankylosis  of  the  knee-joint  deMndent  upon  per- 
manent contraction  and  rigidity  of  thf  Hexor  imiseles,  or 
from  stiffening  of  the  li gam eu tons  and  other  tissues  sur- 
rounding the  joint,  the  resuk  of  disease.     This  iBeifeeted  by 
putting  the  tt^iidon  njion  the  streteh.  and  inserting  a  tjar- 
row,  sharp-pointed  kiiHe  between  it  and  the  skin :  the  cut- 
ting edge  beint^  then  turned  toward  the  tendon,  it  8hould 
be  divided,  taking  great  eare  that  the  woand  in  the  skin  ig  , 
not  at  the  same  time  enlarged.    The  relation  of  the  external  j 
lopliteai  nerve  to  the  tendon  of  the  Biceps  must  always  bfti 
rue  in  mind  in  dividing  this  tendon. 


no 


'  \i 


Fig.  380.— MujJcle*  of  the  front  uf  the 


THE  LEG. 

Biasectioa  (Fig.  :i25).— The  knee  shonM  be  bent  a. | 
block  placed  beneath  it^  and  I  he  ftwt  kept  in  an  extended 
position;  then  make  an  incision  through  the  integument  in 
the  middle  line  of  the  leg  to  the  ankle*  and  eontinneit  along 
the  dorsum  of  the  foot  to  the  toes.  Make  a  second  incision 
transversely  aeross  the  ankle,  and  a  third  in  the  same  direc- 
tion across  the  bastes  of  the  toes;  remove  the  flaps  of  integu- 
ment included  between  these  incisions  in  order  to  examine 
the  deep  fiiseia  of  the  leg. 

The  Beep  fascia  of  the  Leg  forms  a  complete 
investment  to  the  muscles,  hut  is  not  continued 
over  the  subcutaneous  surfaceg  of  the  bones.  It  is 
continuous  above  with  the  fascia  lata,  receiving  an 
expansion  from  the  tendon  of  the  Biceps  on  the 
outer  side-^  and  from  the  tendons  of  the  Sartor  ins, 
Gracilis,,  and  Semitendinosus  on  the  inner  sifle ;  in 
front  it  blends  with  the  periosteum  covering  the 
subcutaneous  surface  of  the  tibia,  and  with  that 
covering  the  head  and  external  malleolus  of  the 
fibula;  below  it  is  continuous  with  the  annular 
ligaments  i»f  the  ankle.  It  is  thick  and  dense  in 
the  upper  and  anterior  part  of  the  leg,  nnd  gives 
attachment,  by  its  deep  surface,  to  the  Tibialis 
anticus  and  Extensor  longus  digitorum  muscles, 
hut  thinner  behind,  where  it  covers  the  GastrcH 
cnemius  and  Solens  muscles.  Over  the  popliteal 
space  it  is  much  strengthened  by  transverse  fibres 
which  stretch  across  from  the  inner  to  the  outer 
hamstring  ninscles,  and  it  is  here  perforated  by  the 
external  saphenous  vein.  Its  deep  surface  gives 
off,  on  the  outer  side  of  the  leg,  two  strong  inter- 
muscular septa  which  enclose  the  Peronei  mnscles, 
and  separate  them  from  the  muscles  on  the  anterior 
and  posterior  tibial  regions  and  several  smaller  and 
more   slender  processes   which    enclose   the   indi- 
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vidoal  muaclea  in  each  region ;  at  the  same  time  a  broad  transverse  intennuscular 
fleptom,  called  the  deep  transverse  fascia  of  the  leg^  intervenes  between  the  super- 
ficial and  deep  niuaclea  in  the  posterior  tibio-fibular  region. 

Now  remove  the  fascia  by  dividin^r  it  m  the  same  direction  as  the  integument,  exeepting 
opposite  the  ankle^  where  it  should  he  left  entire.  Commence  the  removal  of  the  fa^ia  from 
below,  opposite  tlie  tendons,  and  detach  it  in  the  line  ot*  direction  uf  the  muscular  fibres. 

M'lBcles  of  the  Leg. — These  may  be  subdivided  into  three  groups:  those  on  the 
anterior,  those  on  the  posterior,  and  those  on  the  outer  side. 


Anterior  Tibio-fibolar  Region. 

Tibialis  anticus.  Extensor  longus  digitorum. 

Extensor  proprius  hallucis.  Peroneiis  tertius. 

The  Tibialis  anticus  is  situated  on  the  outer  side  of  the  tibia;  it  is  thick  and 
fleshy  at  its  upper  part,  tendinous  below.  It  arises  from  the  outer  tuberosity  and 
upper  two-thirds  of  the  external  surface  of  the  shaft  of  the  tibia;  from  the  adjoin- 
ing part  of  the  interosseous  membrane  ;  from  the  deep  surface  of  the  fascia  ;  and 
irom  the  intermuscular  septnra  between  it  and  the  Extensor  h:mgijs  digitorum : 
the  iibres  pass  vertically  downward,  and  terminate  in  a  tendon  which  is  apparent 
on  the  anterior  surface  of  the  muscle  at  the  lower  third  of  the  leg.  After  passing 
through  the  innermost  compartment  of  the  anterior  annular  ligament,  it  is  inserted 
into  the  inner  and  under  surface  of  the  internal  cuneiform  bone  aod  base  of  the 
metatarsal  bone  of  the  great  toe. 

Eelatioma. — ^By  its  anterior  surface,  with  the  fascia  and  with  the  annular  liga- 
ment; by  Us  pouter  tor  surfare^  with  the  interosseous  membrane*  tibia,  ankle-joint, 
and  inner  side  of  the  tarsus:  this  surface  also  overlaps  the  anterior  tibial  vessels 
and  nerve  in  the  upper  part  of  the  leg.  By  its  inner  mirfave,  with  the  tibia;  by 
its  atder  mirfaee,  with  the  Extensor  longus  digitorum  and  Extensor  proprius  hal- 
lucis^  and  the  anterior  tibial  vessels  and  nerve. 

The  Extensor  proprius  hallucis  is  a  tbio,  elongated,  and  flattened  muscle  situ- 
•ted  between  the  Tibialis  anticus  and  Extensor  longus  digitorum.  It  arises  from 
e  anterior  surface  of  the  fibula  for  about  the  middle 'two-fourths  of  its  extent,  its 
origin  being  internal  to  that  of  the  Extensor  longus  digitorum;  it  also  arises  from 
the  interosseous  membrane  to  a  similar  extent.  The  fibres  pass  downwardH,  and 
terminate  in  a  tendon  which  occupies  the  anterior  border  of  the  muscle,  passes 
through  a  distinct  compartment  in  the  horizontal  portion  of  the  annular  ligament, 
crosses  the  anterior  tibial  vessels  near  the  bend  of  the  ankle,  and  is  inserted  into 
the  base  of  the  last  phalanx  of  the  great  toe.  Opposite  the  metalarso-phabingeal 
articulation  the  tendon  gives  oft'  a  thin  prolongation  on  each  side,  which  covei^s 
the  surfaceof  the  joint.  It  usually  sends  an  expansion  from  the  inner  side  of  the 
tendon,  to  be  inserted  into  the  base  of  the  first  phalanx. 

Eelations. — By  its  anterior  iiurfaeej  with  the  fascia  and  the  anterior  annular 
1  gam  en  t ;  by  i  t  s  post  erio  r  su  rf  tee,  wi  t  h  the  in  ter  oss  eou  s  m  em  h  r  a  n  e,  fi  b  u  1  a,  tibia, 
ankle-joint,  and  Extensor  b  re  vis  digitorum  ;  by  its  outer  mth\  with  the  Extensor 
longus  digitoruto  above,  the  dorsalis  pedis  vessels  and  anterior  tibial  nerve  below  ; 
by  its  inner  Mith\  with  the  Tibialis  anticus  and  the  anterior  tibial  vessels  above. 

Tbe  Extensor  longus  digitorum  is  an  elongated,  flattened,  semi  pen  niform 
muscle  situated  the  most  externally  of  all  th^  muscles  on  the  fore  part  of  the  leg. 
It  arises  from  the  outer  tuberosity  of  the  tibia  ;  from  tbe  upper  three-fourths  of 
the  anterior  surface  of  the  shaft  of  the  fibula;  from  tbe  interosseous  membrane; 
from  the  deep  surface  of  the  fascia  ;  and  from  tbe  intermuscular  septa  between  it 
and  the  Tibialis  anticus  on  the  inner  and  the  IVronei  on  the  outer  side.  The  tendon 
enters  a  canal  in  the  annular  ligament  with  the  Peroneus  tertius,  and  divides  into 
four  slips,  which  rim  across  the  dorsum  of  the  foot  and  are  inserted  into  the  second 
and  third  phalanges  of  the  four  lesser  toes.  The  mode  in  which  the  tendons 
are  inserted  is  the  following;  The  three  inner  tendons  opposite  the  metatarso- 
phalangeal articulation  are  joined,  on  their  outer  side,  by  a  tendon  of  the  Extensor 
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brevis  digitorum.  They  all  receive  a  fibrous  expansion  from  tlie  Interossei  and 
Lumbricales,  aod  tliien  .spread  otit  info  a  broad  aponeurosis,  which  covers  the  dorsal 
surfiice  of  the  first  jJuihinx  :  this  aponeurosis,  at  tbe  articulation  of  the  first  with 
tlie  second  phalanx,  divides  into  three  slips — a  middle  one,  wliicb  is  inserted  into 
tbe  base  of  the  seeond  phalanx,  and  twu  lateral  slips,  which,  after  uniting  on  the 
dorsal  surface  of  the  second  phalanx,  are  continued  onward,  to  be  inserted  into 
the  base  of  the   tliird. 

Eelations. — By  its  anterior  surface,  with  the  fascia  and  the  annular  ligament  j 
by  its  jMystrrior  surface,  with  the  fibula,  interosseous  membrjinc.  ankle-joint^  and 
Extensor  brevis  di^itorum  ;  bj  its  ituivr  mit\  with  the  Tibialis  anticuSj  Extensor 
proprius  hallueis,  and  anterior  tibial  vessels  and  nerve;  by  its  outer  uidey  with  the 
Pe  rone  us  loner  us  and  brevis, 

'J'he  Peroneus  tertius  is  a  part  of  the  Extensor  longns  digitornm,  and  might 
be  described  as  its  fifth  tendsm.  The  fibres  belon«:intr  to  this  tendon  arise  fnun 
the  lower  fourth  of  tbe  anterior  surface  of  the  fibula,  from  tbe  lower  part  of  the 
interosseous  membrane,  and  from  an  intenn oscular  septum  between  it  and  tbe 
Peroneus  brevis.  The  tendon,  after  passing  through  the  same  canal  in  the 
annular  ligament  as  the  Extensor  longns  digitorum,  is  inserted  into  the  dorsal 
surface  of  the  btjse  of  tbe  metatarsal  bone  of  the  little  toe,  on  its  inner  side.  This 
muscle  is  somctinies  wanting. 

Nerves. — Tbese  muscles  are  su|>}ilied  by  the  anterior  tibial  nerve. 

Actions.^— The  Tibialis  auticus  and  Peroneus  tertius  are  the  flexors  of  the 
tarsus  upon  the  leg  ;  tbe  former  muscle,  from  tbe  olJifjuity  in  the  direction  of  its 
tendon,  raises  the  inner  border  of  tbe  foot ;  and  the  latter,  acting  with  tbe  Pero- 
neus brevis  and  lot»gus,  rlraws  the  outer  border  of  the  foot  upward  and  the  sole 
outward.  The  Extensor  longus  digltorum  and  Extensor  proprius  hallueis  extend 
the  phalanges  of  the  toes,  the  action  being  the  same  as  that  of  tlie  corresiH>nding 
muscles  of  the  hand,  and  tiex  the  tarsus.  Taking  their  fixed  point  from  below  in 
the  erect  posture,  all  tbese  muscles  serve  to  fix  the  bones  of  tbe  leg  in  the  perpen- 
dicular position. 


Posterior  Tibio-flbular  Region, 

Dissection  (Fig.  ,S28).^Make  a  vt'rtical  iiH-isiim  alon^yr  the  aiidtile  line  of  rhe  back  of  the 
jeJT,  from  the  lower  |)art  of  die  t^upliteal  space  to  the  heel,  connecting  it  below  by  a  transverse 
iniistiai  esteniling  between  the  two  malleoH  ;  the  flaps  of  integument  being  removed,  the  fascia 
and  muscles  should  lie  examined. 

The  raHscIes  in  this  region  of  the  leg  are  subdivided  into  twti  layers — super- 
ficial and  deep.  The  superficial  layer  constitutes  a  powerful  muscular  mass, 
forming  the  calf  of  the  leg.  Their  large  size  is  one  of  tbe  most  characteristic 
features  of  tbe  muscular  apparatus  in  man,  and  bears  a  direct  connection  with  his 
ordinary  altitude  and  mode  of  progression. 


Gastrocnemius. 


Super jieial  Layer, 
Soleus. 


Plantaris. 


The  Q-astrocnemius  is  tbe  most  superficial  muscle,  and  forms  the  greater  part 
of  the  calf  It  arises  by  tw^o  hea<ls,  which  are  connected  to  the  condyles  of 
the  femur  by  two  strong  flat  tendons*  The  inner  head,  the  larger  and  a  little 
the  more  posterior,  arises  from  a  depression  at  the  upper  and  back  part  of  the 
inner  CMndyle,  The  outer  hea<l  arises  frtmi  the  upper  and  back  part  of  the 
extertial  condyle,  iinmetliately  above  the  origin  of  the  J*oplileus,  Botb  beads,  also, 
arise  by  a  few  tendinous  and  Hcshy  fibres  from  the  ridges  which  are  continued 
upward  from  tbe  condyles  to  tbe  linea  aspera.  Each  tendon  spreads  out  into  an 
aponeurosis  which  covers  the  posterior  surface  of  that  portion  of  the  muscle  to 
which  it  belongs,  that  covering  the  inner  head  being  longer  and  thicker  than 
the  outer.  From  the  anterior  surface  of  these  tendinous  expansions  muscular 
fibres  are  given  oft',     I'he  fibres  in  the  median  line,    which  correspond   to    the 


THE  POSTERIOR    TIBIO-FIBULAR   REGION. 


523 


Meessorj  portions  of  the  muscle  derived  from  the  bifurcations  of  the  linea  aspera, 
■unite  at  an  angle  upon  fi  median  tendinous 
raphe  bel(>w  :  the  remaining  fibres  converge 
to  the  posterior  surface  of  an  aponeurosis 
which  ctivers  the  anterior  surface  of  the 
muscle,    and    this,    gradually    contracting, 

unites  with   the  tendon   of  the   Soleus,    and  fflT-F^SHPHT  <^^ 

forms  with  it  the  ten  do  Achillis. 

Relations.— By  its  Huperfielal  surfaee, 
with  the  fascia  of  the  leg,  which  separates 
it  from  the  external  saphenous  vein  and 
nerve;  by  its  deep  snrfacL\  with  the  posterior 
ligament  of  the  knee-joint,  the  f^opliteiis, 
Soleus,  Plantaris,  popliteal  vessels,  and  in- 
ternal popliteal  nerve.  The  tendon  of  the 
inner  head  corresponds  with  the  back  part 
of  the  inner  condyle,  from  which  it  is  sepa- 
rated by  a  synovial  bursa,  which,  in  some 
cases,  communicates  with  the  cavity  of  the 
knee-joinr.  Tlie  tendnn  of  the  outer  head 
contains  a  sesamoid  fibro-ciirtilage  (rarely 
osseous)  where  it  plays  over  the  correspond- 
ing outer  condyle  ;  and  one  is  occasionally 
found  in  the  tendon  of  the  inner  head. 


u. 
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The  Ga5trocnemhis  should  be  divided  across, 
jugt  below  its  oriiriri.  xm\  turned  downwanl,  in  order 
to  expt>H€  the  next  umsrle.s. 

The  Soleus  is  a  broad  flat  muscle  situated 
immediately  beneath  the  Gastrocnemius.  It 
has  received  its  name  from  its  resemblance 
in  shape  to  a  sole-fish.  It  arises  by  ten- 
dinous fibres  frcmi  the  back  part  of  the  head 
of  the  fibula  and  fmm  the  upper  third  of  tlie 
posterior  surface  of  its  shaft ;  from  the  oblique 
line  of  the  tibia  and  from  the  middle  thinl 
of  its  internal  border;  some  fibres  also  arise 
from  a  tendinous  arch  placed  betwcL^n  the 
tibial  and  fibular  origins  uf  the  muscle,  be- 
neath which  the  posterior  tibial  vessels  and 
nerve  pass.  The  fibres  pass  backward  to  an 
aponeurosis  which  covers  the  posterior  sur- 
face of  the  muscle,  and  this,  gradually  be- 
coming thickt-r  and  narrower,  j<uns  with  the 
tendon  of  ilie  Gastrocnemius,  and  forms  with 
it  the  tendn  AcldUis. 

Belations.^ — By  its  superfirifd  surface, 
with  the  Gastrocnemius  and  PI  an  tar  is ;  by 
its  deep  surface,  with  the  Flexor  longus 
digitorum.  Flexor  longus  hallucis.  Tibialis 
posticus,  and  posterior  tibial  vessels  ami  nerve,  from  which  it  is  separated  by  the 
transverse  interiiiuscuhir  septum  or  deep  ti^ansverse  fascia  of  the  leg. 

The  Tendo  Achillis,  the  common  tendon  of  the  Gastrocnemius  and  Soleus,  is 
the  thickest  and  strongest  tendnti  in  the  body.  It  is  about  six  inches  in  length, 
and  commences  about  the  miildle  of  the  leg,  but  receives  fleshy  fibres  on  its 
anterior  surface  nearly  to  its  lower  end.  Gradually  becoming  contracted  below,  it 
is  inserted  into  the  lower  part  of  the  posterior  surface  of  the  os  ealcis,  a  synovial 
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bursa  being  interposed  between  the  tendon  and  the  upper  part  of  this  surface.  The 
tendon  spreads  out  somewhat  at  its  lower  end,  so  that  its  narrowest  part  is  uaualiy  - 
about  an  ineh  and  n  half  above  its  ini^ertion.  The  tendon  is  covered  by  the  fascia 
and  the  integument,  and  is  separated  fi(»m  the  deep  mtiscles  and  veasele  by  a 
considerable  interval  filled  np  with  areolar  and  adipose  tissue.  Along  its  outer 
side,   but  sujierficial  to  it,  is  the  external  saphenous  vein. 

The  Plantaria  is  an  extremely  diminutive  muscle  placed  between  the  Gastro- 
cnemius and  Soleus,  and  remarkable  for  its  long  and  delicate  tendon.  It  arises 
from  the  lower  part  of  tlie  outer  prolongation  of  the  liuea  aspera  and  from  the 
posterior  ligament  of  the  knee-joint.  It  forms  a  small  fusiform  belly,  about  three 
or  four  inches  in  length,  terminating  in  a  long  slender  tendon  which  crosses 
obliqnely  between  the  two  mnscles  of  the  calf,  and,  running  along  the  inner  border 
of  the  tendo  Achillis,  is  inserted  with  it  into  the  posterior  part  of  the  os  calcis. 
This  muscle  is  occasionally  double,  and  is  somelimcs  wanting.  Occasionally,  its 
tendon  is   lost   in  the  internal  anntdar  ligament  or  in  the  fascia  of  the  leg. 

Nerves. — ^These  muscles  are  sup]>lied  by  the  internal  pojiliteal  nerve,  the  Soleus 
receiving  an  a<hiffiifnal  branch  from  the  posterior  tibial  uerve. 

Actions. — The  muscles  of  the  calf  are  constantly  called  into  use  in  standing, 
walking,  dancing^  and  leaping.  In  walkin|j  these  muscles  draw  powerfully  upon 
•the  OS  calcis,  raising  the  heel,  and  with  it  the  entire  body,  from  the  ground  ;  the 
body  being  thus  siijiported  on  the  raised  foot,  the  opposite  limb  can  be  carried 
forward.  In  standing,  the  Soleus,  taking  its  fixed  point  from  below,  steadies  the 
leg  upon  the  foot,  and  prevents  the  body  from  falling  forward,  to  which  there  is  a 
constant  tendency  from  the  superincumbent  weight.  The  Oastrocneniius,  acting 
from  below,  serves  to  Hex  the  femur  upon  the  tibia,  assisted  by  the  Popliteus*  The 
Plantaris  is  the  rudiment  of  a  large  muscle  which  exists  in  some  of  the  lower 
animals  and  serves  as  a  tensor  of  the  plantar  fascia.  In  man  it  is  merely  an 
accessory  to  the  Gastrocnemius,  extending  the  ankle  if  the  foot  is  free  or  bending 
the  knee  if  the  foot  is  fixed. 

Deep  Layer, 

Poplitens.  Flexor  longus  digitorura. 

Flexor  longus  hallueia.  Tibialis  posticus. 

Dissection, — Detach  the  Solcus  from  its  attachment  to  the  fibula  and  tibia,  and  turn  it 
downward,  when  the  deep  layer  of  muscles  is  exposed^  covered  by  the  deep  transverse  fascia  of 
the  leg. 

The  Deep  Transverse  Fascia  of  the  leg  is  a  broad,  transverse,  intermuscular 
septum  interposed  between  the  superficial  and  deep  muscles  in  the  posterior 
tibio-fibular  region.  On  either  side  it  is  connected  to  the  margins  of  the  tibia  and 
fibula.  Above,  where  it  covers  the  I'opliteus,  it  is  thick  and  dense,  and  receives  an 
expansion  from  the  tendon  of  the  SemimerabranosuvS  ;  it  is  thinner  in  the  middle 
of  the  leg,  but  below,  where  it  covers  the  tendons  passing  behind  the  malleoli,  it 
is  thickened.  It  is  continued  onward  in  the  interval  between  the  ankle  and  the 
heeK  where  it  covers  the  vessels  and  is  blended  with  the  internal  annular 
ligament. 

This  fjuscjft  should  now  be  removed*  eommeiieini?  from  below  op|>osite  the  tendons^  and 
detaching  it  from  tht;  muscles  in  the  dirwtiou  of  their  fil>res. 

The  Popliteus  is  a  thin,  flat,  triangular  muscle,  which  forms  part  of  the  floor 
of  the  popliteal  space,  and  is  covered  by  a  tendinous  expansion  derived  from  the 
SemimembranosKS  muscle.  It  arises  by  a  strong  tendon,  about  an  inch  in  length, 
from  a  deep  depression  on  the  outer  side  of  the  external  condyle  of  the  femur, 
and  frotn  the  posterior  ligament  of  the  knee-joint,  ar*d  is  inserted  into  the  inner 
two-thirds  of  the  triangular  surface  above  the  oldique  line  on  the  posterior  surface 
of  the  shaft  of  the  tibia,  and  into  the  tendinous  expansion  covering  the  surface 
of  the  muscle.  The  tendon  of  the  muscle  is  covered  by  that  of  the  Biceps  and  the 
external   lateral  ligament  of  the  knee-joint;  it  grooves  the  outer  border  of  the 
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external  seiniluDar   fibro-cartilage,  and  is  invested   by  the  synovial  membrane 
erf  the  knee-joint. 

Relations* — By  its  superficial  surface^  with  the  fascia  above  mentioned,  which 
separates  it  from  the  Gastrocnemius,  Plantaris,  popliteal 
vessels,  and  internal  popliteal  nerve;  by  its  deep  sur- 
face^   with   the   superior   tibio-tibular   articulation    and 
back  of  the  tibia. 

The  Flexor  longns  haUucis  is  situated  on  the  fibular 
side  of  the  leg.  It  arises  from  the  lower  two- 
thirds  of  the  posterior  surface  of  the  shaft  of  the 
fibula,  with  the  exception  of  an  inch  at  its  lowest 
part ;  from  the  tower  part  of  the  interosseus  mem- 
brane; from  an  intermuscular  septum  between  it 
and  the  Peronei,  externally;  and  from  the  fascia 
covering  the  Tibialis  posticus,  which  is  attached  to 
the  inner  border  of  the  fibula  externally  and  to 
the  posterior  surface  of  the  tibia  between  the 
origins  of  the  Tibialis  posticus  and  the  Flexor 
longus  digitorum,  internany*  The  fibres  pass  ob- 
liquely  downward  and  backward,  and  terminate 
round  a  tendon  which  occupies  nearly  the  whole 
length  of  the  posterior  surface  of  the  muscle. 
This  tendon  passes  through  a  groove  on  the  pos- 
terior surface  of  the  lower  end  of  the  tibia;  it 
then  passes  through  another  groove  on  the  pos- 
terior surface  of  the  astragalus,  and  along  a  third 
groove,  beneath  the  sustentaculum  tali  of  the  os 
calcis,  into  the  sole  of  the  foot^  where  it  runs 
forward  between  the  two  heads  of  the  Flexor  brevis 
hallucis,  and  is  inserted  into  the  base  of  the  last 
phalanx  of  the  great  toe.  The  grooves  in  the 
astragalus  and  os  calcis,  which  contain  the  tendon 
of  the  muscle^  are  converted  by  tendinous  fibres 
into  distinct  canals  lined  by  synovial  membrane; 
and  as  the  ten<km  crosses  the  sole  of  the  foot, 
it  is  connected  to  the  common  flexor  by  a  tendinous 
slip. 

EelatioBS. — By  its  superficial  ttHrfaee,  with  the 
Soleiis  and  tendo  Achillis,  from  which  it  is  sepa- 
rated by  the  deep  transverse  fascia;  by  its  deep  sur* 
face^  with  the  fibula.  Tibialis  posticus,  the  peroneal 
vessels,  the  lower  part  of  the  interosseous  membrane, 
and  the  ankk^-joint ;  by  its  outer  border^  with  the 
Peronei ;  by  its  inner  border,  with  the  Tibialis 
posticus  and   posterior  tibial  vessels  and  nerve. 

The  Plexor  longus  digitoram  {  perf or  a  ns)  is  situated 
on  the  tibial  side  of  the  leg.  At  its  origin  it  is  thin 
and  pointecL  but  gradually  increases  in  size  as  it 
descends.  It  arises  fri>m  the  posterior  surface  of  the 
shaft  of  the  tibia,  immediately  below  the  fddiqiie  line,  to 
within  tbree  inches  of  its  extremity  internal  to  the 
tibial  origin  of  ibe  Tibialis  posticus;  some  fibres  also 
arise  from  the  fascia  covering  the  Tibialis  posticus.  The 
fibres  terminate  in  a  tendon  wbich  runs  nearly  the  whole  length  of  the  posterior 
surface  of  the  muscle.  This  tendon  passes  behind  the  internal  malletdus  in  a  groove 
common  tij  it  and  the  Tibialis  posticus,  but  srparated  from  the  latter  by  a  fibrous 
septum,  each  tendon  being  contained  in  a  special  sheath  lined  by  a  separate  synovial 


W 


I 


Fig.   33^.— Mus€li'«  of    the 
back  of  the  leg.    neep  liiyer. 


526  THE  MUSCLES  AND   FASCL^. 

membmno.  It  then  passes  obliquely  forward  nntl  outward,  crossing  over  the 
internal  Literal  rigament  into  tbc  sole  of  the  foot  (Fig,  8B4),  where,  crossing 
superlidally  to  the  tendon  of  the  Flexor  longiis  halluci^/  to  which  it  is  connected 
by  a  strong  tendinoiis  slip,  it  becomes  expunded,  \n  joined  by  the  Flexor  acces- 
sorins,  and  finally  divitfes  into  four  tendons  which  are  inserted  into  the  bases 
of  the  last  pbaknges  of  the  four  lesser  toes,  each  tendon  |>assing  through  a  fissure 
in  the  tendon  of  the  Flexor  brevis  digitorum  opposite  the  base  of  the  first 
phalanges. 

Relations.— /«  the  leg  :  by  its  Huperfieial  surf  am,  with  the  posterior  tibial 
vessels  and  nerve,  and  the  deep  transverse  foscia,  which  separates  it  from  the 
Soleus  muscle ;  by  its  det^p  surface^  with  the  Tibia  and  Tibialis  posticus.  In  tite 
foot  it  is  covered  by  the  Abdtictor  hallocis  and  Flexor  brevis  digitoritm,  and 
crosses  sui^erficial  to  the  Flexor  longiis   hallucis. 

The  Tibialis  posticus  lies  between  the  two  preceding  muscles,  and  is  the  most 
deeply  seated  <tf  all  the  mtiscles  in  the  leg.  It  commences  above  by  two  pointed 
processes,  separated  by  an  angular  interval,  through  which  the  anterior  tibial 
vessels  pass  forward  to  the  front  of  the  leg.  It  arises  from  the  whole  of  the 
posterior  surface  of  the  interosseous  racmhnine,  excepting  its  lowest  part,  from 
the  posterior  surface  of  the  shaft  uf  tlic  tibia,  external  to  the  Flexor  longus 
digitoruiu,  between  the  commencement  of  the  oldiipie  line  above,  and  the  middle 
of  the  external  border  of  the  bone  below,  and  from  the  upper  two-thirds  of  the 
internal  surface  of  the  fibula;  some  fibres  also  arise  from  the  deep  transverse 
fascia  and  from  the  intermuscular  septa,  separating  it  from  the  adjacent  muscles 
on  each  side.  This  muscle,  in  the  lower  fourth  of  the  leg,  passes  in  front  of  the 
Flexor  langus  digitoriim,  and  terminates  in  a  tend«>n  which  passes  through  a 
groove  behind  the  inner  malleolus  with  the  tendon  of  that  muscle,  but  enclosed  in 
a  separate  sbeath  ;  it  then  ]»asses  through  iin<>ther  sheath,  over  the  internal  lateral 
ligament  into  the  foot,  and  then  beneath  the  inferior  calcaneo-navicular  ligament, 
and  is  inserted  into  the  tuberosity  of  the  navicular  and  internal  cuneiform  bones. 
The  tendon  of  this  muscle  contains  a  sesamoid  fibro'Cartilage  as  it  passes  over  the 
navicular  bone,  and  gives  off  fibrous  expansions,  one  of  wbicb  passes  backward  to 
the  sustentacuhnn  tali  of  the  os  calcis,  otliers  outward  to  the  middle  and  external 
cuneiform  and  cuboid,  ami  some  forward  to  the  ba.ses  of  the  second,  third,  and 
fourth  metatarsal   bones  (Fig.  3;i">). 

Eelations. — By  its  superfieial  surfaeej  with  the  Poleus,  from  Avhich  it  is 
separated  by  the  deep  transverse  fascia,  the  Flexor  longus  digitorum,  the  posterior 
tibial  vessels  and  nerve,  and  the  peroneal  vessels ;  by  its  dt'fj}  tmrfare,  with  the 
interosseous  ligament,  the  tibia,  filiula,  and  ankle-^joint. 

Nerves, — The  Popliteus  is  supplied  by  the  internal  popliteal  nerve,  the 
remaining  muscles  of  this  group  by  the  posterior  tibial  nerve. 

Actions.^ — The  Popliteus  assists  in  flexing  the  leg  upon  the  thigh:  when  the 
leg  is  flexed  it  will  rotate  the  tibia  inward.  It  is  especially  called  into  action  at 
the  commencement  of  the  act  of  bending  the  knee,  inasmuch  as  it  produces  a 
slight  inward  rotation  of  the  tibia,  which  is  essential  in  the  early  stage  of  this 
movement.  The  Tihialis  posticus  is  a  direct  extensor  of  tlie  tarsus  upon  the  leg; 
acting  iti  conjunction  with  the  Tibialis  anticus,  it  turns  the  sole  of  the  foot  inward, 
antagonizing  the  Feroneus  longus,  which  turns  it  outward.  The  Flexor  longus 
digitorum  and  Flexor  longus  hallucis  are  the  direct  flexors  of  the  phalanges,  act- 
ing as  do  the  similar  muscles  of  the  hnud,  an*l,  cruitiniiing  their  action,  extend 
the  foot  upon  the  leg ;  they  assist  the  Gastrocnemius  and  Soleus  in  extending 
the  foot,  as  in  the  act  of  walking  or  in  standing  on  tiptoe. 

In  conse(|ucnce  of  the  oblique  direction  of  the  tendon  of  the  long  flexor  the  toes 
w*nuld  be  drawn  inward  were  it  not  for  the  Flexor  accessor  ins  muscle,  which  ia 
inserted  into  the  outer  side  of  it^  tendon  and  draws  it  to  the  middle  line  of  the  foot 
during  its  action.  Taking  their  fixed  point  from  the  foot,  these  muscles  serve  to 
maintain  the  upright  posture  by  steadying  the  tibia  and  fibula  perpendicularly 
'  That  IS,  in  the  order  of  dlesection  of  the  mh  of  the  foot- 
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upon  the  ankle-joint     They  also  serve  to  raise  these  bones  from  the  oblic[ue  position 
thej  assume  in  the  stooping  posture. 

Outer  or  Fibular  Begion. 

Peroneus  longus.  Peronetis  brevis. 

Dissection.— The  muscles  are  readil^v  exposed  by  renmviog  the  fascia  covering  their  siiHkoo, 
from  beluw  upwtird,  in  the  line  of  direction  of  their  nhres. 

The  Peroneus  longus  is  .situated  at  the  upper  part  of  the  outer  side  of  the  leg, 
and  is  the  more  Hiuperticial  of  the  two  muscles.  It  arises  from  the  head  and  upper 
two-thirds  of  the  outer  surface  of  the  shaft  of  the  fibula,  from  the  deep  surface  of 
the  fascia,  and  from  the  intermuscular  septa  between  it  and  the  muscles  on  the 
front,  and  those  on  the  back  of  the  leg*  It  terminates  in  a  long  tendon  which 
passes  behind  the  outer  malleoltis,  in  a  groove  common  to  it  and  the  Peroneus 
brevis,  the  groove  being  converted  into  a  canal  by  a  fibrous  band,  and  the  tendons 
invested  by  a  common  synovial  membrane;  it  is  then  reflected,  obli<jucly  forward, 
across  the  outer  side  of  the  os  calcis,  being  contained  in  a  separate  fibrous  sheath 
lined  by  a  prolongation  of  the  synovial  membrane  from  that  which  lines  the  groove 
heliind  the  tualleolus.  Having  reached  the  outer  side  of  the  cuboid  hone,  it  runs 
in  a  groove  on  the  under  suHace  of  that  btme,  which  is  converted  into  a  canal 
by  the  long  calcaneo-cuboid  ligament,  and  is  lined  by  a  synovial  membrane :  the 
tendon  then  crosses  obliquely  the  sole  of  the  foot,  and  is  inserted  into  the  outer 
side  of  the  base  of  the  metatarsal  bone  of  the  great  toe  and  the  internal  cuneiform 
bone»  Occasionally  it  sends  a  slip  to  the  base  of  the  second  metatarsal  bone.  The 
tendon  changes  its  direction  at  two  points;  first,  behind  the  external  malleolus; 
secondly,  on  the  outer  side  of  the  cuboid  bone ;  in  both  of  these  situations  the 
tendon  is  thickened,  and  in  the  latter  a  sesamoid  fibro-carti!age,  or  sometimes  a 
bone,  is  usually  developed  in  its  substance. 

Relations.— By  \i9^  gftperficial mtrfacey  with  the  fascia  and  integument;  by  its 
deep  surface^  with  the  fibula,  the  Peroneus  brevis,  os  calcis,  and  cuboid  hone;  by 
its  itn(eri*>r  border,  with  an  intermuscular  septum  which  intervenes  between  it 
and  the  Extensor  longus  digitorum  ;  by  its  pokerior  border,  with  an  intennuscular 
septum  w^hich  separates  it  from  the  8oleus  above  and  the  Flexor  longus  halhicia 
below- 

The  Peroneus  brevia  lies  beneath  the  Peroneus  longus,  and  is  shorter  and 
smaller  than  it.  It  arises  from  the  lower  two-thirds  of  the  external  surface  of  the 
shaft  of  the  fibula,  internal  to  the  Peroneus  longus,  and  from  the  intermuscular 
septa  separating  it  from  the  adjacent  muscles  on  the  front  and  hack  part  of  the 
leg*  The  fibres  pass  vertically  downward,  and  terminate  in  a  tendon  which 
runs  in  front  of  that  of  the  preceding  muscle  through  the  same  groove,  behind  the 
external  malleolus,  being  containe<l  in  the  same  fibrous  sheath  and  lubricated  by 
the  same  synovial  membrane.  It  then  passes  through  a  separate  sheath  on  the 
outer  side  of  the  os  calcis,  above  that  for  the  tendon  of  the  Peroneus  longus,  and 
is  finally  inserted  into  the  tuberosity  at  the  base  of  the  metatarsal  bone  of  the  little 
toe,  on  its  outer  side. 

Relations. — By  its  superficial  mirfaee^  with  the  Peroneus  longus  and  the  fascia 
of  the  leg  and  foot ;  by  its  deep  surfaee^  with  the  fibula  and  outer  side  of  the  os 
calcis. 

Nerves. — The  Peroneus  longus  and  brevis  are  supplied  by  the  rausculo-cuta- 
neous  branch  of  the  external  popliteal  nerve. 

Actions. — The  Peroneus  longus  and  brcvis  extend  the  foot  upon  the  leg  in 
conjunction  with  the  Tibialis  posticus,  antagonizing  the  Tibialis  anticus  and 
Peroneus  tertius,  which  are  flexors  of  the  foot*  The  Peroneus  longus  also  everts 
the  sole  of  the  foot ;  hence  the  extreme  eversion  occasionally  observed  in  fracture 
of  the  lower  end  of  the  fibtihi,  where  that  bone  offers  no  resistance  to  the  action 
of  this  muscle.  Taking  their  fixed  point  bclow%  the  Peronei  serve  to  steady  the 
leg  upon  the  foot*     This  is  especially  the  case  in  standing  upon  one  leg,  when  the 
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tendency  of  the  superincombent  weight  is  to  throw  the  leg  inward :  the  PeroneuB 
longus  overcomes  this  tendentiy  by  drawing  on  the  outer  side  of  the  leg,  and  thus 
maintains  the  perpendicular  direction  of  the  limb. 

Surgical  Anatomy^^Tlie  student  should  now  eoiisidcT  the  position  of  the  tendons  of  the 
varitnis  luust'les  of  the  le^,  their  rtihition  with  the  tinklti-joint  and  surmunding:  blood-vessels,  and 
esjM.s'iully  their  aetlop  ujion  the  foot,  as  their  rhfidity  iifid  ooiitraction  give  rise  to  one  or  other  of 
the  kinds  of  deformity  known  as  chUh/oot.  The  most  simple  and  eommon  defbrmity^  and  one 
that  is  mrely,  ifeverT  congenital,  is  the  faUpe^  rtjummy  the  fjeel  l>eing  raised  by  rigi«iity  andeon- 
traetion  of  the  titistrocnemius  muacleT  and  the  patient  walking  upon  the  ball  of  the  foot.  In  the 
talipes  I  arm  the  foot  is  forcibly  addueted  and  the  inner  side  of  the  sole  mised,  sometimes  to  a 
right  ansrle  witli  llie  ground,  by  the  aetiun  of  the  Tihiiilis  antieus  and  i>osticus.  In  I  lie  tftlipa 
raff/ifn  the  outer  edge  of  the  fo<jt  is  niised  by  the  Peronei  muscles,  and  the  patient  walks  on  the 
innr^r  ankle.  In  the  tidipes  ati^nueru  the  toes  are  niised  by  the  exteiis<:u"  muscles,  the  heel  t§ 
depressed,  and  the  patient  walks  upon  it.  Other  varieties  of  deformity  are  met  with,  ik&  the 
fti/ipvif  fypnfio-rantJii^  ef^fdno-valgujiy  and  ailcanm-Vfiff/m.  whose  names  sufficiently  indicate  their 
nature.  i>f  these,  tlie  talipes  e)(ui no- varus  is  the  most  common  congenital  fonn  :  the  heel  is 
niised  by  the  tendo  Aehillis,  the  inner  border  of  the  foot  drawn  upwanl  by  I  he  Tibialis  antieujSi 
the  anterior  two-thirds  twisted  inward  by  the  Tibialis  t>ostieus.  and  the  arch  increased  by  the 
contraction  of  the  rdantar  fascia,  so  that  the  patient  walks  on  the  middle  of  the  oater  border  of 
the  foot.  Eacfi  ot  these  deformities  may  be  successfully  relievetl  (afk^r  other  remedies  fail)  by 
divisitm  of  the  anjKising  tendons  and  fascia  :  by  this  means  the  foot  regains  its  proper  iHisition, 
and  the  tendons  lieal  by  the  organization  of  lymph  thrown  out  between  the  divided  ends.  The 
operation  is  easily  perfonned  by  putting  tlie  eontnicted  tendon  upon  the  stretch,  and  dividing 
it  by  means  of  a  narrow,  sharp-pointed  knife  inserted  beneath  it. 

Rupture  of  a  few  of  the  fibres  of  the  Gastrocnemius  or  rupture  of  the  Flantaris  tendon  not 
uncotnmonly  occurs,  especially  in  men  somewhat  advanced  in  file,  from  some  sudden  exertion, 
and  fTO|uently  occurs  auring  the  game  of  lawn  tennis,  and  is  hence  known aa'*  lawn-tennis  leg.'* 
The  accident  is  awomuiinied  by  a  sudden  psiin,  and  prwluees  a  sensation  as  if  the  individual  had 
been  struck  a  violent  blow  tm  the  part.  The  tendo  Acliillis  is  also  sometimes  ruptured  It  is 
stated  thiit  John  Hunter  ruptured  his  t-endo  Aehillis  whilst  dancing  at  the  age  of  forty. 

THE  FOOT. 

The  tibn:>us  bands  which  bind  down  the  tendi>ns  in  front  of  and  behind  tlie  ankle  in  their 
sage  to  the  foot  should  now  be  examined ;  they  are  termed  the  anituktr  ligamattii,  and  are 
three  in  uu.mber*^ant^*rIor,  internal,  and  external. 

The  Anterior  Annular  Ligament  consists  of  a  sujierior  or  vertical  portion, 
which  binds  dow!i  the  extensor  teitfbuis  as  they  descend  on  the  front  of  the  tibia 
and  fibula,  and  an  inferior  or  horizontal  |iortion^  which  retains  them  in  connection 
with  the  tarsus,  the  two  portions  being  c^mncctcd  by  a  thin  intervening  layer  of 
fascia-  The  vertical  portion  is  attached  externally  to  the  lower  end  of  the  fibula* 
internally  to  the  tibia,  and  above  is  continuous  with  the  fascia  of  the  leg;  it  con- 
tains only  one  .synovial  sheath,  for  the  tendon  of  the  Tibialis  anticns,  the  other 
tendou-s  atid  the  anterior  tibial  vessels  and  nerve  passing  beneath  it,  but  without 
any  distinct  synovial  sheath.  The  horizontal  ]>ortion  is  attached  externally  to  the 
upper  surface  of  the  os  calcis.  in  front  of  the  depressiim  for  the  interosseous 
lit^ament;  it  passes  upward  and  inward  as  a  double  layer,  one  lamina  passing  in 
front,  and  the  other  behind,  the  Peroneus  tertius  and  Extensor  longus  digitornm* 
At  the  inner  border  of  the  latter  tendon  these  two  layers  join  together,  forming  a 
sort  of  loop  or  sbeatb  in  which  the  tendons  are  enclosed,  surrounded  by  a  synovial 
membrane.  From  the  inner  extremity  of  this  loop  two  bands  are  given  off:  one 
passes  upward  and  inward  to  be  attached  to  the  internal  malleolus,  pa^ssing  over 
the  Extensor  proprius  ballucis  and  vessels  and  nerves,  but  enclosing  the  Tibialis 
anticus  and  it^  synovial  sheath  by  a  splitting  of  its  fibres.  The  other  limb  passes 
downward  and  inward  to  be  attached  to  the  navicular  and  internal  cuneiform 
bones,  and  passes  over  both  the  tendon  of  the  Extensor  projuius  hallucis  and  the 
Tibialis  anticus,  and  also  the  vessels  iind  nerves.  These  two  tendons  are  contained 
in  separate  synovial  sheaths  situated  beneath  the  ligament.  It  will  thus  be  seen 
that  the  horizontal  portion  of  the  ligament  is  like  tlie  letter  Y>  the  foot  of  tlie  letter 
being  attached  to  the  os  calcis,  and  the  two  diverging  arms  to  the  tibia  and  navic- 
ular and  internal  cuneiform  res|iectively. 

The  Internal  Annular  Ligament  is  a  strong  fibrous  band  which  extends  from 
the  inner  malleolus  above  to  the  internal  margin  of  the  os  calcis  below,  converting 
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a  series  of  grooves  in  this  situation  into  canals  for  the  passage  of  the  tendons  of 
the  Flexor  muscles^  and  vessel^^  into  the  sole  of  the  foot.  It  is  continuoiLH  by  its 
upper  border  with  the  deep  fascia  of  the  leg,  and  by  its  lower  border  with  the 
plantar  fascia  and  the  fibres  of  origin  of  the  Abdiietor  hallucis  muscle.  The  three 
canals  which  it  forms  transmit,  from  within  outward,  first,  the  tendon  of  the  Tibi- 
alis posticus;  seeimd.  the  tendon  (►f  the  Flexor  longus  digitnrum  ;  then  tbe  pos- 
terior tibial  vessels  and  nerve,  which  run  through  a  broad  space  beneath  the  liga- 
ment;  lastly,  in  a  canal  formed  partly  by  the  astragalus,  the  tendon  of  the  Flexor 
longus  ballucis.  Each  of  these  canals  is  lined  by  a  separate  synovial  meinbrane, 
Tbe  External  Annular  Ligament  extends  from  the  extremity  of  the  outer  mal- 
leolus to  the  outer  surface  of  the  os  calcis  :  it  binds  down  tbe  tendons  of  the  Pero- 
nei  muscles  in  their  passage  beneath  the  outer  ankle.  The  two  tendons  are 
enclosed  in  one  synovial  sac. 

Dissection  of  the  Sole  of  the  Foot,— The  toot  should  he  placed  on  u  hi^h  block  with  the 
sole  uppermost,  and  firiuly  Hcnr^'d  in  that  position.  Viwry  an  incision  round  the  lieel  luulnlrmg 
the  inner  and  outer  bonlers  of  the  foot  to  trie  great  ami  little  toes.  Tbis  incision  Hlundd  diviile 
the  iuteirnnient  and  thick  layer  of  pranular  fai  Iwneatli  until  the  fa^seia  is  visible  ;  the  nkin  and 
tat  should  then  be  removed  from  the  fascia  in  a  direction  from  behind  forward,  as  seen  in  Fig. 
328, 

The  Plantar  Fascia,  the  densest  of  all  the  fibrous  membranes,  is  of  great  strength, 
and  eonsiwts  of  dense  pearly-white  glistening  fibres,  disposed,  for  the  most  part, 
longitudinally:  it  is  divided  into  a  central  and   two  lateral  portions. 

rhe  central  poHkm^  the  thickest,  is  narrow  behind  and  attached  to  the  inner 
tubercle  of  the  os  calcis,  behind  the  origin  of  the  Flexor  bi*evis  digitorum,  and, 
becoming  broader  and  thinner  in  front,  divides  near  the  heads  of  the  metatarsal 
bones  into  five  processes,  one  for  each  of  tbe  toes.  Each  of  these  processes  divides 
opposite  the  metatarso-[diahingcal  articulation  into  two  strata,  superficial  and  deep. 
The  superficial  stratum  is  inserted  into  the  skin  of  the  transverse  sulcus  which 
divides  the  toes  from  tbe  sole.  The  deeper  stratum  divides  into  two  slips  which 
embrace  the  sides  of  the  flexor  tendons  of  the  toes,  and  blend  w  ith  the  sht^aths  of 
the  tendons,  and  laterally  with  the  transverse  metatarsal  li|£ament,  thus  forming  a 
series  of  arches  through  which  the  tendons  of  the  short  aTid  long  flexors  pass  to 
the  toes.  The  intervals  left  between  the  five  processes  alhiw  tbe  digital  vessels  iind 
nerves  and  the  tendons  of  the  Lumbricales  muscles  U^  become  superficial.  At  the 
point  of  division  of  the  fascia  into  processes  and  slips  numerous  transverse  fihr€*s 
are  superaddccl,  which  serve  to  increase  the  strength  of  the  fascia  at  this  part  by 
binding  tbe  processes  together  and  connecting  them  with  the  integument.  The 
central  j>ortion  of  the  jdantar  fascia  is  contintious  with  the  lateral  jiortions  at  each 
side,  and  .sends  upward  into  the  foot,  at  their  point  of  junction,  two  strong  vertical 
intermuscular  septa,  broader  in  front  than  behind,  which  separate  the  middle  from 
the  external  and  inlernal  plantar  gJ*oup  of  muscles  ;  from  these,  again*  thinner 
transverse  septa  are  derived,  which  separate  the  various  layers  of  muscles  in  this 
region.  The  upper  stirface  of  this  fascia  gives  attachment  behind  to  tbe  Flexor 
brevis  digitorum  muscle. 

The  latt-ral  ptrrlinng  of  the  plantar  fascia  are  thinner  than  the  central  piece,  and 
cover  the  sides  of  the  foot. 

The  outer  portion  covers  the  under  surface  of  the  Abductor  minimi  digiti ;  it  is 
thick  behind,  thin  in  fnmt,  and  extends  from  the  os  calcis,  forward,  to  the  base  of 
the  fifth  metatarsal  bone,  into  tbe  outer  side  of  which  it  is  attached  ;  it  is  con- 
tinuous internally  with  the  middle  portion  of  the  plantar  fascia,  and  externally 
with   the  dorsal  fascia. 

The  inner  portion  is  very  thin,  and  covers  the  Abductor  hallucis  muscle  ;  it  is 
attached  behind  to  the  internal  annular  ligament,  and  is  continuous  around  the 
side  of  the  foot  with  the  dorsal  fascia,  and  externally  with  the  middle  portion  of 
the  plantar  fascia. 

The  Muscles  of  the  Foot  are  found  in  two  regions:  1.  On  the  dorsum;  2.  On 
the  plantar  surface* 
u 
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1.  Dorsal  Region. 

Extensor  brevis  digitonim. 

The  Fascia  on  the  dorsum  of  the  foot  is  a  thin  membranons  layer  continuous 
above  with  the  anterior  margin  of  the  annuhir  ligament;  it  becomes  gradually 
h>st  opposite  the  heads  of  the  metatarsal  bones,  and  on  eaeh  side  bleeds  with  the 
lateral  portions  of  the  plantar  fascia;  it  forms  a  sheath  for  the  tendons  placed  on 
the  dorsum  of  the  foot*  On  the  removal  of  this  fascia  the  muscles  and  tendons  of 
the  dorsal  region  of  the  foot  are  exposed. 

The  Eactensor  brevia  digitorum  (Fig.  330)  is  a  broad  thin  muscle  which  arises 
from  the  fore  part  of  the  upper  and  outer  surfaces  of  the  os  calcis^  in  front  of  the 
groove  for  the  Peroneus  brevis,  from  the  external  ealeaneo-astragaloid  ligament, 
and  from  the  horizontal  portion  of  the  anterior  annular  ligament.  It  passes 
obliquely  across  the  dorsum  of  the  foot,  and  terminates  in  four  tendons.  The 
innermost,  which  is  the  largest,  is  inserted  into  the  doraal  surface  of  the  base  of 
the  first  phalanx  of  the  great  toe,  crossing  the  Dorsalis  pedis  artery  ;  the  other 
three,  into  the  outer  sides  of  the  long  extensor  tendons  of  the  second,  third,  and 
fourth    toes. 

Relations.— By  its  superficial  mtrface,  with  the  fascia  of  the  foot,  the  tendons 
of  the  Extensor  longus  digitorum  and  Extensor  proprius  hallucis;  by  its  deep 
surfare,  with  the  tarsal  and  metatarsal  bones  and  the  Dorsal  interossei  muscles. 

Kerves. — It  is  supplied  by  the  anterior  tibial  nerve. 

Actions.- — The  Extensor  brevis  digitorum  is  an  accessory  to  the  long  Extensor, 
extending  the  tirst  phalanges  of  all  four  inner  toes.  The  obliquity  of  its  direc- 
tion counteract.s  the  oblique  movement  given  to  the  toes  by  the  long  Extensor, 
so  that,  both  muscles  acting  together,  the  toes  are  evenly  extended. 

2.  Plantar  Region. 

The  muscles  in  the  plantar  region  of  the  fi»ot  may  be  divided  into  three  groups, 
in  a  similar  manner  to  those  in  the  hand.  Thf>se  of  the  internal  plantar  region 
are  connected  with  the  great  toe,  and  correspond  with  those  of  the  thumb  ;  those 
of  the  external  plantar  region  arc  connected  with  the  little  toe,  and  correspond 
with  those  of  the  little  finger;  and  those  of  the  middle  plantar  region  are  con- 
nected with  the  tendons  intervening  between  the  two  former  groups.  But  in  order 
to  facilitate  the  ilissection  of  these  muscles  it  will  be  found  more  convenient  to 
divide  them  into  four  layers,  as  they  present  themselves,  in  the  order  in  which 
they  are  successively  exposed. 

First  Layer. 

Abductor  hallucis.  Flexor  brevis  digitorum. 

Abductor  minimi  digiti. 

Diesectioa.— Remove  the  fascia  oo  the  inner  and  outer  sides  of  the  foot^  fonimencing  in 
front  over  the  toinhms  and  proceedine:  backward.  The  central  portion  should  l*e  divided  trans- 
versely in  the  middle  of  the  foot,  anct  the  two  flaps  dissi-cted  forward  and  backward. 

The  Abductor  hallucis  lies  along  the  inner  brtrder  of  the  foot.  It  arises  from 
the  inner  tubercle  on  the  under  surface  of  the  os  ealcis;  from  the  internal  annular 
ligament;  from  the  plantar  fascia;  and  from  the  intermuscular  septum  between  it 
and  the  Flexor  brevis  digitorum.  The  fibres  terminate  in  a  tendon  which  is 
inserteil,  ti^gether  with  the  innermost  tendon  of  the  Flexor  brevis  hallucis.  into 
the  inner  side  uf  the  base  of  the  first  phalanx  of  the  great  toe. 

Relations. — By  its  superjieia!  surfaee,  with  the  ]dantar  fascia;  by  its  deep  sur- 
fatw  with  the  Flexor  brevis  hallucis,  the  Flexor  accessorius,  and  the  tendons  of 
the  Flexor  bmgna  digitru'um  and  Flexor  longus  hallucis,  the  Tibialis  anticus  and 
posticus,  tlie  plantar  vessels  ami  nerves,  and  the  articulations  of  the  tarsus. 

The  flexor  brevis  digitonun  (perforatus)  lies  in  the  middle  of  the  sole  of  th€ 
foot,  immediately  beneath*  the  plantar  fascia,  with  which  it  is   firmly  united.     It 

*  Thai  ia,  in  onier  of  diasection  of  the  sole  of  the  foot. 
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arises  by  a  narrow  tendinous  process,  from  the  inner  tubercle  of  the  os  caleis, 

from    the    central    part    of    the    plantar   fascia,    and    from     the    intermuscular 

septa  between    it  and   the    adjacent    muscles. 

It  passes  forward,  and  divides  into  four  tendons. 

Opposite  the  bases  of  the  first  phalanges  each 

tendon  divides  into  two  slips,  to  allow  of  the 

ymssage   of  the  corresponding   tendon   of   the 

Flexor  longus  digitornm  ;  the  two  portions  of 

the    tendon  then   unite  and   form    a    grooved 

channel  for  the  reception  of  the  accompanying 

long   flexor   tendon.     Finally,  they    divide  a 

second  time,  to  be  inserted   into  the  sides  of 

the    second    phsi hinges    about    their    middle. 

The    mode   of  division  of  the   tendons    of  the 

Flexor   brevis  digitorum   and   tbeir   insertion 

into  the  phalanges  is  analogous  to  the  Flexor 

subliuiis  in  the  hand. 

Relations.— By  its  mperfitdal  nurfaee^  with 
the  plantar  fascia ;  by  its  deep  »urfaet\  with 
the  Flexnr  accessorius,  the  Liimbricales,  the 
tendons  of  the  Flexor  longus  digitorum,  and 
the  external  plantar  vessels  and  nerve,  from 
which  It  is  separated  by  a  thin  layer  of  fascia. 
The  tmter  and  biner  honhr^  are  separated  from 
the  adjacent  muscles  by  means  of  vertical  pro- 
longations nf  the  [dantar  fascia. 

Fibrous  Sheaths  of  the  Plexor  Tendons- — 
These  are  not  so  well  marked  as  in  the  fingers, 
The  flexor  tendons  of  the  toes  as  they  run 
along  the  phalanges  are  retained  against  the 
bones  by  a  fibrous  sheath^  forming  osseo-apo- 
neurotic  canals.  These  sheaths  are  formed 
by  strong  fibrous  bands  which  arch  across  the 
tendons  and  are  attach e^l  on  each  side  to  the 
margins  of  the  phalanges.  Opposite  the 
middle  of  the  proximal  and  second  phalanges 
the  sheath  is  very  strong,  and  the  fibres  pass 
transversely,  but  opposite  the  joints  it  is  much 
thinner,  and  the  fibres  pass  obliquely.  Each 
sheath  is  lined  by  a  synovial  metnbrane  which 
is  reflected  on  the  contained  tendon. 

The  Abductor  minimi  digiti  lies  along  tbe 
outer  border  of  the  foot.  It  arises,  by  a  very  broad  origin,  from  the  outer  tuber- 
cle of  the  OS  caleis.  from  tlie  under  surface  of  the  os  caleis  in  front  of  b(.itb  tuher- 
cles,  from  tlie  ff>re  part  of  tlie  inner  tubercle,  from  the  plantar  fascia  and  the 
intermuscular  septum  between  it  and  the  Flexor  brevis  digitorum.  Its  tendon, 
after  gliding  over  a  t?mo<*th  facet  on  the  under  surface  of  the  base  of  the  fifth 
metatarsal  bone,  is  inr^ertcd  with  the  short  Flexor  of  the  little  toe  into  the  outer 
side  of  the  base  of  the  first  phalanx  of  the  little  toe. 

Relationa. — By  its  superfifhil  mirfuri',  with  the  plantar  fascia;  by  its  drep  mr- 
face,  with  the  Flexor  accessorius,  the  Flexor  brevis  mininii  digiti,  the  long  plantar 
ligament,  and  the  tendon  of  the  Peroneus  longus.  Un  its  inner  side  are  the 
external  plantar  vessels  and  nerve,  and  it  is  separated  from  the  Flexor  brevis 
digitorum  by  a  vertical  septum  of  fascia. 

Dissection. — The  niusoles  of  the  superfidal  layer  should  l>e  divided  at  their  origin  hy  insert-  j 
ing  ihe  knite  Wnoiith  eatdi,  aad  cutting  obliquely  backward,  so  ns  to  detach  them  frfjm  the 
bone ;  they  should  then  be  drawn  forward,  in  order  to  expose  the  second  layer,  hut  not  cut 
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awajf  at  their  insertion.     The  two  kiyers  are  seTiaratcd  by  a  thin  membrane,  the  deep  plantar 
fascia,  on  the  removal  of  which  is  seen  the  tenaon  of  the  Flexor  longiis  digitonim,  tnc  Flexor 

jiocessorius,  the  t^fmloi*  of  the  Flexor  longim  haliu- 
tif,  and  the  Luntbrieales.  The  long  flexor  tendons 
t-rass  each  other  at  svn  aeiite  angle,  the  Flexor 
longus  halhu'is  running  alorri^  the  inner  side  of 
the  foot,  on  a  plane  superior  to  tliat  of  the  Hexor 
longu8  digitorum,  the  direction  of  which  is  ob- 
liquely outward. 

Second  Layer, 
Flexor  accessor! us.  Lumbricales. 

The  Plexor  accessorius  arist^s  bv  two 
heads ;  the  inner  or  larger,  which  is  mus- 
cular, being  attached  to  the  itiocr  concave 
surface  of  the  os  calcis,  and  to  the  inferior 
calcaneo-navicular  ligament ;  the  outer  head, 
flat  and  tendinous,  to  the  under  surface  of 
the  OS  calcis,  in  front  of  its  outer  tubercle, 
antl  to  the  long  plantar  ligament ;  the  two 
portions  join  at  an  acute  angle,  and  are 
inserted  into  the  outer  margin  and  upper 
and  nnder  surfaces  of  the  tendf»n  uf  the 
Flexor  longiis  digitorum,  forming  a  kind  of 
groove  in  which  the  tendon  is  lodged,* 

BelatioBS. — By  its  miperjrcial  mrfaer, 
with  the  muscles  of  the  superficial  layer, 
from  which  it  is  separated  by  the  external 
plantar  vessels  and  nerves  ;  by  its  deep  sm-^ 
fttee^  with  the  os  c  ale  is  and  long  calcaneo- 
cuboid ligament. 

The  Lumbricales  are  four  small  muscles 
accessory  to  the  tendons  of  the  Flexor 
Ion gus  digitornm :  they  arise  from  the 
ten  lions  of  the  hmg  Flexor,  as  far  hack  as 
their  ang^le  of  division,  each  arisintr  from 
two  tendons,  except  the  internal  one. 
Each  muscle  terminates  in  a  tendon, 
which  passes  forward  on  the  inner  side 
of  each  of  the  lesser  toes,  and  is  inserted 
into  the  expansion  of  the  long  Extensor 
and  base  of  the  first  phalanx  uf  the  cor- 
responding toe. 

Biisection. — The  flexor  tendons  should  be  divided  at  the  back  part  of  the  foot,  and  the 
Flexor  aucess<jriu8  at  its  origin,  and  drawn  forward,  in  order  to  expose  the  third  layer. 


¥m.  3M.--MiiacleB  of  the  sole  of  tht:  foot. 
Becond  layer. 


Thtrd  Lai^er. 

Flexor  brevis  halliicis. 
Adductor  oblitjiius  hallucjs. 
Flexor  brevis  minimi  digiti. 
Adductor  trans  vers  us  hallucis. 

The  Flexor  brevis  hallucis  arises,  by  a  pointed  tendinous  procesa,  from  the 

inner  border  of  the  cuboid  hone,   from  the  contiguous  portion  of  the  external 
cuneiform,  and  from  the  prolongation  of  the  tendon  of  the  Tibialis  posticus,  which 

'  Aceortling  to  Turner,  the  fibres  of  the  Flexor  accessorius  end  in  aponenroiic  bands,  nvhich  con- 
Uihute  A\kp&  lo  the  seo<:)tid,  third,  and  fourth  digits. 
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is  attached  to  that  bone.  The  muscle  divides,  in  front,  into  two  portions,  which 
are  inserted  into  the  inner  ijinl  outer  sides  of  the  base  of  the  first  phalanx  of 
the  great  toe,  a  sesamoid  bone  heing  developed  in  each  tendon  at  its  insertion, 
The  inner  portion  of  this  muscle  is 
blended  with  the  Abductor  hallucis  pre- 
vious to  its  insertion,  the  outer  with  the 
Adductor  oblitjnus  hallucis,  and  the  ten- 
don of  the  Flexor  longus  hallucis  lies  in 
a  groove  between   them. 

Relations. -—By  its  i^uperfieial  surface^ 
with  the  Abductor  hallucis,  the  tendon  of 
the  Flexor  longus  hallucis,  and  plantar  fas- 
cia ;  by  its  deep  aurfaee.  with  the  tendon 
of  the  Peroneus  longus  and  metatarsal 
bone  of  the  great  toe;  by  its  inner  bor- 
der^ with  the  Abductor  hallucis ;  by  its 
outer  border y  with  the  Adductor  oblit|UU8 
hallucis. 

The  Adductor  obliqEus  liaUucis  is  a 
large,  thick,  fleshy  mass  passing  oblicpiely 
across  the  foot  and  occri joying  the  hollow 
space  between  the  four  inner  metatarsal 
bones.  It  arises  from  the  tarsal  extrem- 
ities of  the  second,  third  and  fourth  met- 
atarsal bones,  and  from  the  sheath  of  the 
tendon  of  the  Peroneus  longus,  and  is 
inserted,  together  with  the  outer  portion 
of  the  Flexor  b  re  vis  hallucis,  into  the 
outer  side  of  the  base  of  the  first  phalanx 
of  the  great  toe. 

The  small  muscles  of  the  great  toe, 
the  Abductor,  Flexor  brevis.  Adductor 
obliquus,  and  Adductor  trans  vers  us,  like 
the  similar  muscles  of  the  thumb,  give 
off  fibrous  expansions,  at  their  inser- 
tions, to  blend  with  the  long  Extensor 
tendon. 

The  Flexor  brevis  minimi  dig:iti  lies 
on  the  metatarsal  bone  of  the  little  toe, 
and  much  resembles  one  of  the  Interossei. 
It  arises  from  the  base  of  the  metatarsal 
bone  of  the  little  toe,  and  from  the  sheath 
of  the  Peroneus  longus ;  its  tendon  is 
inserted  into  the  base  of  the  first  phalanx  of  the  little  toe  on  its  outer  side. 

Eelations.— By  its  mperfit'ial  mirfnee^  with  the  plantar  fascia  and  tendon 
of  the  AlMlnctor  minimi  digit i;  by  its  deep  surf aiw  with  the  fifth  metatarsal 
bone. 

The  Adductor  traiiBversua  lialiucis  (  Trangvpr8U9  pedim)  is  a  narrow,  flat,  muscular 
fasciculus,  stretched  transversely  across  the  heads  of  the  metatarsal  bones,  between 
them  and  the  flexor  tendons.  It  arises  from  the  inferior  metatarso-phalangeal 
ligaments  of  the  three  outer  toes,  sometimes  only  from  tiie  third  and  fourth  and 
from  the  transverse  ligament  of  the  metatarsus;  and  is  inserted  into  the  outer  side 
of  the  first  |>halanx  of  the  great  toe,  its  fibres  being  blended  with  the  tendon  of 
insertion  of  the  Adductor  obliquus  hallucis. 

Relations. — By  its  t^KperrirM  nurfaee,  with  the  tendons  of  the  long  and  short 

xors  and  Lumbricales ;  by  its  deep  surface,  with  the  Interossei. 


I< 
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layer 
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Fourth  Layer, 
The  Interossei. 

The  Interossei  musclea  in  the  foot  are  similar  to  those  in  the  hand,  with  this 
exception,  that  they  are  groyf»ed  around  the  middle  line  of  the  aecond  toe,  instead 
of  the  middle  line  of  the  third  finger,  as  in  the  hand.  They  are  seven  in  number, 
and  consist  of  two  groups,  dorsal  and  plantar. 

The  Dorsal  interossei,  four  in  number,  are  situated  between  the  metatarsal 
bones.  They  are  bipennif<*rm  muscles,  arising  by  two  heads  from  the  adjacent 
aides  of  the  metatarsal  bones,  between  which  they  are  placed  ;  their  tendons  are 
inserted  into  the  bases  of  the  first  phalanges,  and  into  the  aponeurosis  of  the 
common  extensor  tendon.     In  the   angular  interval  left  between  the  heads  of 


Fig.  336.— The  Dorsal  InCerosaeL    Left  foot. 


TiQ.  S57,— The  Pl&Dtar  interossei.    Left  fbot> 


each  mnacle  at  its  posterior  extremity  the  perforating  arteries  pass  to  the 
dorsum  of  the  foot,  except  in  the  First  interosseous  muscle,  where  the  interval 
allows  the  |*assage  of  the  communicating  branch  of  the  dorsalis  pedis  artery. 
The  First  dorsal  interosseous  muaele  is  inserted  into  the  inner  side  of  the  second 
toe;  the  other  three  are  inserted  into  the  outer  sides  of  the  second,  third,  and 
fourth   toes. 

The  Plantar  interossei,  three  in  number,  lie  beneath,  rather  tban  between,  the 
metatarsal  lioiies.  Tliey  are  single  muscles,  and  are  each  connected  with  but  one 
metatarsal  bone.  They  arise  from  the  base  tmd  inner  sides  of  tlie  shaft  of  the 
third,  fourth.  Jtnd  fifth  metatarsal  bones,  and  are  inserted  into  the  inner  sides  of 
rhe  bases  of  the  lirst  phalanges  of  the  same  toes,  and  into  the  aponeurosis  of  the 
comnioii  extensor  tendon. 

Neryes.^-The  Flexor  brevis  cligitorum,  the  Flexor  brevis  and  Abductor 
hallucis,  and  the  two  inner  Lumbricales  are  supplied  hy  the  internal  plantar 
nerve;  all  ibe  other  muscles  in  the  sole  of  the  foot  by  the  exrernal  plantar.  The 
First  and  Second  dorsal  interossei  muscles  receive  extra  filaments  from  the  gan- 
glionic enlargement  of  the  anterior  tibial  nerve  on  the  dorsum  <if  the  foot. 

Actions, — All  the  muscles  of  the  fnot  act  upon  the  toes,  and  for  purposes  nf 
descripticm   as   regards    their   action  may  be  grouped  as  Abductors,  Adductors, 
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Fl#3lor9,  or  Extengors.  The  Ahductorg  are  the  Dorsal  interoesei,  the  Abductor 
hallucis.  and  the  Abductor  mmimi  digit'u  Tlie  Dorsal  interossei  are  abductors 
from  an  iniagmarv  line  passing  through  the  axis  of  the  second  toe,  so  that  the 
first  muscle  draws  the  second  toe  inward,  toward  the  great  toe ;  the  second 
myscle  draws  the  same  toe,  outward;  the  third  draws  the  third  toe,  and  ihe 
fourth  draws  the  fourth  toe,  in  the  same  direction*  Like  the  interossei  in  the 
hand,  they  also  flex  the  proximal  phalanges  and  extend  the  two  terminal  pha- 
langes. The  Abductor  hallucis  abducts  tlje  great  toe  from  the  others,  and  also 
tlexes  the  proximal  phalanx  of  this  toe.  And  in  the  same  way  the  action  of  the 
Abductor  minimi  digit i  is  twofold — as  an  abductor  of  this  toe  from  the  others, 
and  also  as  a  flexor  of  the  proximal  phalanx.  The  Adducton  are  the  Plantar 
interossei.  the  Adductor  ohliquus  hallucis,  and  the  Adductor  transversus  hallucis. 
The  plantar  interosseous  muscles  add  net  the  third,  fourth,  and  fifth  toes  toward 
the  imaginary  line  passing  through  the  second  toe,  and  by  means  of  their  inser- 
tion into  the  aponeurosis  of  the  extensor  tendon  they  flex  the  proximal  phalanges 
and  extend  the  two  terminal  phalanges.  The  vldductor  obliijuus  hallucis  is 
chiefly  concerned  in  adducting  the  great  toe  toward  the  second  oTic,  but  also 
assists  in  flexing  this  toe.  The  Adductor  transversus  hallucis  approximates  all 
the  toes,  and  thus  increases  the  curve  of  the  transverse  arch  of  tlie  metatarsus. 
The  Flexom  are  the  Flexor  brevis  digitorum,  the  Flexor  accessorius,  the  Flexor 
brevis  hallucis,  the  Flexor  brevis  minimi  digiti,  and  the  Lumbricales.  The 
Flexor  brevis  digitorum  flexes  the  second  phalanges  upon  the  first,  and,  con- 
tinuing its  action,  may  flex  the  first  phalanges  also  and  bring  the  toes  together. 
The  Flexor  accessor ius  assists  the  Long  flexor  of  the  toes,  and  converts  the 
oblii[ue  pull  of  the  tendons  of  that  muscle  into  a  direct  backward  pull  upon  the 
toes.  The  Flexor  brevis  minimi  digiti  flexes  the  little  toe  and  draws  its  meta- 
tarsal bone  downward  and  inward.  The  Lumbricales,  like  tlie  corresponding 
muscles  in  the  hand,  assist  in  flexing  the  proximal  plialanges,  and  by  their  inser- 
tion into  the  long  Extensor  tendon  aid  in  straightening  the  two  terminal  pha- 
langes. The  only  muscle  in  the  Extenmr  group  is  the  Extensor  brevis  digi- 
torum. Ft  extends  the  first  phalanx  of  the  great  toe,  and  assists  the  long  Exten- 
sor in  extending  the  next  three  toes,  and  at  the  same  time  gives  to  the  toes  an 
outward  direction  when  they  are  extended. 

Surface  Form* —Of  the  miisi^les  of  the  thigh,  those  of  the  iliac  repion  have  no  iafluemse  < 
on  surface  turui,  wliik  those  of  the  nuterior  feniriral  rek'iou,  \m\\g  to  a  greut  extent  su]^»t'rfictal,  ' 
largely  contribute  to  the  surface  furui  of  this  part  of  the  hcnly.  The  Tensor  rtigina  fetnoris 
proaucea  a  broad  elevation  iauned lately  beluw  the  anterinr  portion  of  the  crest  of  the  ilium  and 
behind  the  anterior  superior  spinous  proi'ess.  Frntn  its  lower  tHmler  a  longitudinal  ^ToovCr 
corresponding  to  the  iliu-tibial  band,  may  \ni  seen  ruuuiug  down  the  outer  side  of  the  thi>,di  to 
the  outer  side  of  the  knee-joint  The  SartoriuH  luusL'le,  when  it  is  hnni^ht  info  action  by 
flexing  the  leg  on  the  thigh  and  t!ic  thigh  on  the  pelvis,  and  rotating  the  thigh  outwarcf, 
presenis  a  well-marked  surface  form.  At  it.s  upper  part,  wliere  it  nmstitntes  the  outer 
Iwundiiry  of  Srarpa's  triani-le,  it  forms  a  prominent  ubliijue  ridge,  whieh  become^s  changed  into 
a  fiatteiied  plane  wlow.  and  this  gniduallv  merges  in  a  gencml  fulness  on  the  inner  side  of  the 
knee-joint.  When  the  Sartorius  is  not  m  artfon.  a  dei»rej<sion  exisits  between  the  Extensor 
quadricf^t*'^  ^^i^'l  'h*^  Addwetor  ruusrles.  running  obliquely  downward  and  uiwnrd  frfuu  tlje  ajiex 
of  Scarpa's  trianiile  to  the  itincr  side  iff  the  knee,  wnieh  eorrespouda  to  iIuh  musele.  In  the 
depressed  ani^te  tbrrued  by  the  divergenee  of  the  Sartorin.H  and  Tensrir  vacitiai  femons  nuLSi-les, 
just  beltiw  the  anterior  superior  spinous  process  of  the  ilium,  the  Rtctm/nttoria  tittt.scie  appears, 
audi  heluw  this,  dctenuines  to  a  great  extent  the  eon  vex  fonu  of  the  trout  of  the  thigh. 
In  a  well  developed  subject  the  borilers  of  the  nius*?le,  when  in  aetion,  are  clearly  to  be  detirjed. 
The  Vfti*fus  f'xferttus  Ibrms  a  !i>ng  lliitteued  plane  on  the  outer  side  of  the  thigh,  traversed  by 
the  km LOtud in al  groove  formed  by  the  iliu-tibial  bund.  The  Vth^fm  in hntm,  on  the  inner  side 
of  the  lowiir  half  of  the  thitjh,  gives  rise  to  a  eonsiderahle  pnunineneet  which  itjereases  tuward 
the  knee  and  terminates  somewhat  abruptly  lu  this  sitiiatiou  with  a  full,  eurved  outline*  The 
CntrettJi  and  Stthrrnnns  are  completely  hidden,  and  do  not  diRX'tly  inHuence  suri'aee  form.  The 
Aiidttcfor  mifficffif,  eonstitutinir  the  interna!  fi.'mor:d  grotip,  are  not  to  t>e  individmilly  distin- 
guished from  each  other,  with  the  exeeption  of  the  ui>per  tendon  of  the  Adductor  longus  and 
the  lower  tendon  of  the  Adductor  magnus.  The  upper  tend<m  of  the  Addtftittr  Itmfjm^  when 
the  ntnsele  h  In  aetion,  stands  out  as  a  prominent  ridge*  wliicli  runs  ohliiiuely  downward  and 
oiitward  from  the  neighborhood  of  the  pubic  spine,  and  forms  I  lie  inner  boundaiy  of  a  flattened 
triangular  space  on  the  upper  part  of  the  front  of  the  thigh,  known  as  Scarpa's  triangle.     The 
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lower  tendon  of  tlie  Addnetor  magnuji  can  be  diistinerly  felt  as  a  short  ridge  extending  down  to 
the  Addii('t(ir  tubercle  on  the  intcnml  condyle,  between  the  Sartonus  and  Vastus  inlemiia. 
The  AdJiM  tur  ^^roiip  of  niiisc^es  fills  in  tlie  triangular  space  at  the  upper  part  of  the  tbigh^ 
fanned  between  the  oblifine  fenajr  and  die  pel  vie  wall,  and  to  tbcm  is  due  tbe  contour  of  the 
inner  border  of  tbe  thigh,  tbe  (jnictlis  largely  contributing  to  the  snioothtiess  of  the  outline. 
The.He  uiuseles  are  not  market!  off  on  tbe  surface  tWmi  thosvC  of  the  posterior  femoral  region  by 
any  intemnisc-ular  marking:  but  on  the  outer  side  of  the  tbi^^h  thei^e  latter  uiuseles  are  defined 
from  tile  Vastus  externus  by  a  distinct  marking,  eorresiHinding  to  the  extenial  iiitennuseular 
aeptum.  The  (riutfttx  jtuuimit.'i  and  a  part  id"  tbe  Gfuttfis  mrdim  lure  the  only  muscles  of  tbe 
buttcK'k  wliieb  influence  suriace  lorm.  Tbe  other  part  of  the  <ibitens  mcdiiis,  the  Gbiteuij 
minrnms,  and  the  l^jXtemal  rotators  are  eomplelely  hidden.  Tbe  (rfufeif^  mdximm  forms  the 
full  rounded  outline  of  tlie  buttock :  it  is  more  prominent  bt^iiiid,  compressed  in  front,  and 
terminates  at  its  tendinous  insertion  in  a  depression  immediately  behind  the  great  troebaiiter. 
Itpf  lower  Ixirder  does  not  tNirresf>otid  to  the  gluteal  fold,  but  is  niueh  more  oblique,  being 
marked  by  a  line  drawn  from  the  side  of  the  coccyx  to  tbe  lower  part  of  the  great  trochanter. 
From  beneath  the  fold  of  tlie  buttock  the  hanuhittf/  mitschji  apjiear,  at  first  narrow  and  tiut  well 
marked,  but  as  they  descend  becoming  more  prom ineni  and  widened  out.  and  event uallv^  divid- 
Im  into  two  well-marked  ridges,  which  form  tbe  ujiper  boundaries  of  tlie  popliteal  .npace, 
being  fVirmed  by  the  tendons  of  the  inner  and  outer  hamstnug  mustdes  respeelively,  li*  the 
upiwr  part  of  the  thigh  these  nnii^cles  are  not  to  be  ijidividually  distinguisbed  from  each  otben 
but  lower  down,  the  scjiaration  between  the  Semitendiiiosns  and  Semimembranosus  is  denoted 
by  a  slinlit  intermiLscuhir  marking.  Tbe  external  hamstring  tendon  iJjrmed  by  the  BicrjiH  is 
seen  as  a  thick  cord  nmning  down  to  tbe  head  of  tbe  fibula.  Tbe  inner  hnmstring  tendons 
comprise  the  Semiteiidinosns,  tbe  SemimembranosuSj  and  tbe  Uraeilis.  Tbe  *SV/«/V<iiJ//(fwnw  is  tbe 
most  internal  of  these,  and  can  l>e  felt,  in  certaiu|x>>Hit!i(ns  td*  the  limb,  as  a  sharp  wrd  ;  tbe 
Sf'numnitfjrffiiojiiis  Is  thick,  anii  tbe  Gcai^tfiJi  is  situated  a  little  fartfier  forward  tluui  the  other 
two.  All  tbe  mus<les  on  tbe  front  of  the  leg  appear  to  a  certain  extent  si>n*ewliere  on  tbe 
Burfiice,  but  tlie  form  of  this  region  is  mainly  dependent  u]H)n  the  Tibialis  anticus  and  tbe 
Extensor  longus  digitornm.  The  Wnnli)^  antirw  k  well  tnarked,  and  presents  a  fusiform 
enlargement  at  the  outer  side  of  tbe  tibia,  and  pr^<^ieets  beyond  the  crest  of  tbe  sliiu-buiie. 
From  the  mnscnlar  ma.ss  its  tendon  may  be  tnieed  liowuwjirib  standing  out  boldlv.  when  the 
muscle  is  in  action,  on  the  fnmt  of  the  tibia  and  ankle-joint,  and  eoursiuk:  down  to  its  insertion 
along  the  inner  border  of  the  foot,  A  wdbmarked  groove  separates  this  muscle  externally 
from  tbe  Kcitasof  ioitgttff  tlif/if<ttnitK  which  fills  up  the  rest  of  the  space  between  tbe  upper 
I  part  of  tbe  shall  of  the  tibia  and  fibula.  It  <loeii  not  present  so  liold  an  outline  as  tbe  Tibiabs 
ftntieus.  and  its  teudtm  below,  diverging  from  the  tendon  of  the  Tii)ialis  anticus,  fonns  a  surt  of 
plane,  m  wbieb  maybe  s*3ea  the  tendun  of  the  Fxicnstjr  proprius  halluci!?.  A  groove  on  tbe 
outer  side  of  tbe  Exteus<»r  longus  digitorum,  st^en  must  olainly  wbcn  the  muscle  is  in  action, 
I  separates  fronj  it  a  slight  eminence  corresponding  to  tbe  HrimruH  Uittun.  Tbe  fleshy  fibres  of 
nhe  /^no^eiw  kmr/iis  are  stn^ngly  marked  at  tbe  nt>i»er  jiart  of  the  outer  side  of  tbe  leg.  eapect- 
ally  wb<'n  the  muscle  is  in  action.  It  fl>rms  a  Ixjld  swelling,  setmrated  by  furrows  from  the 
Extensor  InngiLH  digitornm  in  front  and  the  Soleus  btdiiitiL  Below,  tbe  fieshy  fibres  terminate 
[abruptly  in  a  tendon  which  overlaps  the  more  flattened  tbrm  of  the  rtntnfm  hretii^.  At  the 
r external  malleolus  tbe  tendon  td'  tlie  Peroneus  lirevis  is  more  marked  than  that  of  the  Pertmeus 
^  longiLs.  On  the  dorsum  of  the  biut  the  tendons  of  tbe  Extensor  miLsi  les,  emergimr  from 
beneath  tbe  anterior  aimidar  ligament,  si3read  out  and  can  l*e  distinguisbeil  in  the  Jollowing 
order;  The  most  internal  and  largest  is  the  Tibialis  antiens,  then  the  Extensor  i^roprius  balkieis: 
next  etnju's  tlu*  Extensa »r  longus  digitorum,  dividing  into  lour  tendons  to  tbe  tour  uuter  tL»e«  ;  and 
lastly,  most  externally,  is  tbe  Peroneus  tertius.  Tbe  flattened  form  of  the  dorsum  of  the  tbut  is 
relieved  by  die  rounch^J  outline  of  the  fJeshy  l>elly  of  the  Enttumr  fjnrutdt'gtyijrutu,  which  Ibrms  a 
soft  fulness  on  the  outer  side  of  the  tarsiLs  in  frunt  of  the  external  mallcobis,  and  by  tbe  IKirsal 
interossei.  which  bulge  between  tbe  metalarsal  bones.  At  the  back  of  tlie  knet-  is  tbe  t^t>pliteal 
apaoe,  bonmied  aUive  by  tbe  tensions  of  the  banistnuL'  muscle  ;  below,  by  tbe  two  heads  of  the 
Gastrm'nemius.  Below  this  spaiv  is  (be  jnonnnent  fleshy  neiss  of  the  ealf  of  the  lei:^.  produced 
by  the  (jitsb*M'Hf:ntitiji  and  Sohus.  Wbcn  these  mnsiles  art^  in  action,  as  In  standing?  on  tiptoe, 
tbe  borders  of  the  Gastrociiemuis  are  well  defined,  presenting  two  t^urved  lines,  whtcb  converge 
to  the  tendfiu  of  insertion.  Of  these  borders,  the  inner  is  more  prominent  than  the  outer 
The  fleshy  mass  of  the  calf  termitmtes  somewhat  aijrntitly  below  in  tlie  tendo  Aehilbs.  which 
stands  (Mi  prominently  on  tlie  lower  part  of  tbe  back  of  the  leir.  It  |fresent8  a  sHnjewhat 
tapering  fnrm  in  the  upper  three-tonrths  of  its  extent,  but  widens  out  slightly  below.  When 
the  muscles  of  the  calf  are  in  a<'tion.  the  lateral  jiortit/ns  of  the  Sofpuji  mav  be  seen,  homing 
curved  eminences,  of  which  tbe  outer  is  tbe  longer,  on  either  side  of  tfie  (bLstrocnemins. 
Behind  the  tuner  border  of  the  h>wer  t>art  of  the  shaft  of  the  tibia  a  well-marked  ridge,  pro- 
duced by  the  tendon  of  the  Tibialis  posticus,  is  visible  when  this  muscle  is  in  a  state  of  eon- 
traction. 

On  the  sole  of  the  foot  the  superficial  layer  of  muscles  Influences  surface  form;  tbe 
AftflurUtr  minimi  iii)/ky  moat  markedly,  This  innR^Ie  forms  a  narrow  rounded  elevation  along 
tbe  outer  bonier  of  the  foot,  while  tbe  Ahthdior  Aa//»m  does  the  same,  though  to  a  lei<8  ex- 
tent, on  the  inner  side.  The  Flnrtfr  hrtria  tfif/tfontm,  bound  down  by  the  plantar  tW-ia,  is  not 
very  app!U"ent ;  it  priMbices  a  flattened  form,  covered  by  the  thickened  skm  of  the  sole,  which 
is  here  thrown  into  numerous  wrinkles. 
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SURGICAL   ANATOMY   UF   THE   LOWER    EXTREMITY. 

The  student  should  now  consider  the  effects  produced  by  the  ttctioii  of  the  various  muscles 
m  fhuitures  of  the  bones  of  the  lower  extremity.     The  more  coiinnon  limns  of  fnietures  are 

sc4ei'ied  for  illustratioo  and 
description. 

In  fmcfure  of  the  neck 
of  the,  /emur  fttftrnfjl  to  the 
capmhrrUtjomrnf  \Y\^.  338) 
tlie  eharat'teristie  marks  are 
sliplit  shortening  of  the 
Unib  and  eversion  of  the 
fuol,  neitlver  of  which  symp- 
toma  occurs,  however,  in 
Butoe  cases  until  some  time 
after  the  inju^)^  The 
e version  is  caused  by  the 
weight  of  the  limb  rotating 
it  outward.  The  shorten- 
mg  is  produced  b^  the 
action  of  the  (ilutei,  and 
by  the  Rectus  fern  oris  in 
ti-ont  and  the  Bieefis, 
SemitendinosuB,  and  Semi- 
membranosus behind. 

In  fracture  of  the 
fetnvrjmt  below  thetrttchau- 
ters  (Hg,  339)  the  tti>per 
firaj^ent,  the  j>ortion  chietly 
displaced,  is  tilted   forward 


vntfonMift. 

[MELtUB  aUFERlOPI. 
IfnftTOR    INTCnNOS 

-ovTurtATon  extcrnus 


Fio.  888.— Fracture  of  the  neck  of  the  femur    within   the  copsular 

almoat  at.  right  angles  with  the  pelvis  by  the  combined  action  of 
the  Psoas  anri  Ihacus,  and,  at  tne  same  time,  everted  and  dniwn 
outward  by  the  External  rotator  and  t Jlutei  muscles,  cnusing  a 
marked  prominence  at  the  upper  and  outer  side  of  t lie  thigh,  and 
Uinch  pain  from  the  bruisinir  and  laceration  of  the  mnst^les.  The 
limb  is  shortened,  in  coriscfpienco  of  the  lower  fragment  being 
drawn  upward  by  the  rectors  in  ihmt,  and  the  Biceps,  Semt- 
membranijsus,  and  Semttendinosus  Ixdiind,  and*  at  the  s:mie 
time,  everted,  and  the  upper  end  thrown  ontwar^l  and  the  lower 
inward  by  the  PoctineiiH  and  Adductor  moscles.  This  fmeture 
may  lie  reduced  in  two  diRferent  methods;  either  by  direct  rti-lax- 
at  ion  tA*  all  tlie  o|iposin^'  musrh's,  Uy  effect  which  the  limb  should 
be  platted  on  a  double  incUned  |i]ane:  or  by  oyercomini:  the  con- 
tniction  of  the  musc^Ies  by  continued  extension,  which  may  be 
effecteil  by  means  of  the  long  sjdint. 

Oblique  fracture  of  the  femur  itumfiliatt'li/  itfmrp  thf^  mtith/fe^ 
(Fig.  ;i4^)J  is  a  f<jrmi<lable  injury,  and  attended  with  eonsiderable 
displaeenipnt.  On  examination  (d*  the  limb  the  ktwer  fmL^ment 
may  be  felt  deep  in  the  popliteal  space,  l>eing  drawn  Imokward 
by  the  (fastroenemius  and  Plantar  Is  inusti'ks.  and  upward  by 
the  post<Tiur  Femora!  and  Rectus  muscles.  The  pomtcil  end 
of  the  upper  fragment  is  drawn  inward  by  the  Pcctineus  and  Ad- 
ductor muscde^,  and  tilted  forward  by  the  Psoas  and  Iliaeus*  pierc- 
ing the  Rectus  muscle  an«l  ot?casionally  t  lie  i  nt eguim  nt.  Relaxatton 
of  these  muscles  and  direct  approximation  of  the  bri»ken  frag- 
ments are  effecteil  by  [dactiiii  the  limb  on  a  diiul4e  inclined  phine. 
The  greatest  care  is  requisite  in  keepine  the  pnintcd  extremity 
of  the  upjier  frai^nucnt  in  jiroper  position  :  oihiTwise,  after  union 
of  the  fradu'ture.  the  jiower  of  extensiim  of  the  liml)  is  partirtlly 
de.stroyed,  fD:»m  the  Rectus  muscle  being  held  down  by  the  frac- 
tured end  of  the  iHine,  and  from  the  patella,  when  elevated, 
beimr  dniwn  upward  against  thf*  pnijcctinEi  frairmcrjt. 

In  IVactnre  of  the  pfttrlfn  (Fig.  341  I  the  thigment^  are  sepa- 
rated by  the  effusion  which  takes  ]4acc  into  the  joint,  and 
poestbly  by  the  action  of  the  Quadricejis  extensor;   the  extent  of  separation  of  the  two 
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Fjfj.  33©.— Fracture  of  the  femur 
below  the  trochanter*. 


THE  MUSCLES  AND   FASCI.^, 

fmfftuentii  dependin^^  upon  the  degree  of  laceration   of  the  ligamentous  structures  around 
the  bone. 

In   ohlfiiue  fracture  of  the  shaft  of  the  tibtn  (Fi|r.  342),  if  the  fracture  hiis  taken  fjlaee 
oblii|iiely  iroiii  f*hMjve,  downward  and  forward,  the  frairments  ride  over  one  another,  tlie  lower 

fragments  beintr  drawn  backward  and  upward 
by  the  powerful  ai:tion  of  the  mnsi^les  of  the 
calf;  the  pointed  extremity  of  the. upper 
frajerment  project .s  forwanl  inimediaiely  pe- 
neath  the  integument,  idVen  protruding 
throu^^i  it  and  reuJcring  the  fnieture  a 
eonipound  one.  If  the  direetiim  of  the 
fracture  is  the  reverse  nf  that  sliown  in  the 
figure,  the  pi  tinted  extremity  of  the  lower 
frugment  prufects  fnrwjird.  riding  upon  the 
lower  end  of  the  upper  one.  By  bendinc  the 
knee^  which  relaxes  the  opposing  niu^t^les, 
and  making  extension  from  the  ankle  and 
counter-extension  «it  the  knee,  the  fragments 
may  he  hnjught  into  apposition.  It  is  of^en 
necessary,  however,  in  compound  fmcture,  to 
remove  a  portion  of  the  j>rojcetin^  bone  with 
the  saw  before  complete  adaptation  can  be 
effected. 

Fracture  of  the^^/>f(^^  wtth  dijihtvation 
of  thf  ff*of  imfimrd   (Fig.  343),  conimnnly 
known  as  *'  Pott's  Fracture/'  is  one  of  the 
M  *  most   trcfpient   injuries   of   the   ankle-joint. 

Fig.  SlO.—Fraeture  of  the  Fio,  S4h  —  tract u re  The  end  id'  the  tibia  is  displaced  from  the 

feraur  above  the  condyleii.  of  the  pateUa.  corrt?sponding  surface  of  the  astmgalus  ;  the 

internal   lateral   ligiiment   is  ruptured ;    and 
the  inner  malleolus  projects  inward  beneath  the  inteirument,  which  as  tightly  stretched  over 

it  and  in  danger  of  bursting.  The  fibula  is  broken^  usunliy 
from  two  to  three  inches  »ho\e  the  ankle,  and  i>ecasionally 
that  portion  ttf  the  tibia  with  which  it  is  more  directly 
connected  below;  the  foot  is  everted  by  the  acticui  of 
the  I*eroneus  longus.  its  inner  border  resting  upon  the 
ground,  and  at  the  same  time  the  heel  is  drawn  up  by 
the  muficles  of  the  calf  This  injury  may  he  at  once 
reduced  by  flexing  the  leg  at  right  angles  with  the  thigh, 
which  relaxes  all  tht^  i>ppnsing  muscles,  and  by  making 
exteneion  from  the  ankle  and  eounter-extenaion  at  the  knee. 


Fm.  S42,—Ohltmie  fmcture  of 
the  shaft  of  thi?  tibm. 


Fio.  343.«Frttcture  of  the  fibula  with  dlslocalioii  uf  the 
foot  outward — ••  PotVs  Fracture.'* 


THE    ARTERIES. 


THE  Arteries  are  cvlindrical  tubular  vessels  which  serve  to  convey  blood  from 
both  ventricles  of  the  heiirt  to  every  part  of  the  body.  These  vessels  were 
named  arteries  {dijp^  air ;  d; «£?!>,  to  contain)  from  the  belief  entertained  by  the 
ancients  that  tbey  contained  air.  To  Galen  is  due  the  honor  of  refuting  this 
opinion  ;  he  showed  that  these  vessels,  though  for  the  most  part  empty  after  death, 
contain  blood  in  the  living  body. 

The  pulmonary  artery,  which  arises  from  the  right  ventricle  of  the  heart, 
carries  venous  blood  directly  into  the  lungs,  whence  it  is  returned  by  the  pul- 
monary veins  into  the  left  auricle.  This  constitutes  the  lesser  or  pulmonic  circu- 
ilation.  The  great  artery  which  arises  from  the  left  ventricle,  the  aorta^  conveys 
arterial  blood  to  the  body  generally,  whence  it  is  brought  back  to  the  right 
side  of  the  heart  by  means  of  the  veins.  This  constitutes  the  greater  or  systemic 
circulatiiui. 

The  distribution  of  the  systemic  arteries  is  like  a  highly  ramified  tree,  the 
common  trunk  of  which,  formed  by  the  aorta,  eoniniences  at  the  left  ventricle  of 
the  heart,  the  smallest  ramifications  corresjjonding  to  the  circumference  of 
the  body  and  the  contained  organs.  The  arteries  are  found  in  nearly  every 
part  of  the  body,  with  the  exceptitvn  of  the  hairs»  nails,  epidermis,  cartilages, 
and  cornea :  and  the  larger  trunks  usually  occupy  the  most  protected  situa- 
tions, running,  in  the  limbs,  along  the  flexor  side,  where  they  are  less  exposed 
to  injury. 

There  is  considerable  variation  in  the  mode  of  division  of  the  arteries  :  occa- 
sionally a  short  trunk  subdivi^dcs  into  several  branches  at  the  same  point,  as  we 
"  Dbaerve  in  the  coeliac  and  thyroid  axes  ;  or  the  vessel  may  give  oif  several  branches 
in  succession,  and  still  continue  as  the  main  trunk,  as  is  seen  in  the  arteries  of 
the  limbs;    but  the  usual  division    is  dichotoraous;    as,   for  instance,   the  aorta 
I'dividing  into  the  tw^o  common  iliacs,  and  the  common  carotid  into  the  external 
1  and  internaL 

The  branches  of  arteries  arise  at  very  variable  angles :  sotne,  as  the  superior 
intercostal  arteries  from  the  aorta,  arise  at  an  obtuse  angle:  others,  as  the  lumbar 
arteries,  at  a  right  angle;  or,  as  the  spermatic,  at  an  acute  angle.  An  artery  from 
which  a  branch  is  given  ofl^  is  smaller  in  size,  but  retains  a  uniform  diameter  until 
a  second  branch  is  deriv^ed  from  it.  A  branch  of  an  artery  is  smaller  thnu  the 
trunk  from  which  it  arises ;  but  if  an  /irtery  divides  into  two  branches,  the  com- 
bined area  of  the  two  vessels  is,  in  nearly  every  instance,  somewhat  greater  than 
that  of  the  trunk ;  and  the  combined  area  of  all  the  arterial  branches  greatly 
r^xceeds  the  area  of  the  aorta;  so  that  the  arteries  collectively  may  be  regarded 
|»8  a  cone,  the  apex  of  which  corresponds  to  the  aorta,  the  base  to  the  capillary 
system. 

The  arteries,  in  their  distribution,  communicate  freely  with  one  another,  form- 
ing what  is  called  an  anaitomosiM  (di^d,  between  ;  azofia,  mouth),  or  inosculation  ; 
and  this  couHuunication  is  very  free  between  the  large  as  well  as  between  the 
smaller  branches.  The  anastomosis  between  trunks  of  e*|ual  size  is  found  where 
great  freedom  and  activity  of  the  circulation  are  ret [ui site,  as  in  the  brain;  here 
the  two  vertebral  arteries  unite  to  form  the  basilar,  and  the  two  internal  carotid 
arteries  are  connected  by  a  short  communicating  trunk;  it  is  also  found  in  the 
abdomen,  the  intestinal  arteries  having  very  free  anastomoses  between  their  larger 
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branches.  In  the  limbs  the  anastomoses  are  most  frequent  and  of  largest  size 
around  the  joints^  the  branches  of  an  artery  above  freel\^  inosculating  with 
branches  from  the  vessels  below;  these  anastomoses  are  of  considerable  interest  to 
the  surgeon,  as  it  is  by  their  enlargement  that  vn^oUateral  cireuhjfiijn  i.s  established 
after  the  application  of  a  ligature  to  an  artery  for  the  cure  of  aneurism.  The 
smaller  branches  of  arteries  anastomose  more  frequently  than  the  larger,  and 
between  the  smallest  twigs  these  inosculations  become  st>  numerous  as  to  constitute 
u  close  network  that  pervades  nearly  every  tissue  of  the  body. 

Throughout  the  body  generally  the  larger  arterial  branches  pursue  a  perfectly 
straight  course,  but  in  certain  sitnations  they  are  tortuous;  thus,  the  facial  artery 
in  its  course  over  the  face,  arnl  the  arteries  of  the  lips,  are  extremely  tortuous  m 
their  course,  to  accommodate  themselves  to  the  movements  of  the  parts.  The 
uterine  arteries  are  also  tortuous,  to  accommodate  themselves  to  the  increase  of 
size  which  the  organ  undergoes  during  pregnancy.  Again/  the  internal  carotid 
and  vertebral  arteries,  previous  to  their  entering  the  cavity  of  the -skull,  describe 
a  series  of  curves,  which  are  evidently  intended  to  diminish  the  velocity  of  the 
current  of  blood  by  increasing  the  extent  of  surface  over  which  it  moves  and 
adding  to  the  amount  of  impediment  which  is  produced  by  friction. 

The  arteries  are  dense  in  structure,  of  considerable  strength,  highly  elastic, 
and,  when  divided,  they  preserve,  although  empty,  their  cylindrical  form. 

The  minute  structure  of  these  vessels  has  been  described  in  the  chapter  on 
Genenil  Anatomy. 

In  the  description  of  the  arteries  we  shall  first  consider  the  efferent  trunk  of 
the  pulmonic  circulation,  the  pulmonary  artery^  and  then  the  efferent  trunk  of  the 
systemic  circulation,  the  aorta  and  its  branches. 

THE  PUL3I0NARY  ARTERY  (Fig.  344). 

The  pulinonary  artery  conveys  the  venous  blood  from  the  right  side  of  the  heart 
to  the  lungs.  It  is  a  short,  wide  vessel,  about  two  inches  in  length,  arising  from 
the  left  side  of  the  base  of  the  right  ventricle,  in  front  of  the  aorta.  It  [lasses 
obliquely  upward  and  backward^  |>assing  at  first  in  front  of,  a!id  then  to  the  left 
of,  the  ascending  aorta  as  fiir  as  the  under  surface  of  the  transverse  aorta,  where 
it  divides  into  two  branches  of  ncurly  equal  si/c* — the  r/^/A Mind  left  pulmonartf 
arterie^^ 

Relations. — The  whole  of  this  vessel  is  contained,  together  with  the  ascending 
aorta,  in  the  pericardium,  being  enclosed  with  it  in  a  tube  of  serous  membrane, 
continued  upwsird  from  the  base  of  tlie  heart,  and  ha,**  attached  to  it*  above,  the 
fibrous  layer  of  the  memlmme.  Behind,  it  rests  at  first  upon  the  ascending 
aorta,  ancl  higher  up  lies  in  fnuit  of  the  left  Jiuriele.  (hi  each  side  of  its  origin 
is  the  appendix  of  the  corresponding  auricle  and  a  coronary  artery ;  and  higher 
up  it  passes  to  the  left  side  of  the  ascending  aorta. 

The  right  pulmonary  arteryi  hinger  and  larger  than  the  left,  pierces  the  peri- 
cardium and  runs  horizontally  outward,  behin<l  the  ascending  aorta  and  superior 
vena  cava,  to  the  root  of  the  right  lung,  where  it  divides  into  two  branches,  of 
which  the  lower,  which  is  the  smaller,  supplies  ihe  lower  lobe;  the  upper  supplies 
the  upper  lobe,  giving  a  bi*anch  to  the  middle  lube. 

The   left   pulmonary   artery »   shorter   and  somewhat  smaller  than  the  right, 
pierces  the  jjericardium  and  passes  horizontally  in  front  of  the  descending  aorta 
and  left  bronchus  to  the  root  of  the  left  lung,  where  it  divides  into  two  branches  ' 
for  the  two  lobes. 

The  root  of  the  left  pulmonary  artery  is  connected  to  the  under  surface  of  the 
arch  of  the  aorta  (transverse  aorta)  by  a  short  fibrous  cord,  the  remains  of  a  vesael 
peculiar  to  fi^etnl  life,  the  ductus  nrterioHUS, 

The  terminal  branches  of  the  pulmonary  artery  will  be  described  with  the 
anatomy  of  the  lung. 


I 


THE  AORTA. 


641 


TIIE  AORTA. 

The  aorta  (doprfj^  arteria  magna)  is  the  main  tronk  of  a  series  of  vessels  which 
convey  the  oxygenated  blood  to  every  part  of  the  body  for  its  nutrition.  This 
vessel  commences  at  the  upper  part  of  the  left  ventricle,  and,  after  ascending  for 
a  short  distance,  arches  backward  to  the  left  side,  over  the  root  of  the  left  lung, 
then  descends  within  the  tliorax  on  the  left  side  of  the  vertebral  column,  ptisses 
through  the  aortic  opening  in  the  Diaphragm,  and,  entering  the  abdominal  cavity, 
terminates,  considerably  diminished  in  size,  opposite  the  fourth  lumbar  vertebra. 
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Fig.  34&.— FUii  qX  the 
branches. 
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Ym.  344.— The  arch  of  the  aorta  and  its  branches. 


where  it  divides  into  the  right  and  left  common  iliac  arteries.  Hence  its  division 
into  the  ascending  aorta^  the  arch  of  the  aorta  or  transverse  aorta ^  and  the 
descending  aorta ^  which  last  is  again  divided  into  t/taracie  aorta  and  af/dommal 
aorta,  from  the  position  of  these  parts. 

THE  ASCENDING  AORTA. 

The  ascending  aorta  is  about  two  incht's  in  length.  It  commences  at  the 
ipper  jjart  uf  the  left  ventricle,  on  a  level  with  the  lower  border  of  the  third  costal 
eartilage  behind  the  left  half  of  the  sternum;  it  passes  itbliquely  upward,  forward, 


THE   ARTERIES, 

and  to  the  right  in  the  direction  of  the  heart's  axis,  as  high  as  the  upper  border  of 
the  second  right  costal  cartilage,  describing  a  8ligbt  curve  in  its  course,  and  being 
situated,  when  distended,  aboat  a  ijuarter  of  an  inch  behind  ttie  posterior  surface 
of  the  sternuiD,  A  little  above  its  commencement  it  is  somewhat  enlarged,  and 
presents  three  small  dilatations,  calleil  the  shuines  of  the  aorta  (sinuses  of 
Valsalva),  opposite  to  which  are  attachefl  the  three  serailimar  valves,  which  serve 
the  [mrpose  of  preventing  any  regurgitation  of  blood  into  the  cavity  of  the 
ventricle.  A  section  of  the  aorta  opposite  this  part  hits  a  somewhat  triangular  ' 
figure,  hut  below  the  attachment  of  the  valves  it  is  circular.  This  portion  of  the 
aorta  is  contained  in  the  cavity  of  the  pericardium,  and,  together  with  the  pul- 
monary artery,  is  invested  in  a  tube  of  serous  raembmne,  continued  on  to  them 
from  the  surface  of  the  heart. 

Relations. — The  ascending  aorta  is  co\^er€»d  at  its  commencement  by  the 
trunk  of  the  pulmonary  artery  and  the  right  auricular  appendix,  and,  higher  up,  ia 
separated  from  the  sternum  by  tlic  pericardium  over  which  lie: — the  right  pleura, 
and  anterior  margin  of  right  lung,  some  loose  areolar  tissue,  and  the  remains  of 
the  thyrausf  gland ;  behind^  it  rests  upon  the  right  pulmonary  artery  and  left 
auricle.  .  On  the  right  side  it  is  in  relation  with  the  superior  vena  cava  and  right 
auricle ;  on  the  left  side,,  with  the  main  pulmonary  artery. 

Plan  of  the  Relations  of  the  Ascending  Aorta. 
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Branches  of  the  Ascending  Aorta. 

The  only  branches  of  the  ascending  aorta  ar^  the  two  coronary  arteries. 
They  supply  the  heart,  and  are  two  in  number,  ri^ht  and  left^  arising  near  the 
commencement  of  the  aorta  immediately  above  the  free  margin  of  the  semilunar 
valves. 

TEE  CORONARy  AETEBIES. 

The  Right  Coronary  Artery,  about  the  size  vi'  a  crow's  quill,  arises  from  the 
aorta  inrmediately  above  the  free  margin  of  the  anterior  semilunar  valve.  It 
passes  forward  between  the  pulmonary  artery  and  the  right  auricular  appendix, 
then  runs  obliquely  to  the  ri^ht  side  in  the  groove  between  the  right  auricle  and 
ventricle,  and,  curving  around  the  right  border  of  the  heart,  runs  along  its  posterior 
surface  as  tar  as  the  posterior  interventricular  groove,  where  it  divides  into  two 
branches,  one  of  wliieh  (tranm'erst:')  continues  onward  in  the  groove  between  the 
left  auricle  and  ventriele^  and  anastomoses  with  the  left  coronary  ;  the  other  (fff- 
gcetuiint;)  descends  along  the  posterior  interventricular  furrow,  supplying  branches 
to  both  ventricles  and  to  the  septum,  and  anastomosing  at  the  apex  of  the  heart 
with  the  descending  branches  of  the  left  coronary. 

This  vessel  sends  a  large  branch  {maripnal)  along  the  thin  margin  of  the  right 
ventricle  to  the  apex,  and  numerous  small  branches  to  the  right  auricle  and  ven- 
tricle. an<l  the  commeueement  of  the  pulmonary  artery  {infundibular). 

The  Left  Coronary,  birger  than   tlie  former,  arises  immediately  above  the  free 
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of  the  left  posterior  serailunar  valve,  a  little  higher  than  the  right ;  it  passes 

forward  betweea  the  pulraonary  artery  and  the  left  auricular  appendix,  and  divides 
'into  two  branches.  Of  these,  one  {tranmH^r^e)  passes  transversely  outward  in  the 
left  auriculo-ventricnlar  groove,  and  winds  around  the  left  horderof  the  heart 
into  its  posterior  surface,  where  it  anastomoses  w^ith  the  transverse  branch  of  the 
right  coronary  ;  the  other  {descending)  descends  along  the  anterior  interventricu- 
lar groove  to  the  apex  of  the  hearty  where  it  anastomoses  with  the  descending 
branches  of  the  right  coronary.  The  left  coronary  supplies  the  left  auricle  and 
its  appendix,  both  ventricles,  and  numerous  small  branches  to  the  pulmonary 
artery,  and  commencement  of  the  aorta.* 

Pecaliarities^^These  vessels  occasioually  arise  by  a  common  trunks  or  their  number  may 
-be  hicreased  to  three,  the  additional  branch  Tbeing  of  small  size.  More  rarely,  there  are  two 
(.additional  branches. 

THE   ARCH  OF  THE  AORTA, 

The  arch,  or  transverse  aorta,  commences  at  the  upper  border  of  the  second 
chondro-sternal  articulation  of  the  right  side,  and  passes  from  right  to  left»  and 
from  before  backward,  to  the  left  side  of  the  lower  border  of  the  fourth  dorsal 
vertebra  behind.  Its  upper  border  is  usually  about  an  inch  below  the  upper  mar* 
gin  of  the  sternum, 

Eelations. — Its  anterior  iurface  is  covered  by  the  pleurae  and  lungs  and  the 
remains  of  the  thymus  gland,  and  crossed  toward  the  left  side  by  the  left  pneumo- 
gastric  and  phrenic  nerves  and  superior  cardiac  branches  of  the  left  sympathetic, 
and  by  the  left  superior  intercostal  vein.  1\^  posterior  surface  lies  on  the  trachea, 
just  above  its  bifurcation,  on  the  great,  nr  deep,  cardiac  plexus,  the  oesophagus, 
thoracic  duct,  and  left  recurrent  laryngeal  nerve.  Its  upper  border  is  in  relation 
with  the  left  innominate  vein,  and  trorn  its  upper  part  are  given  off  the  innom- 
inate, left  common  carotid,  and  left  suliclavian  arteries.  Its  hiver  border  is  in 
relation  with  the  bifurcation  of  the  pulmonai-y  artery,  the  remains  of  the  ductus 
arteriosus,  which  is  connected  with  the  left  division  of  that  vessel,  and  the  super- 
ficial cardiac  plexus;  the  left  recurrent  laryngeal  nerve  winds  round  it  from 
before  backward,  whilst  the  left  bronchus  passes  below  it. 


Plan  of  the  Relations  of  the  Arch  of  the  Aokta. 
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Peculiarities. —Hie  hei^'ht  to  wh((*h  the  aorta  rises  in  the  chest  is  usually  about  an  inch 
below  the  u|iper  iMjriler  of  the  sternuuj :   but  it  mny  ascend  nearly  to  the  top  of  that  lK:»ne. 
0<^casionally  it  is  found  an  ineh  and  a  hulf,  more  nirely  two  or  even  three  inches,  below  this 
piiint, 

^  According  to  Dr.  Samuel  West,  there  is  a  very  free  and  complete  anastomosis  lietween  the  two 
coronary  arterifs  j  Ijaneet^  June  2,  18s:^,  p,  945).  This,  however^  is  nf>t  the  view  generally  hi4d  by 
anatomiBL%forT  with  the  exception  of  the  anastomim'*  mentioned  ahove  in  thi*  auriciifn-ventnenlar  and 
interventricular  grooves,  it  is  believed  that  the  two  arteries  only  communicate  by  very  small  ve^ek 
m  the  substance  of  the  heart. 
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In  DirectioB. — Sometimes  tbe  aorta  arches  oyer  the  root  of  tlie  ri^lit  instead  of  tltc  left 
lung,  lu*  in  binls,  and  pusses  down  on  tlie  ri^ht  side  of  tlie  spine,  ^  In  8ueh  ejisea  all  of  the 
viscera  of  til c  llmnicie  and  aljduininai  eavi ties  are  traasposed.  Lei?^  frequently,  the  mrhv,  iifter 
archin^^  over  the  lYKit  of  the  right  lung,  is  directed  to  \i&  usual  poaitton  <ni  the  left  side  of  the 
spine,  this  j^eiuliarity  not  \m\\g  aeeompanied  hy  any  transposition  of  the  vkseera. 

In  Oonfomiation. — The  aorta  oeciisionally  divides^  aa  in  some  quadrupetls,  into  an  ascend- 
ing and  descending  tmnk,  the  ibraier  of  whieh  is  directed  vertically  tip  ward,  and  suhdividea 
into  three  branelies,  to  supjjly  the  head  and  upjwr  extremities.  Sonjetimew  the  aorta  sulxlividea 
mQW  after  its  ori^n  into  two  branehes,  which  soon  reunite.  In  one  of  these  cases  the  cesophagus 
and  tmchea  were  foimd  to  pass  through  the  interval  left  hy  their  division  ;  this  is  the  normal 
conditio  HI  of  tlie  vestiel  in  the  reptiha. 

Smgical  Anatomy,— Of  all  the  vessels  of  the  arterial  system^  the  aorta,  and  more  espe- 
cially its  arrh,  is  most  frequently  the  seat  of  drsease ;  hence  it  is  important  to  consider  some  of 
the  conseqncnees  that  may  ensnc  from  aneurism  of  this  part. 

It  will  be  reraemlM'red  that  the  ascend ins^  a<jrtii  is  contained  in  the  pe ri card iutn  Just  hehind 
the  Bternum,  Iwnng  crossed  at  its  commencement  by  the  pulmonary  artery  and  right  auricular 
appendix,  and  having  the  root  of  the  right  lung  behind,  the  vena  cava  on  the  right  side^  and 
the  puhiionary  artery  and  letl  auricle  on  the  left  side. 

Aneurism  of  the  ascending  aortii,  in  the  situation  of  the  aortic  sinuses,  in  the  great  majority  ' 
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Fro.  346.— Relation  of  ^rcat  vessels  at  base  of  ticftrt,  seen  ftom  above.    (From  a  preparation  in  the  Museum 
of  tbt!  Hoyal  College  of  Surgeons.) 

of  cases,  affects  the  right  anterior  sinus ;  this  is  mainly  owini^'  to  the  fact  that  the  regurgitation 
of  Wood  upon  the  sinuses  takes  place  chiefly  on  the  right  anterior  inspect  of  the  vessel.  As  t  he 
aneurismal  sac  enlarges  it  may  eomjjress  any  or  all  of  the  str\ictures  in  iinmediate  proximity  with 
it,  but  chiefly  projects  toward  the  right  anterior  side,  and,  eonsetiuently,  intcrferL's  mainly  with 
those  structures  that  have  a  corresponding  relation  with  the  vessel  In  the  majority  of  cases  it 
bursts  into  the  cavity  of  the  periciirdium,  the  patient  suddenlv  drops  down  dca4l,  and,  upon  a 
post-mortem  examination,  the  pericardial  Siie  is  found  full  o!  blood;  or  it  may  compre^  the 
right  auricle,  or  the  palmunary  arter>%  and  adjoining  ])art  of  the  right  ventricU,'^  and  open  into 
one  or  the  other  of  these  partsT  or  may  press  upon  the  superior  vena  cava. 

Aneurism  of  the  ascending  aorta,  originating  above  the  sinuses,  most  freciuently  implicatea 
the  right  anterior  wall  of  Uie  vessel ;  this  ts  probably  mainly  owing  to  the  bloojl  being  impelled 
against  tins  part.  The  dhnectlon  of  the  aneurism  is  als^j  cliicfly  lowanl  the  right  of  the  median 
hue.  If'  it  attains  a  large  size  and  projects  forward,  it  may  alisorb  the  sternum  and  the  ciirtilagea 
of  the  ribs,  usually  on  the  right  side,  ami  appear  as  a  pulsating  tumor  uu  the  front  of  the  chest, 
juflt  below  the  manubrium  ;  or  it  may  burst  intt>  the  pericardium,  or  may  ctmi press  or  open  into 
tne  light  lung,  the  trat'lit-a,  bninchi.  or  nosophagus, 

Regarding  the  transverse  aorta,  the  student  is  reminded  that  the  vessel  lies  on  the  trachea, 
the  oesophsigus,  and  thoracic  duct ;  that  the  recurrent  laryngeal  nerve  winds  around  it ;  and  that 
from  its  up|M>r  part  are  given  oflf  three  large  trunks,  which  supply  the  head,  neck,  and  upper 
extremities-.  Now,  an  aneurismal  tumc^r>  takinc  origin  from  t!ie  posterior  i»art  or  right  aspect  of 
the  vessel  its  most  usual  silc,  may  pri.'ss  u|Km  the  trachea,  im|>ede  the  breathing,  or  protluce 
cough,  hcemontysis,  or  stridulous  breathing*,  or  it  may  ultimately  bnrst  into  tliat  tul>e,  producing 
fatal  haemorriiage.  Again,  its  pressure  on  the  laryngeal  nerves  may  give  rise  to  syni]itoms  whicE 
SO  accurately  resemble  those  td'  laryngitis  that  the  o|Hfration  of  tracheotomy  has  In  some  t 
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t  iTsorted  to,  from  the  supposition  that  disease  existed  in  the  latynx  ;  or  it  may  press  ui>on 
the  thoracic  duct,  jind  destnty  life  by  iniinitioti ;  or  it  Tjiay  involve  the  fesoph:iinis.  produeing 
dyspha|t?ia ;  or  may  burst  iuio  the  ae^iphariis,  wtieti  fatal  haemorrhage  will  iwH'ur,  A^:ain*  the 
lunomiDate  artery,  or  the  suheluvian,  or  lel't  cni\»tid,  iiiay  Ix?  so  obstructed  \\s  clots  as  to  pruduce 
a  weakness,  or  even  a  disai>t>ear4r»ce,  of  the  jMdjse  m  oue  or  tlie  nther  wrist  nx  m  the  let\  tein* 
poral  artery ;  or  the  tumor  may  iire^cnt  itt^'lt'  at  or  above  the  maijubrimo,  generally  either  in  the 
mediau  line  or  to  the  right  ot^tlie  titenium,  and  may  simulate  an  aneurism  of  one  of  tlio  arteries 
of  the  neek. 


Branches  of  thk  Ancii  of  the  Aorta  (Figs.  344,  345). 

The  branches  given  off  from  the  arch  of  the  aorta  are  three  in  number  :  the 
innominate  artery,  the  left  common  carotid,  ami  the  left  subclavian. 

Peculiarities.— Position  of  tlie  Braaches.— The  branches,  instead  of  arising  from  the  hti^h 
est  part  of  the  arch  it  heir  uftiial  position),  may  be  moved  more  to  the  rigrht,  arisinc:  from  the 
commencement  of  the  irauKVei^ic  or  upper  part  of  the  ftscendiiig:  portion  :  or  the  distaneit  fi*om 
one  another  at  their  origin  may  be  increased  or  diminished,  the  most  frequent  change  in  this 
respet't  bein/^  the  approximation  of  the  left  carotid  towanl  the  itmominate  arter>\ 

Tk^  Numhrr  of  the  primary  branches  may  be  reduced  to  two:  the  lelt  camtid  arising  from 
the  innou;inate  arter\\  or  (nutre  mrelvi  tlie  eanitid  and  subclavian  arteries  of  the  left  side  aris- 
ing from  a  left  innomiriate  artery.  But  the  number  may  he  increased  to  four,  from  the  riKht 
carotid  and  aubdavian  arteries  arising  dirn'tly  from  the  aorta,  the  innoniinate  beinir  absent.  In 
moat  of  thi^se  latter  eases  the  ri^ht  suhelavian  has  been  found  to  arise  Irom  the  kdl  end  of  the 
arch  ;  in  otber  cases  if  was  the  second  or  third  branch  iiiven  off  instead  of  the  first.  Lastly,  the 
mtmber  of  trunks  from  the  andi  may  be  incn^iLsed  to  five  or  six ;  in  these  instances  the  extermd 
and  iutenial  carotids  arise  separately  from  I  be  arch,  the  common  carotid  being  absent  on  one  or 
txjtli  sides. 

Number  Usual,  Arrangenient  Different.— T\Tien  the  aorta  arches  oyer  to  the  right  side, 
the  three  liranches  have  nn  arranLTcment  the  reverse  i>f  what  is  usual,  tbt^  innominate  supplying 
the  left  Side,  and  the  carotid  and  sulx'lavian  (which  arise  M^parjjtely)  the  ri^ht  side.  In  other 
miscs,  where  the  aorta  takas  its  usual  course,  the  two  carotids  may  be  jointed  in  a  common  tjunk, 
and  tiir  subelavians  arise  separately  from  the  arch,  the  right  sulK'lavian  gcnenilly  arising  from 
the  kft  cod  of  the  andi. 

SecoEdary  Branches  sometimes  arise  from  tlie  arch;  most  commonly  such  a  secondary 
hmneh  is  tlie  left  vertebral,  which  nsnally  takes  origin  between  the  left  carotid  and  kd't  suhela- 
vian, or  beyond  them.  Sometimes,  a  thyroid  branch  is  derived  Ironi  the  arch,  or  the  right 
internal  mammary,  or  right  vertebral,  or,  more  rarely,  both  vertebral,* 

THE  INKOMmATE  AETEEY. 
The  innoininate  artery  (bratsliio-ceplialic)  is  the  largest  bt^nch  given  off  from 
the  arch  of  the  aorta.  It  arises  oppo,site  the  fourth  dorsal  vertebra  from  the 
commencement  of  the  arch  of  the  aorta  in  front  of  the  left  carotid,  and,  ascending 
obliquely  to  the  upper  border  of  the  right  stenio-clavicular  articttlation,  divides 
into  the  right  common  carotid  antl  right  subclavian  arteries.  This  vessel  varies 
from  un  inch  and  a  half  to  two  inches  in  length. 

Relatioas, — In  frottf,  it  is  separated  from  tlie  first  bone  of  the  sternum  by  the 
Sterno'hyoid  and  Sterno-thyroid  muscles,  the  remains  of  the  thymus  gland,  the 
left  innominate  and  right  inferior  thyroid  veins  which  cross  its  root,  and  some- 
times the  inferior  cervical  cardiac  branch  of  the  right  pnenmogastric*  Behmd,  it 
lies  upon  the  trachea,  which  it  crosseni  oblit|uely.  On  the  right  mie  is  the  right 
innominate  vein,  right  pneumogastric  nerve,  and  the  pleui^a ;  and  on  the  left  sith^ 
the  remains  of  the  thymus  gland,  the  origin  of  the  left  carotid  artery^  the  left 
inferior  thyroid  vein,  and  the  trachea- 
Branches. — The  innominate  usually  gives  off  no  branches,  but  occasionally  a 
small  branch,  the  thf/roidt'a  itrnt^  is  given  off  from  this  vessel.  It  also  sometimes 
gives  off  a  thfmic  or  brrmt^hml  imitirk.  The  Thyroidea  ima  a,^cends  in  front  of 
the  trachea  to  the  lower  part  of  the  thyroid  body,  which  it  supplies.  It  varies 
greatly  in  size,  atid  appears  to  compensate  for  deficiency  or  absence  of  one  of  the 
other  thynnd  vessels.  It  occasionally  is  found  to  arise  from  the  subclavian  or 
internal  mammary  vessel. 

*  The  anomalies  of  the  aorta  and  lU  branches  are  minutely  described  by  Kr&use  in  HenWs 
Anaimnjf  (Brunswick,  1668),  toL  iii.  p,  203  ct  »cq. 
35 
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Plan  of  the  Relations  of  the  Innominate  Artery, 

In  front. 
Styeruum. 
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Le  f V  inn  om  i  r j  ate  a  n  d  ri  l'  h  t  i  n  fe rior  t  h  y roid  veins. 
Inferidr  lervieal  rardiae  branch  from  right  lineimTOgagtric  nerve* 


Rigid  skte. 
Ri^'ht  innominate  vein. 
Right  pneumogaiitric  nen^e. 
Pleura. 


Left  side. 
lanozntiaie    )  Remains  of  th\Tnus. 

^^^'"       I  Left  carotid. 

Left  inferior  thyroid  vein, 
Tracliea. 

Behind, 
Tnichea. 

Peculiarities  in  Point  of  Di vision.— Who n  tlie  bifrircation  of  the*  innominate  artery  variea 
from  the  puint  tihove  nientiuned.  it  i^jtneiinies  aseends  a  eunsiderabk'  distance  above  tlie  sternal 
end  of  the  clavicle  ;  lesgt  frequently  it  divides  Udow  it  In  the  former  class  of  caries  its  IcnjEth 
may  exceed  two  inches,  and  m  the  latter  i>e  reduced  to  an  inch  or  less.  These  are  f>oin(s  of  con- 
siden^ble  interest  for  the  surgeon  toremenjlier  in  eoiuKH'tion  with  the  openition  of  tying  this  vessel 
Position. — When  the  aorta  arcliew  over  to  the  right  side,  the  innominate  is  directed  to  the 
lefl  side  of  the  neck  instead  uf  the  right. 

Collateral  Circulation, — Allan  Bums  demonstrated,  on  the  dead  subject,  the  possibility  of 
the  eatayiiihment  of  the  e^jllateral  circulation  after  ligatitR^  of  the  innomiimte  artery*  by  tying 

(mad  dividing  that  artery^  after  which,  be  says,  ^'  Even  coarse  injen^tion,  imjielled  into  the  aorta, 
passing  frt'cly  by  the  ana.-^rriiiinsing  branches  into  tlie  arteries  of  the  right  arm,  filling  them  and 
all  the  ve.^.'^els  of  the  hv\\\\  ^  niDiilulciy  '  {Surgiad  Anfttomt/ of  th*:  Hemi  and  jXeck,  ]k  6-). 
The  brvinehcs  by  which  this  eireLiliitioM  woidd  Ist^  carried  on  are  very  nnmerons;  thus,  all  the 
CO m m an i cations  across  the  middle  line  lictween  the  branches  of  (he  carotid  arteries  of  opposite 
sides  would  be  available  for  the  supply  of  blood  to  the  right  side  of  the  liead  and  neck  ;  while 
the  anastomosis  Ixnween  tiic  superior  intercostal  of  the  snlndavian  and  the  first  at»rtic  interet^stiil 
(s*ee  infra  on  the  coll  ate  ml  cirt*n]ation  alter  obliteration  of  the  thoracic  aorta)  would  bring  the 

i-blood^  by  a  free  and  dirftot  course,  into  the  right  sulH-"laviim  :  the  numerous  cffimections,  also, 

•^ between  the  intenxifital  arteries  and  the  branclves  of  the  axillarv'  and  internal  inaumiar>^  arteries 
would,  doubtless,  assist  in  the  supjdy  uf  l>lood  to  the  right  arm,  while  the  epigastric.  fn>m  the 
external  iliac,  would,  liy  means  of  its  anastomt^sis  with  the  internal  mamnuiry,  compensate  for 
any  dehciuncy  in  the  vascularity  of  die  wall  of  the  chest. 

Surgical  Anatomy,— Althuugh  tlie  operation  of  tying  the  innominate  artery  has  been 
performed  by  seveml  surgeons  for  aneurism  of  the  right  sulx-lavian  extending  inward  as  far  ns 
the  Scalenus,  in  only  two  instances  has  the  patient  survived.^  Mott's  patient,  however,  on  whom 
the  operation  was  first  mTformed,  lived  nearlv  four  weeks,  and  Gniete's  mtire  tlian  two  months. 
The  main  obstacles  in  the  ojieration  are,  as  tlie  student  will  perceive  fk3m  Ids  dissection  of  this 
yesseb  the  deep  situatitm  of  the  artery  behind  and  beneath  the  sternum  and  the  immber  of 
important  structures  which  surround  it  in  every  part. 

In  order  to  i»|iply  a  ligature  to  this  yessi^l,  the  patient  is  to  be  placed  ui>on  his  back,  with  the 
thorax  slightly  raised,  the  bead  k^nt  a  little  backward,  and  the  shoulder  on  the  siile  id' the  aneu- 

'  lism  strongly  depressed,  s()  iLS  to  dravv  out  the  artery  i'roni  beliind  the  sternum  into  the  neck. 
An  incision  three  or  more  inches  long  is  then  made  along  the  anterior  bonier  of  the  Sterno-mas- 
toid  muscle,  terminating  at  the  sternal  end  of  the  clavicle.  From  this  iwiint  a  second  incision  is 
carried  ab<iut  the  same  length  along  tlie  upper  burder  uf  the  clavicle.  The  skin  is  tlR^n  dissectcil 
back,  and  the  Plaiysma  divided  on  a  direcl<>r :  the  sternal  enil  of  the  Sterno-mastoid  is  now 
brought  into  view,  and,  a  rlirector  being  passcil  l>eneath  it  and  close  toils  under  surface,  so  as  to 
ftvoifi  any  small  vt^ssels^  it  is  to  he  dividetl ;  in  like  manner  the  clavicular  origin  is  to  he  divided 
throughout  the  whole  or  greater  part  of  its  attachment.  By  pressing  aside  any  I iHis>e  cellular 
tissue  or  vessels  that  may  now  appe-ar  the  Stenio-hyoid  and  *Sterno-thyn>id  musi^les  will  be 
exposed,  and  must  be  divided,  a  directiir  being  previously  passed  beneath  them.  The  interior 
thyroid  veins  may  come  into  view,  and  must  be  earerully  drawn,  either  ujiward  or  downward,  by 
means  of  a  blunt  hook,  or  tied  with  double  ligatures  and  divided.  After  tearing  through  a 
strong  filiro-iellular  lamina,  the  right  carotid  is  brought  into  view,  and,  being  traced  downward, 
the  arteria  innominata  is  arrived  ut.  The  lett  innominate  vein  should  now  be  depressed  :  the 
right  innominate  vein,  the  internal  jugular  vein,  and  I  be  pncumogaslrie  nerve  drawn  to  tlie  right 
side ;  and  a  curved  aneurism  needle  may  then  he  passed  around  the  vessel,  close  to  its  surface. 
and  in  a  direction  from  below  upward  and  inward,  «;are  l>eing  taken  to  avoid  the  right  pleural 
sac,  the  trachea,  and  canliac  nerves.  The  ligature  should  be  applied  to  the  arter}^  as  high  as 
possiblcT  in  onler  to  allow  ruom  between  it  and  the  aorta  for  the  foranitinn  of  the  coagulum. 

*  In  one  of  these  the  operaiirin  was  performed  by  Dr,  Smyth  uf  New  Orleans.  See  the  New 
Bydenham  S<>rietv'H  Bknntt^i  RrttnA^Kd  for  18fio-0|  p.  S4*i.  In  the  oilier,  the  n(H?ratinn  was  [»erfonMed 
by  Dr,  Mitchell  llanke  in  the  Liverpool  Intirmaiy.  The  case  U  recorded  hy  Mr,  Jacobson  in  Qp&*' 
Qiiofii  of  Surf^tff  p,  5!i0. 
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The  importance  of  avoid inja:  the  thyroid  plexus  of  yeins  thirtnir  the  priiiiary  steps  of  the  opera- 
tioT»,  and  the  pleural  sac  whilst  including  the  vessi4  in  the  Itijatiire,  should  he  most  carefully 
htirne  in  mirni.  T lie  most  fre«|uent  cause  of  dcatli  after  operatiou  i^  secundarj'  ba?morrhage, 
whicli  hai)  occurred  in  aluioiit  every  case.  Other  causes  are  pleurisy,  pericarditis,  aod  suppura- 
tive oellulitijj. 

THE  OOMMON  CAEOTID  ABTERIES. 

The  common  carotid  arteries,  although  occupy iog  a  nearly  .similar  jwsition  in 
the  Deck,  difl'er  in  position,  and,  constM[iientl>%  in  their  ridation  at  their  origin 
The  right  earotid  arises  fn>m  the  innominate  artery,  behind  the  right  sterno- 
clavicular articulation  ;  the  left  from  the  highest  part  of  the  arch  of  the  aorta. 
The  left  carotid  is^  consetjuently,  longer,  and  at  its  origin  is  contained  within  the 
thorax.  The  course  and  relations  of  that  portion  of  the  left  carotid  which  inter- 
venes between  the  arch  of  the  aorta  and  the  left  sterno-clavicular  articulation  will 
first  be  described  {see  Fig.  344). 

The  left  carotid  within  the  thorax  ascends  obliquely  outward  from  the  arch  of 
the  aorta  to  the  root  of  the  neck»  In  front,  it  is  separated  from  the  first  piece  <jf 
the  sternum  by  the  Sterno-hynid  and  SterncHthyroid  niiiseles,  the  left  innominate 
vein,  and  the  remains  of  the  thymus  gland ;  l>ehind,  it  lies  on  the  trachea,  ceaoph- 
agus,  and  thoracic  duct.  Intermtlhf,  it  is  in  relation  with  the  innominate 
artery,  inferior  thyroid  veins  and  remains  of  thymus  gland ;  ejieniallt/,  with  the 
left  pneumogastric  nerve,  left  pleura,  and  lung.  The  left  Bubclavian  artery  is 
posterior  and  external  to  it. 

Plan  of  the  Relations  of  the  Left  Common  Carotid. 
Thoracic  Portion. 

In  frojii. 

Stern  II -hyoid  and  St  em  o- thyroid  muscles. 
Left  innominate  vein. 
Kemains  of  thymus  glaod. 


luUrmtlhj. 

Innominate  artery. 
Inferior  thyroid  veins. 
Remains  of  thymus  gland. 


Extemalh/. 

Left  pncumoga'itrio  nerve. 
Let!  pleura  and  lung, 
Letl  Bubclavian  artery. 


Behind, 

Trachea. 
(Esuphagus, 
Thoracic  duet. 

In  the  neck  the  two  common  carotids  resemble  each  other  so  closely  that  one 
description  will  apply  to  both.  Each  vessel  passes  obliquely  upward  from  behind 
the  sterno-clavicular  articulation  lo  a  level  with  the  upper  border  of  the  thvroid 
cartilage,  opposite  the  third  cervical  vertebra,  where  it  divides  into  the  external 
and  internal  carotid;  these  names  being  derived  from  the  distribution  of  the 
arteries  to  the  external  parts  of  the  head  and  face  and  to  the  internal  parts  of  the 
cranium  and  orbit  respectively. 

At  the  lower  part  of  the  neck  the  two  common  carotid  arteries  are  separated 
from  each  other  by  a  small  interval,  which  contains  the  trachea ;  but  at  the  upper 
part,  the  thyroid  body,  the  larynx  and  pharynx  project  forward  between  the 
two  vessels,  and  give  the  appearance  of  their  being  placed  farther  hack  in  that 
situation.  The  common  carotid  artery  is  contained  in  a  sheath  derived  from  the 
decfi  cervical  fascia,  which  also  encloses  the  internal  jugular  vein  and  jmeumo- 
gastric  nerve,  the  vein  lying  on  the  outer  side  of  the  artery,  and  the  nerve  between 
the  artery  and  vein,  on  a  plane  posterior  to  both.  On  opening  the  sheath  these 
three  structures  are  seen  to  be  separated  from  one  another,  each  being  enclosed  in 
a  separate  fibrous  investment. 

Relations. — At  the  lower  part  of  the  neck  the  common  carotid  artery  is  very 
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deeply  seated,  being  covered  by  the  integument,  superficial  fascia,  Platystna,  and 
deep  cervical  fa.Hcia,  the  Sterno-mastoid,  Sterno-hyoid,  and  Sterno-thyroid  muscles, 
and  by  the  Umo-hyuid»  opposite  the  cricoid  cartilage  ;  but  in  the  iipiier  part  of  its 
ciurse,  near  its  termination,  it  is  more  superficial,  being  covered  merely  by  the 
integument,  thesnperticial  fascia,  Platysma,  deep  cervieal  fascia,  and  inner  margin 
of  the  Sterno-mastoid,  and  is  contained  in  a  triangular  space,  bounded  behind  by 
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FiQ.  347.— Surgical  amitomy  of  ti.t  . 


m;  ihi«  neck.    Eight  aide. 


the  Stemo-mastoid,  above  by  the  posterior  belly  of  the  Digastric,  and  below  by 
the  anterior  belly  of  the  Urao-hyoid.  This  part  of  the  artery  is  crossed  oblit|ueIy, 
from  within  outward,  by  the  sterno-mastoid  artery;  it  is  crossed  also  by  one.  or 
sometimes  two  superior  thyroid  veins,  which  terminate  in  the  internal  jugular; 
and,  descending  on  its  sheath  in  front,  is  seen  the  descendens  bypoglossi  nerve, 
this  filament  beinti;  joined  by  one  or  two  branches  from  the  cervical  nerves,  which 
cross  the  ve^ssel  from  without  inward.  Sometimes  the  descendens  hypoglossi  is 
contained  within  the  sheath.     The  middle  thyroid  vein  crosses  the  artery  about 
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its  middle,  and  the  anterior  jugular  vein  below.  Behind^  the  artery  lies  in  front 
of  the  cervical  portion  of  the  spine,  resting  first  on  the  Longus  colli  muscle,  then 
on  the  Rectus  capitis  anticus  major,  from  which  it  is  separated  by  the  sympathetic 
nerve.  The  recurrent  laryngeal  nerve  and  inferior  thyroid  artery  cross  behind  the 
vessel  at  its  lower  part.  Internally,  it  is  in  relation  with  the  trachea  and  thyroid 
gland,  the  inferior  thyroid  artery  and  recurrent  laryngeal  nerve  being  interposed : 
higher  up,  with  the  larynx  and  pharynx.  On  its  outer  side  are  placed  the  internal 
jugular  vein  and  pneumogastric  nerve 

At  the  lower  part  of  the  neck  the  internal  jugular  vein  on  the  right  side 
diverges  from  the  artery,  but  on  the  left  side  it  approaches  it,  and  often  crosses 
its  lower  part.  This  is  an  important  fact  to  bear  in  mind  during  the  performance 
of  any  operation  on  the  lower  part  of  the  left  common  carotid  artery. 

Plan  of  the  Relations  of  the  Common  Carotid  Artery. 

IhUernaUi/, 
Integument,  and  superficial  fiiscia. 
Deep  cervical  fascia. 
Platysma. 

Sterno-mastoid.  ,^^  Internally. 

Sterno-hyoid.  y^     ^\  Trachea. 

Stemo-th>Toid.  /  \         Thyroid  gland. 

Omo-byoid.  S"^2°  Recurrent  laryngeal  nerve. 

Descendens  and  Comniunicans  hv-        I      uaroud.      i         Inferior  thyroid  artery, 
poglossi  nerves.  \  /         Larynx. 

Stemo-mastoid  artery.  ^^ -^  Pharynx. 

Superior  and  middle  thyroid  veins. 
Anterior  jugular  vein. 
Internal  jugular  vein. 
Pneumogastric  nerve. 

Behind. 
Longus  colli.  Sympathetic  nerve. 

Rectus  capitis  anticus  major.  Inferior  thjToid  artery. 

Recurrent  laryngeal  nerve. 

Peculiarities  as  to  Origin. — ^The  riffht  common  carotid  may  arise  above  or  below  its  usual 
point,  the  upper  border  of  the  stemo-clavicular  articulation.  This  variation  occurs  in  one  out  of 
about  eight  cases  and  a  half,  and  the  origin  is  more  frequently  above  than  below  the  usual  point ; 
or  the  artery  may  arise  as  a  separate  branch  from  the  arch  of  the  aorta  or  in  coivjunction  with  the 
left  carotid.  The  left  common  carotid  varies  more  frequently  in  its  origin  than  the  right.  In 
the  majority  of  abnormal  cases  it  arises  with  the  innominate  artery,  or,  if  the  innominate  artery 
is  absent,  the  two  carotids  arise  usually  by  a  single  trunk.  The  left  carotid  is  occasionally  the 
first  branch  given  oflf  from  the  arch  of  the  aorta.  It  rarely  joins  with  the  left  subclavian,  except 
in  cases  of  transposition  of  the  arch. 

Peculiarities  as  to  Point  of  Division. — The  most  important  peculiarities  of  this  vessel 
in  a  surgical  point  of  view,  relate  to  its  place  of  division  in  the  neck.  In  the  majority  oi 
abnormal  cases  this  occurs  higher  than  usual,  the  artery  dividing  into  two  branches  opposite 
the  hyoid  bone,  or  even  higher;  more  rarely,  it  occurs  below  its  usual  place,  opposite  the 
middle  of  the  larynx  or  the  lower  border  of  the  cricoid  cartilage;  and  one  case  is  related  by 
Morgagni  where  the  common  carotid,  only  an  inch  and  a  half  in  length,  divided  at  the  root  of 
the  neck.  Very  rarely  the  common  carotid  ascends  in  the  neck  without  any  subdivision,  the 
internal  carotid  being  wanting ;  and  in  a  few  cases  the  common  carotid  has  been  found  to  be 
absent,  the  external  and  internal  carotids  arising  directly  from  the  arch  of  the  aorta.  Tliis 
peculiarity  existed  on  both  sides  in  some  instances,  on  one  side  in  others. 

Occasional  Branches. — ^Thc  common  carotid  usually  gives  off  no  branch  previous  to  its 
bifurcation ;  but  it  occasionally  gives  origin  to  the  superior  thyroid  or  its  lar}7igeal  branch,  the 
inferior  thyroid,  or,  more  rarely,  the  vertebral  artery. 

Surface  Marking. — The  carotid  arteries  are  overlapped  throughout  their  entire  extent  by 
the  anterior  border  of  the  Stemo-mastoid  muscle,  but  their  course  does  not  correspond  to  the 
border  of  the  muscle,  which  msses  in  a  somewhat  curved  direction  from  the  mastoid  process  to 
the  stemo-clavicular  joint  The  course  of  the  artery  is  indicated  more  exactly  by  a  line  drawn 
from  the  sternal  end  of  the  clavicle  below,  to  a  point  midway  between  the  angle  of  the  jaw  and 
the  mastoid  process  above.  That  portion  of  the  line  below  the  l«vel  of*  the  upper  border  of  the 
thyroid  cartilage  would  represent  tne  course  of  the  vessel. 

Surgic^  Anatomy. — The  operation  of  tying  the  common  carotid  artery  may  be  necessarv 
in  a  case  of  wound  of  that  vessel  or  its  branches,  in  aneurism,  or  in  a  case  of  pulsating  tumor  of 
the  orbit  or  skull.  If  the  wound  involves  the  trunk  of  the  common  carotid^  it  will  be  necessary 
to  tie  the  artery  above  and  below  the  wounded  part.     But  in  cases  of  aneunsm,  or  where  one  of 
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the  branches  of  the  common  carotid  is  wouikW  in  an  iiiaccesaible  situation,  it  may  be  judged 
neoessajr>*  to  tie  the  trunk.  In  .such  eases  the  whole  «>t*  the  artery  is  accc^isibte,  and  any  patrt  may 
be  tied  except  chtse  to  either  end.  Wljen  the  L'a;se  b  sueh  as  to  alktw  of  a,  choice  bein^  made, 
the  lower  part  of  the  carotid  should  neser  be  selected  as  the  Hfiot  n\tm\  whieh  to  place  a  ligature, 
for  rjol  only  i»  the  arteiy  in  ibis  situation  plawd  very  deeply  in  the  neek*  but  it  is  covered' 
bv  three  layers  of  muiifles.  and,  on  the  left  side,  the  internal  jugular  vein,  in  the  great  majority 
at  casBfi,  passes  obliijuely  in  front  of  it.  Neither  should  the  upper  end  l)e  selected,  for  here  the 
superior  thyroid  vetii  and  it8  trihutariei*  would  >rive  rise  to  verj'  considerable  diffieulty  in  the 
application  of  a  ligature.  The  point  most  i'livorable  for  the  oj>eration  is  that  part  of  the  vessel 
which  is  at  the  level  «»f  the  cricoid  cart ila^'e.  It  w^casionaily  happens  that  the  carotid 
artery  bifurcates  below  its  usual  tHJsition:  if  the  artery  be  exiK)Sed  at  its  point  of  bifiircatit^n, 
both  divisions  of  the  vessel  should  be  tied  near  their  origin,  in  preference  to  tyinp^  the  trunk 
of  the  artery  near  it«  termination  ;  and  if  in  conse<juence  of  the  entire  absence  of  the  common 
cart*ud  or  from  its  eaHy  division,  two  arteries,  the  external  and  internal  carotids,  are  met  with^ 
the  h^ature  should  be  placed  on  that  vessel  which  lii  found  on  compression  to  be  connected  with 
the  (baease. 

In  this  operation  the  direction  of  the  vessel  and  the  inner  margin  of  the  Stemo-mastoid  are 
the  chief  guides  to  its  jwrformance.  The  patient  should  be  placed  on  bis  back  wiib  rhe  head^ 
thrown  back  and  turned  islightly  to  the  opposite  side :  an  incision  is  to  be  made,  three  inches 
long,  in  the  direction  of  the  anterior  borrler  of  the  Sterno-mastoidT  ao  that  the  centre  oorrespooda 
to  the  level  of  the  cricoid  cartilage:  after  dividing  the  integuments  BUfserticial  fadciat  and 
Platysma,  the  deep  fascia  must  he  cut  through  on  a  director^  so  as  to  avoid  wounding 
numerous  small  veins  that  are  usually  found  beneath,  Tlie  head  may  thjw  he  brought  forward 
80  ajB  to  relax  the  parts  somewhat,  and  the  margins  of  the  wound  held  asunder  by  retnictors. 
The  deftcerjdens  hyt>oglo?isi  nerve  may  now  be  exposed » and  must  be  avoided,  and,  the  sheath  of 
the  Teasel  having  been  raised  by  forceps,  is  to  be  opened  to  a  small  extent  over  the  iirtery  at  its 
inner  side*  The  internal  jugular  vein  may  present  itself  alternately  distended  and  relaxed  ;  this 
should  be  compressed  l>otn  above  and  Indow,  and  drawn  outward*  in  order  to  facilitate  the  ooera* 
tion.  The  aneurism  needle  is  i)asst!d  from  the  outside,  care  t>eing  taken  to  keep  the  needle  in 
close  contitct  with  the  artery,  and  thus  avoid  the  risk  of  in) unng  the  internal  juL'ular  vein  or 
including  the  vagus  nerve.  Before  the  ligature  is  tied  it  should  be  ascertained  tliat  nothing  but 
the  artery  is  ineludeil  in  it. 

ligature  of  the  Common  Carotid  at  the  Lower  Part  of  the  Neck.— I'his  oj>eration  is 
sometimes  required  in  cases  of  tihi'uri.sm  of  the  ni>pcr  part  of  the  carotid,  cspecitdiy  if  the  sac  is 
of  large  size.  It  is  best  performed  bv  dividing  the  sternal  oriirin  of  the  Sternin mastoid  tnnscle, 
hut  may  be  done  in  some  cases,  if  the  aneurism  is  not  of  very  large  sixe,  bv  an  ineisioa 
along  the  anterior  border  of  tlie  Stemo-mastoid,  extending  down  to  the  stenio-clavuHilar  artieula* 
tion,  and  by  then  retnicting  the  muscle.  The  eiu^iest  and  best  plan,  liowever,  is  to  make  an 
incision  two  or  three  inches  long  down  the  lower  jiart  of  the  anterior  bi>rder  of  the  Sterno- 
mastoid  muscle  tti  tliesterno-clavifular  ioint.  and  a  second  incision,  starting  from  the  termination 
of  the  first,  along  the  upper  bonb^r  of  tne  clavicle  for  about  two  in<*hes.  This  incision  is  made 
through  the  auperlieial  and  deep  fkscia,  and  the  stertml  ungin  of  the  muscle  exposed.  This  is  to^ 
be  divided  on  a  director,  and  turned  up,  with  the  stii»erf]cial  structures,  as  a  triangular  flaix 
Some  loofie  connective  tissue  is  to  be  divided  i>r  torn  through,  and  the  onter  Umler  of  the 
8temo-hyoid  muscle  exposed.  In  doing  this  care  must  he  taken  not  to  wound  the  anterior 
jugular  vein,  which  crosses  the  muscle  to  r*-nieh  the  extenial  jugular  or  suU-lavian  vein.  The 
Sternu'hyoid,  and  with  it  the  Sterno-thyroid,  arc  to  be  drawn  inwiinl  by  means  uf  a  retractor, 
and  the  sheath  of  the  vessel  is  exposed.  This  must  be  oj>ened  with  great  care  on  its  inner 
or  tracheal  side,  so  as  to  avoid  the  internal  jugular  vein.  This  is  estHvially  necessarj*  on 
the  lef\  side,  where  the  artery  is  commonly  overlapped  by  the  vein.  On  the  right  side  there  is 
usually  liu  interval  between  the  artery  and  the  vein,  and  not  the  same  risk  of  wounding  the 
latter.' 

The  comniDn  carotid  arter>\  being  a  long  vessel  without  any  branches,  is  particularly  suitable 
for  the  performanee  of  Brasdor  B  oi>eration  for  the  cure  of  an  aneurism  of  the  lower  part  of  the 
vessel.  Bras<ior's  procedure  consists  in  ligaturing  the  arter>'  on  the  distal  side  of  the  aneurism^ 
and  in  the  case  of  the  common  carotid  there  are  no  branches  given  off  from  the  vessel  between 
,  the  aneurism  and  the  site  of  the  ligature ;  hence  little  or  no  blocRl  passes  through  the  sac  of  the 
aneuriem,  and  consmpiputly  it  and  the  vessel  shrinks,  and  a  fure  is  effected. 

OoUateral  Circulation* — Af\er  ligatun>  •>!'  the  i-«^>mnion  carotid  the  etdlateral  circulation 
can  be  perfei'tly  established,  by  the  free  eoniniunieation  which  exists  bc^tween  the  carotid  arteries 
of  opjHisite  sides,  both  without  and  within  the  rniuiuin,  atul  by  enlargement  of  tlie  branches  of 
the  aul>clavi an  artery  on  the  side  corres|>ondiiig  to  that  on  which  the  vessel  has  been  ticnl — the 
chief  communiwition  outside  the  skull  taking  place  between  the  superior  and  inferior  thyrtud 
arteries,  and  the  profunda  cervicis  and  arteria  princeps  cervieis  of  thu  oecipittd  ;  ibe  vertebral 
taking  the  place  ot  the  internal  eanitid  within  the  cranium. 

Sir  A.  Cooper  brid  an  opportunity  of  diss^'cting,  tbirte*n  years  after  the  operation,  the  case 
in  which  he  first  successfully  tie*]  the  common  candid  (the  second  case  in  which  he  performed 
the  o|>eration)/  The  injection,  however,  does  not  seem  to  have  Wen  a  successful  one.  It 
showed  merely  that  the  arteries  at  the  base  of  the  brain  {circle  of  Willis)  wet^  much  enlarged  on 
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tilt'  side  of  the  im\  arttw,  ai^d  that  the  anastomosis  between  the  branches  of  the  externd  carotid 
on  the  affected  side  and  tliosJ-e  of  the  fimne  arteiy  on  the  sound  side  was  free,  so  that  the  external 
carotid  was  penuous  throughout. 

The  External  Carotid  Artery, 

The  external  carotid  artery  (Fig.  Ml)  coniiDeneea  opposite  the  upper  border  of 
the  thyroid  cartilage,  iintl  taking  a  ^lightlj  curved  course,  passes  upward  and  for- 
w^ard,  and  then  inclines  backward  to  the  ^pace  between  the  neck  of  the  condyle 
of  the  lower  jaw  and  the  external  meatus,  w^here  it  divides  into  the  superficial 
temporal  and  internal  maxillary  arterie^^.  It  rapidly  diminishes  in  size  in  its 
course  up  the  neck,  owing  to  the  number  and  large  size  of  the  branches  given 
off  from  it.  In  the  child  it  is  somewhat  gmaller  than  the  internal  carotid,  but  in 
the  adult  the  two  vessels  are  of  nearly  e([ual  size.  At  its  conimencement  this 
artery  is  more  superficial,  and  placed  nearer  the  middle  line  than  the  internal 
caroti<K  and  is  contained  in  the  triangular  space  bounded  by  the  Sterno-mastoid 
behind,  the  Omo-hyoid  below,  and  the  posterior  belly  of  the  Digastric  and  Stylo- 
hyoid above. 

Relations. — It  is  cc^vered  by  the  skin,  superficial  fascia,  Platysma.  dee|)  fiiscia, 
and  anterior  margin  of  the  Sterno-mastoid,  crossed  by  the  hypoglossal  nerve,  and 
by  the  lingual  and  facial  veins;  it  is  afterward  crossed  by  the  Digastric  and 
Stylo-hyoiil  muscles,  and  higher  up  passes  deeply  into  the  substance  of  the  parotid 
gland,  where  it  lies  beneath  the  facial  nerve  and  the  junction  of  the  temporal  and 
internal  maxillary  veins. 

Intenntlh/  is  the  hyoid  bone,  wall  of  the  pharynx,  the  superior  laryngeal 
nerve,  and  higher  up  it  is  separated  from  the  internal  carotid  by  the  Stylo-glossus 
and  Stylo-pharyngeus  muscles,  the  giosso-pharyngeal  nerve,  and  part  of  the  paro- 
tid gland.  Anteriorly  is  the  ramus  of  the  jaw,  from  which  it  is  separated  by  a 
portion  of  the  parotid  gland.  Extertially^  in  the  lower  part  of  its  course,  is  the 
internal  carotid  artery. 

Surface  Marking.— The  position  of  the  external  carotid  artery  may  he  marked  nut  with 
sufficient^  aw-uracy  by  a  line  drawn  fmm  the  front  of  the  meatus  of  the  external  ear  to  the  side 
of  the  cricoid  cartilage,  slightly  arching  the  line  forward. 

Surgical  Anatomy. — Tiie  application  of  a  ligature  to  the  external  carotid  may  be  re<|uired 
in  case  of  wotuids  of  this  vessel  or  of  its  branches  when  these  cannot  l»e  tied,  ami  in  some  caaes 
of  pulsating  tumor  of  the  si?alp  or  face.  The  opemtiou  has  not  received  the  attention  which  it 
deserves,  owing  to  the  fear  which  surgeons  have  entertained  of  secondarj^  haemorrhage,  on 
aecount  of  the  number  of  bnmches  given  off  from  the  vessel  This  fear,  however,  has  been 
shown  by  >Ir.  Criiins  not  to  be  well  tbunded.'  To  tie  this  vessel  near  ita origin,  helow  the  point 
where  It  is  crossed  Ly  the  Digastric,  an  incision  alx>ut  three  inches  in  length  should  he  made 
along  the  margin  uf  the  Sterno-mastuid,  frtuii  the  ani^de  of  \\w  jaw  to  the  ujiper  border  of  the 
thyroid  cartilage.  The  liyatnre  should  be  applied  lie  twee  a  the  lingual  ttnd  supeHur  thyn-ad 
branches.  To  tie  the  vessei  above  the  Digiuitric,  between  it  and  the  i)arotid  gland,  an  incision 
should  lie  ma<le,  from  the  lol>e  of  the  ear  to  the  great  conm  of  tlie  os  hyoides,  dividing  succes- 
sively the  skin,  Flatysma,  and  fascia.  By  drawing  the  Sterno-mastoid  ontwanl,  and  the  imstcrior 
belly  <jf  the  Digsistrie  and  Stylo- hyoid  muscles  downward,  and  separatiijig  them  fruiu  the  t>arotid 
gland,  the  vessel  will  he  exposed,  and  a  ligature  may  be  applied  to  it.  The  circnlatiiin  is  at  onoe 
re-established  by  the  free  communication  between  most  of  tlie  large  hranehes  of  the  ailery 
(facial,  lingual,  superior  thyroid,  occipital)  and  the  corresponding  arteries  of  the  opposite  side, 
and  by  the  anastomosis  of  its  branches  with  those  of  the  internal  carotid,  and  of  the  otX!ipitai 
with  the  branches  of  the  subclavian,  etc. 


Plan  of  the  Relations  of  the  External  Carotid. 

Ejtfenmlli/. 
Skin  J  Buperficial  fascia. 
Platysma  and  deep  faH(?ia. 
AntiTiur  Uirrler  of  Stenio-miistoid. 
flyfMiirii»ss:d  ner\'e.       f*- 
Ltngual  and  facial  veins. 
Digastric  and  Stylo  hyoid  muscles. 

Parotid  giand  with  Ikcial  nerve  and  temporo-ra axillary  vein  in  its  substaiKse, 
Internal  carotid  artery, 

>  MedrChir.  Tram.,  Ixi.  22S>. 


652 


THE  ARTERIES. 


In  fi'ottt. 
Ramus  of  jaw. 


Parotid  gland. 


Intf^imU^. 
Hyt>i<l  Unm. 
Pliitrytix. 

SiiiKTicir  laryngeal  nerve. 
Stylo-plassiis. 
Stylo-phuryngciij*. 
( I loss43- jihury ii^'tal  nerve. 
Parotid  gland. 

Branches, — Tbe  external  carotid  artery  gives  off  eight  branches,  which,  for 
convenience  of  description,  may  be  divided  into  four  seta,  (See  Fig.  348,  IMan  of 
the  Branches). 

Anterior*  Posterior,  Aseendwfj,  TermmaL 

Superior  Thyroid.     Occipital.  Ascending  I*ha-       Superficial  Temporal. 


Posterior  Auricular,     ryngeal. 


Internal  Maxillary. 


LiDgual. 
Facial. 

The  student  is  here  reminded  that  many  variations  are  met  with  in  the 
number,  origin,  jind  course  of  these  branches  in  difTerent  subjects;  but  the  above 
arrangement  is  that  which  is  found  in  the  great  majority  of  eases. 

The  Superior  Tliyroid  Artery  (Figs.  347  and  352)  is  the  first  branch  given  off 
from  the  external  carotid,  being  derived  from  that  vessel  just  below  the  great 
cornu  of  the  hyoid  bone.  At  its  commencement  it  is  i[uite  superficial,  being 
covered  hy  the  integument,  fascia,  and  Platysma,  and  is  contained  in  the 
triangular  8|mcehuunded  by  the  Sterno-mastoid,  Digastric,  and  Omo-hyoid  museles. 
After  running  ujvward  and  inward  for  a  shnrt  distance,  it  curves  downward 
and  forward,  in  an  arched  and  tortuous  manner,  to  the  upper  part  of  the  thyroid 
ghind,  passing  beneath  the  Omo-hyoid,  Sterno-hyoid,  and  Sterno-rhyroid  muscles, 
and  distributes  numerous  branches  to  the  anterior  surface  of  the  gland, 
anastomosing  with  its  fellow  of  the  opposite  side  and  with  the  inferior  thyroid 
arteries.  Besiiles  the  arteries  distributed  to  the  muscles  by  which  it  is  covered 
and  the  substance  of  the  gland,  the  branches  of  the  tjuperior  thyroid  are  the 
following : 

Hyoid.  Superior  Laryngeal. 

Superficial  descending  branch  (Sterno-mastoid).        Crico-thyroid. 

The  hyoid  is  a  small  bi-anch  which  runs  along  the  lower  border  of  the  os 
hyoides  beneath  the  Thyro*hyoid  mttscle;  after  supplying  the  muscles  connected  to 
th«t  lione  it  forms  an  arch*  by  anastomosing  with  the  vessels  of  the  opposite  side* 

The  superficial  descending  branch  runs  downward  and  outward  across  the 
sheath  of  the  common  carotid  artery,  and  supplies  the  Sterno-umstoid  anfi  neigh- 
boring muscles  and  integument.  There  is  also  riften  a  distinct  branch  from  the 
external   carotid  distributtMl  t<i  the  Sterno-niastoid  muscle.  » 

The  superior  laryngeal,  larger  than  either  of  the  preceding,  accompanies  the 
superior  laryngeal  nerve,  beJieath  the  Thyro-hyoid  muscle:  it  pierces  the  thyro- 
hyoid  membrjine,  arid  supplies  the  muscles,  mucous  membrane,  ami  glands  of  the 
larynx,  anastomosing  with  the  branch  from  the  opposite  side. 

The  crico-thyroid  is  a  small  bi*anch  which  runs  transversely  across  the  crico- 
thyroid membrane,  communicating  with  the  artery  of  the  o|»posite  side. 

Surgical  Anatomy.— The  superior  thyroid,  or  some  nf  its  branches,  is  often  divided  in 
caees  of  eut  thront,  j^iviair  rise  tu  considerubie  hieuiorrhjtue.  In  «acdi  ca^^.s  the  arter>'  should  be 
fiecurcdT  iIil*  wound  be'm^r  oidarffed  for  that  purjK^se,  if  neceaaarj'.  The  operation  may  be  easily 
jwrtbruied,  the  pusitiou  of  thenrtery  bcinp  very  supc^rfidid.  and  the  only  struct urt^s  of  imfjortance 
eoverinf?  jt  beint:  a  few  small  veins.  The  ypenition  of  tyin^  the  saperior  thyroid  arterv  in 
bronchm^ele  bns  Ywvw  pi'rfonned  ia  numerous  instaaees  witli  partial  or  teaiporury  sueeess.    When, 
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however,  the  collateral  circulation  between  this  vessel  and  the  artery  of  the  opposite  side,  and 
the  inferior  thyroid,  is  completely  re-established,  the  tumor  usually  regains  its  former  size. 

The  position  of  the  superficial  descending  branch  is  of  importance  in  connection  with  the 
operation  of  ligature  of  the  common  carotid  artery.  It  crosses  and  lies  on  the  sheath  of  this 
vessel,  and  may  chance  to  be  wounded  in  opening  the  sheath.  The  position  of  the  crico-thyroid 
branch  should  be  remembered,  as  it  may  prove  the  source  of  troublesome  haemorrhage  during 
the  operation  of  laryngotomy. 

The  Lingual  Artery  (Fig.  352)  arises  from  the  external  carotid  between  the 
superior* thyroid  and  facial;  it  runs  obliquely  upward  and  inward  to  the  great 
cornu  of  the  hyoid  bone,  then  passes  horizontally  forward  parallel  with  the  great 
cornu,  and,  ascending  perpendicularly  to  the  under  surface  of  the  tongue,  turns 
forward  on  its  under  surface  as  far  as  the  tip  of  that  organ,  under  the  name  of 
the  ranine  artery. 

Belations. — Its  first,  or  oblique,  portion  is  superficial,  being  contained  in  the 
triangular  space  already  described,  resting  upon  the  middle  constrictor  of  the 
pharynx,  and  covered  by  the  Platysma  and  fascia  of  the  neck.  Its  second,  or 
horizontal,  portion  also  lies  upon  the  middle  constrictor,  being  covered  at  first  by 
the  tendon  of  the  Digastric  and  the  Stylo-hyoid  muscle,  and  afterward  by  the 
Hyo-glossus,  the  latter  muscle  separating  it  from  the  hypoglossal  nerve.  Its 
third,  or  ascending,  portion  lies  between  the  Hyo-glossus  and  Genio-hyo-glossus 
muscles.  The  fourth,  or  terminal,  part,  under  the  name  of  the  ranine^  runs  along 
the  under  surface  of  the  tongue  to  its  tip :  it  is  very  superficial,  being  covered 
only  by  the  mucous  membrane,  and  rests  on  the  Lingualis  on  the  outer  side  of 
the  Genio-hyo-glossus.  The  hypoglossal  nerve  crosses  the  lingual  artery,  and  then 
becomes  separated  from  it,  in  the  second  part  of  its  course,  by  the  Hyo-glossus 
muscle. 

The  branches  of  the  lingual  artery  are — the 

Hyoid.  Sublingual. 

Dorsalis  Linguae.  Ranine. 

The  hyoid  branch  runs  along  the  upper  border  of  the  hyoid  bone,  supplying 
the  muscles  attached  to  it  and  anastomosing  with  its  fellow  of  the  opposite  side. 

The  dorsalis  lingnsB  (Fig.  352)  arises  from  the  lingual  artery  beneath  the  Hyo- 
glossus  muscle  (which,  in  the  figure,  has  been  partly  cut  away  to  show  the  vessel^  ; 
ascending  to  the  dorsum  of  the  tongue,  it  supplies  the  mucous  membrane,  tne 
tonsil,  soft  palate,  and  epiglottis,  anastomosing  with  its  fellow  from  the  opposite 
side. 

The  sublingual,  which  may  be  described  as  a  branch  of  bifurcation  of  the 
lingual  artery,  arises  at  the  anterior  margin  of  the  Hyo-glossus  muscle,  and 
runs  forward  between  the  Genio-hyo-glossus  and  the  sublingual  gland.  It 
supplies  the  substance  of  the  gland,  giving  branches  to  the  Mylo-hyoid  and 
neighboring  muscles,  the  mucous  membrane  of  the  mouth  and  gums.  One 
branch  runs  behind  the  alveolar  process  of  the  lower  jaw  in  the  substance  of  the 
gum  to  anastomose  with  a  similar  artery  from  the  other  side. 

The  ranine  may  be  regarded  as  the  other  branch  of  bifurcation,  or,  as  is  more 
usual,  as  the  continuation  of  the  lingual  artery;  it  runs  along  the  under  surface 
of  the  tongue,  resting  on  the  Inferior  lingualis,  and  covered  by  the  mucous 
membrane  of  the  mouth ;  it  lies  on  the  outer  side  of  the  Genio-hyo-glossus, 
accompanied  by  the  lingual  nerve.  On  arriving  at  the  tip  of  the  tongue  it  has 
been  said  to  anastomose  with  the  artery  of  the  opposite  side,  but  this  is  denied 
by  Hyrtl.     These  vessels  in  the  mouth  are  placed  one  on  each  side  of  the  fraenum. 

Surgical  Anatomy.— The  lingual  artery  may  be  divided  near  its  origin  in  cases  of  cut 
throat,  a  comnlication  that  not  unfrequently  happens  in  this  class  of  wounds ;  or  severe 
haemorrhage  wnich  cannot  be  restrained  bv  ordinary  means  may  ensue  from  a  wound  or  deep 
ulcer  of  the  tongue.  In  the  former  case  the  primary  wound  may  be  enlarged  if  necessar)%  and 
the  bleeding  vessels  secured.  In  the  latter  case  it  has  been  suggested  that  the  lingual  artery 
should  be  tied  near  its  origin.  Ligature  of  the  lingual  artery  is  al.so  occasionally  practised,  as  a 
palliative  measure,  in  cases  of  cancer  of  the  tongue,  in  order  to  check  the  progress  of  the 
disease  by  starving  the  growth,  and  it  is  sometimes  tied  as  a  preliminary  measure  to  removal  of 
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the  tonguf.  The  (H>eratkjn  is  a  difliciilt  orio,  tin  acvount  of  the  ^lepth  of  the  artery,  the  riumher 
of  jmiTortaiit  parfii  hy  which  it  is  surruiuuled.  the  loose  and  yielding  nainre  of  tlie  parts  npon 
which  it  is  su|i|>orted,  and  its  occasional  irreijularity  of  oriifin.  An  ineisinn  is  to  he  made  in 
a  curved  direction  from  a  finper^s  hreadth  external  to  the  syniphj^sis  of  t lie  jaw  downward  to  the 
comu  of  tlie  hyoid  Injne,  and  then  npward  to  near  the  angle  of  the  jaw.  Care  niiist  he  taken 
not  to  earry  this  iiici?5ion  too  far  haekward,  for  fear  of  endangering  the  facial  vein.  In  the  first 
incision  the  skin,  superficial  fascia,  and  Platysnia  will  he  divided,  and  the  deep  fascia  exposed. 
This  is  then  to  he  incised  and  the  subniaxjlbry  gland  exposed  and  pulled  upward  by  retractors. 
A  triangular  8pa(*e  is  now  exi>osed,  Ijounded  interiKilly  hy  the  posterior  border  of  the  Mylo* 
hv*>id  mnscie:  below  ;iiid  externally,  hy  the  tendon  of  tlu?  Dii^^iistric ;  and  above,  by  the  h^'po- 
glossal  nerve.  The  fioor  t>f  the  space  is  ibmied  by  the  Hyo-gloFsiLs  njuscJe,  l>eneiith  which  the 
artery  lies.  The  fibres  of  this  muscle  are  now  to  be  cut  through  horizontally  siiid  the  vessel 
exposed^  care  heing  taken,  while  near  the  veiisel,  not  to  open  the  ]>harynx. 

Trouhlasoine  hieniorrha^ie  may  fx-enr  in  the  divitiiun  of  the  fiTenuni  ineliiidren  if  the  raDme 
arter^^  which  lies  on  each  jside  n\'  it,  is  wounded.  The  student  should  reiiieniWr  that  the  opem- 
tion  IS  always  to  he  pertbrmed  with  a  pair  oi^  blunt-nointed  scissors,  and  the  mucous  membrane 
only  is  to  be  divided  by  a  very  siiperlieial  cut,  whicn  cannot  endanger  any  vessel  The  sci9S4>rS| 
bJso,  bhould  l>e  direi'ted  away  from  the  tongue.  Any  further  liberation  of  the  tongue  which  may 
be  nec^jssary  cati  be  effected  by  tearing. 

The  Facial  Artery  {Fig.  349)  arises  a  little  above  the  lingual,  and  passes 
obliquely  upward,  beneath  the  Digastric  and  Stylo*hyoid  muscles ;  it  then  rims 
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Tm.  849.— The  arteries  of  the  fkce  and  flcalp.^ 

forward  under  cover  of  the  bodv  of  the  lower  jaw,  lodged  in  a  groove  on  the 
posterior  surface  of  the  submaxillary  gland;  this  may  be  called  the  cervical  part 
of  the  artery.  It  then  curves  upward  over  the  body  of  the  jaw  at  the  anterior 
inferior  angle  of  the   Masseter  muscle;  passes  forward   and   upward  across  the 

^  The  museutar  tiHsue  of  the  li]jB  must  lie  BU{q>n6e<l  to  have  been  cut  awttjr,  in  order  to  j^how  the 
courswf  of  the  ojmnarv  art  erica. 
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cheek  to  the  angle  of  the  mouth,  then  upward  ahing  the  side  of  the  nose,  and 

terminates  at  the  inner  can  thus  of  the  eye,  im^ler  the  name  of  the  antpdar  artny. 
This  vessel,  both  in  thv  neck  and  on  the  face,  is  remarkably  tortuous:  in  the 
former  situation,  to  accommodate  itself  to  the  movements  of  the  pharynx  in 
deglutition^and  in  the  lat^ter  to  the  movements  of  the  jaw  and  the  lips  and  cheeks. 

Relations. —  In  the  neck  its  origin  is  superficial,  being  covered  bj  the 
integument,  Platysma,  and  fascia;  it  then  passes  beneath  the  Digastric  and  Stylo- 
hyoid nuiscles  and  the  submaxillary  gland.  On  the  faei%  where  it  pai^ses  over  the 
body  of  the  b)wer  jaw,  it  is  comparatively  superficial^  lying  immediately  beneath 
the  Platysma.  In  this  situation  its  pulsation  may  be  distinctly  felt,  and  com- 
pression of  the  vessel  effectually  made  against  the  bone.  In  its  course  over  the 
face  it  is  covered  by  the  integument,  the  fat  of  the  cheek,  and.  near  the  angle  of 
the  month,  by  the  Platysmu,  Kisorius,  and  Zygomatic  muscles.  It  i*ests  on  the 
Buccinator,  the  Levator  angidi  oris,  and  the  Levator  labii  8iipei*ioris  (sometitnes 
piercing  or  else  pa^ssing  under  this  last  muscle).  It  is  acccuupanied  by  the  facial 
vein  throughout  its  entire  course;  the  vein  is  not  tortuous  like  the  artery,  and,  on 
the  face,  is  sepai'ated  from  that  vessel  by  a  considerable  interval,  lying  la  its  outer 
side.  The  branches  of  the  facial  nerve  cross  the  artery,  and  the  infra-orbital  nerve 
lies  beneath  it. 

The  branches  of  this  vessel  may  be  divided  into  two  sets :  those  given  off  below 
the  jaw  (cervical),  and  those  on  the  face  (facial). 


Cervical  Branches, 

Inferior  or  Ascending  Palatine. 

Tonsillar. 
Submaxillary* 
Submental. 
Muscular. 


Foetal  Branches, 

Mnecular. 
Inferior  Labial. 
Inferior  Coronary. 
Superior  Coronary. 
Lateralis  Nasi. 
Angular. 


The  inferior  or  ascending  palatine  (Fig.  352)  passes  up  belw*een  the  Stylo- 
glossus and  8tylo-pharyngeus  to  the  outer  side  of  the  pharynx.  After  supplying 
these  muscles,  the  tonsil,  and  Eustachian  tube,  it  divitles.  near  the  Levator  palati, 
into  two  branches  :  (Uie  follows  the  eoyrse  of  the  Levator  palati,  and,  winding  over 
the  upper  border  of  the  Superior  constrictor,  supplies  the  soft  palate  and  the  pal- 
atine glands ;  the  other  pierces  the  Superior  constrictor,  supplies  the  tonsil,  anas- 
tomosing with  the  tcmsillar  artery.  These  vessels  also  anastomose  with  thepofi- 
terior  pMhitine  branch  of  the  internal  maxillary  artery. 

The  tonsillar  branch  (Fig.  i352)  passes  up  between  the  Internal  Pterygoid  and 
Stylo-gh*s.sus,  and  then  ascends  along  the  side  of  the  pharynx,  perforating  the 
Superior  cvmstrictor,  to  ramify  in  the  substance  of  the  tonsil  and  root  of  the  tongue. 

The  submaxillaiTr  consists  of  three  or  four  large  branches,  which  supply  the 
submaxillary  glancl,  s«>me  being  prolonged  to  the  neighboring  muscles,  lymfihatic 
glands,  and  integument. 

The  Bubmental^  the  largest  of  the  cervical  branches,  is  given  off  from  the  facial 
artery  just  as  that  vessel  ijuits  the  submaxillai-y  gland:  it  runs  forward  upon  the 
Mylo-hyoid  muscle,  just  below  the  body  of  the  jaw  and  beneath  the  Digastric; 
after  stjipplying  the  surrounding  muscles,  and  anastomosing  with  the  sublingual 
artery  by  branches  which  perforate  the  Mylo-hyoid  muscle,  it  arrives  at  the  sym- 
physis nf  the  chin,  where  it  turns  over  the  border  of  tl»e  jaw  and  ilivides  into  a 
superficial  nnil  a  dec[)  branch  ;  the  former  passes  between  the  integimient  and 
Depressor  labii  inferioris,  supplies  both,  and  anastomoses  with  the  inferior  labial. 
The  deep  branch  passes  between  the  latter  muscle  and  the  bone,  supplies  the  lip, 
and  anastimioses  with  the  inferior  labial  and  mental  arteries. 

The  muscnlar  branches  are  distributed  to  the  Internal  pterygoifl  and  Stylo-hyoid 
in  the  neck,  and  t**  the  Masseter  and  Biiccitiator  on  the  lace. 

The  inferior  labial  passes  beneath   the   Depressor  anguli  oris,  to  supply  the 
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muscles  and  integument  of  the  hnvc*r  lip,  uniistomosing  with  the  inferior  coronary 
and  submental  branches  of  the  iliciiil,  and  with  the  mental  branch  of  the  inferior 
dental  artery. 

The  inferior  coronary  in  deiived  frum  the  faeial  artery,  near  the  angle  (»f  the 
mouth;  it  passes  upward  and  inward  beneath  the  depressor  jinguli  oris,  and,  pen- 
etrating the  Orbicularis  oris  muscle,  runs  in  a  tortuous  course  along  the  edge  of 
the  lower  li[>  between  this  niiiscle  and  the  mucous  membrane,  inosculating  with 
the  artery  of  the  opposite  side-  This  artery  suj>plie.s  the  labial  ghiiuls,  the  uuicous 
membrane,  and  muscles  i>f  the  lower  li|K  and  anastomoses  with  the  inferior  labial 
and  the  luental  branch  of  the  inferior  dental  artery, 

The  superior  coronary  is  larger  and  more  torttunis  in  its  course  than  the  pre- 
ceding. It  follows  the  same  course  along  the  edge  of  the  upper  lip,  lying  between 
the  mucous  membrane  and  the  Orbicularis  oris^  and  anastomoses  with  the  artery 
of  the  opposite  side.  It  supplies  the  textures  of  the  upper  lip,  and  gives  off  in  its 
course  two  or  three  vessels  which  ascend  to  the  nose,  (hie,  named  the  inferior 
artery  of  the  ftepUtm^  ramifies  <in  the  septura  of  the  nares  ns  far  as  the  point  of  the 
nose  ;  another,  the  arfertf  of  the  nla,  supplies  the  ala  of  the  nose. 

The  lateralis  nasi  is  derived  from  the  facial,  as  that  vessel  is  ascending  along 
the  side  of  the  nose ;  it  supplies  the  ala  and  dorsum  of  the  nose,  anastomosing 
with  its  fellow,  the  nasal  branch  of  the  ojdithalmic.  the  inferior  artery  of  the 
septum,   the  artery  of  the  ala,   and    the   infra-orbital. 

The  angular  artery  is  the  termination  of  the  trunk  of  the  facial ;  it  ascends  to 
the  inner  angle  of  the  orbit,  imheddeJ  in  the  fibres  of  the  Levator  labii  superioris 
ahi^{|iie  nasi,  and  accompanied  by  a  large  vein,  the  ajiguhr  ;  it  distributes  some 
branches  on  the  cheek  which  anastomose  with  the  infra-orbital,  and  after  supplying 
the  lachrymal  sac  and  Orbicularis  palpebrarum  muscle,  terminates  by  anastomos- 
ing with  the  mtsal  branch  of  the  ophtlialmic  artery. 

The  anastomoses  of  the  facial  artery  are  very  numerous,  not  only  with  the 
vessel  of  the  opposite  side,  but,  in  the  neck,  with  the  sublingual  branch  of  the 
lingual ;  with  the  ascending  pharyngeal  ;  with  the  posterior  palatine,  a  branch  of 
the  internal  maxillary,  by  its  inferior  or  ascending  palatine  and  tonsillar  branches  ; 
on  the  face,  with  the  mental  branch  of  the  inferior  detital  as  it  emerges  from  the  mental 
foramen,  with  the  transverse  facial,  a  branch  of  tlie  temporal ;  with  the  infra-orbital, 
a  branch  of  the  internal  maxilbiry,  and  with  the  nasal  branch  of  the  ophthalmic. 

PeculiaritleB.— The  iWiid  artery  not  atifrcqueutb'  arises  by  n  coumioa  trunk  with  the 
linpnil.  Tliiij  veiwel  is  also  siibjeet  to  mnie  viiriiitioiis  in  its  size  and  m  the  extent  to  w^hicli  it 
supplies  the  fii(.'<\  It  tK'c^isiunally  tenninale«  as  llie  submeatal,  iind  not  an  frequently  suj>plte^ 
the  fiice  only  us  hinli  as  the  anfi;le  of  the  amuth  or  nose.  The  defieieaey  is  then  snppiied  by 
enlarifement  of  one  of  the  neighl>oring  urteries. 

Surgical  Anatomy. ^The  iias^siige  of  the  facial  artery  over  the  body  of  tlte  jaw  wonhl 
appear  to  affonl  a  tavordble  position  for  the  applieation  of  prcgaure  in  ease  of  ha*nKrrrha;ee 
fro  ax  the  \\p%  the  result  cither  of  an  atvidental  wonnd  or  dnriuk*:  an  operation  ;  but  its  ap^diea- 
tioa  is  tiseless,  exeopt  Inr  u  v^ry  short  time,  on  aeeount  of  the  free  eoainuinieation  ot  ilus 
vessel  with  its  fellow  an«l  with  ourneroiLs  bmnehes  froni  diftercvit  sources.  In  a  wound  involv- 
ing the  lip  it  is  better  to  seize  tlu^  part,  lictwecn  the  lingers,  and  evert  it.  when  the  hleedinir 
vessel  may  be  tit  once  secured  with  pressure-forceps.  In  or<ler  to  prevent  lueiuurrliage  m  ciises 
of  removal  of  diseased  gn>wtli3  tri>ai  the  part,  the  lip  slnmld  be  eoni pressed  on  each  si«Ie 
between  the  fingers  loul  iloiinb  *jr  by  a  puir  of  j^peeially  dtnised  duin])-tun'eps,whilst  the  surgeon 
eicises  the  diseasi'd  part.  In  order  to  stop  li:einc>rrliage  where  the  lip  has  been  divided  in  an 
operation,  it  is  neeessary,  in  uiiitinL'  the  edijes  of  the  wound,  to  puss  the  sutures  throu^'h  the 
cut  edges,  almost  as  deep  as  its  niueons  surtaee  ;  by  these  means  not  only  are  the  eut  surfuees 
more  ueally  and  securely  iidapted  toeaeh  other,  but  the  ptissihihty  of  ha*morrliiigc  is  oreveiued 
by  ineluding  in  the  suture  the  tliyided  artery.  If  the  suture  is,  on  tfie  eoatrar>%  pn.ssi'd  through 
merely  tlie  eutiuieoiLS  portion  nf  the  wonnd.  bji^morrhage  tweurs  into  the  eavity  of  the  month. 
The  student  should,  bstly,  observe  the  relation  id'  the  augukr  artery  to  the  laehr>'mal  Siic,  and 
it  will  l>e  seen  that,  as  tiie  vessel  passes  up  alonir  the  inner  marjirin  of  the  orbit,  it  a s< 'ends  on 
ita  ntisal  side.  In  <meratniir  for  tistula  laebryniulis  the  siic  should  always  be  opened  on  its  outer 
side,  in  order  that  lliis  vis^-l  may  Iny  avoided. 

The  Occipital  Artery  (Fig.  ^^49)  arises  from  the  posterior  part  of  the  external 
carotid,  opposite  the  facial  near  the  lower  margin  of  the  Digastric  muscle.  At  itfe 
origin  it  is  covered  by  the  posterior  belly  of  the  Digastric  and  Stylo-hyoid  muscles, 
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and  the  hypoglossal  nerve  winds  around  it  from  behind  forward ;  higher  up,  it 
passes  across  the  internal  carotid  artery,  the  internal  jugular  vein,  and  the  pneumo- 
gastric  and  spinal  accessory  nerves ;  it  then  ascends  to  the  interval  between  the 
transverse  process  of  the  atlas  and  the  mastoid  process  of  the  temporal  bone,  and 
passes  horizontally  backward,  grooving  the  surface  of  the  latter  bone,  being  covered 
by  the  Sterno-mastoid,  Splenius,  Trachelo-mastoid,  and  Digastric  muscles,  and 
resting  upon  the  Rectus  lateralis,  the  Superior  oblique,  and  Complexus  muscles ; 
it  then  changes  its  course  and  passes  vertically  upward,  pierces  the  fascia  which 
connects  the  cranial  attachment  of  the  Trapezius  with  the  Sterno-mastoid,  and 
ascends  in  a  tortuous  course  over  the  occiput,  as  high  as  the  vertex,  where  it 
divides  into  numerous  branches.  It  is  accompanied  in  the  latter  part  of  its  course 
by  the  great  occipital  and  a  cutaneous  filament  from  the  suboccipital  nerve. 
The  branches  given  off  from  this  vessel  are — 

Muscular.  Auricular. 

Sterno-mastoid.  Meningeal. 

Arteria  Princeps  Cervicis. 

The  Muscular  branches  supply  the  Digastric,  Stylo-hyoid,  Splenius,  and 
Trachelo-mastoid  muscles. 

The  sterno-mastoid  is  a  large  and  constant  branch,  generally  arising  from  the 
artery  close  to  its  commencement.  It  first  passes  upward  and  backward,  and 
then  turns  downward  over  the  hypoglossal  nerve,  and  enters  the  substance  of  the 
muscle,  frequently  in  company  with  the  spinal  accessory  nerve. 

The  auricular  branch  supplies  the  back  part  of  the  concha.  It  frequently 
gives  off  a  branch,  which  enters  the  skull  through  the  mastoid  foramen  and 
supplies  the  dura  mater. 

The  meningeal  branch  ascends  with  the  internal  jugular  vein,  and  enters  the 
skull  through  the  foramen  lacerum  posterius,  to  supply  the  dura  mater  in  the 
posterior  fossa. 

The  arteria  princeps  cervicis  (Fig.  352)  is  a  large  branch  which  descends 
along  the  back  part  of  the  neck  and  divides  into  a  superficial  and  deep  branch. 
The  former  runs  beneath  the  Splenius,  giving  off  branches  which  perforate  that 
muscle  to  supply  the  Trapezius  which  anastomose  with  the  superficial  cervical 
artery,  a  branch  of  the  transversalis  colli :  the  latter  passes  beneath  the  Com- 
plexus between  it  and  the  Semispinalis  colli,  and  anastomoses  with  branches  from 
the  vertebral  and  with  the  deep  cervical  artery,  a  branch  of  the  superior  inter- 
costal. The  anastomosis  between  these  vessels  serves  mainly  to  establish  the  col- 
lateral circulation  after  ligature  of  the  carotid  or  subclavian  artery. 

The  cranial  branches  of  the  occipital  artery  are  distributed  upon  the  occiput ; 
they  are  very  tortuous,  and  lie  between  the  integument  and  Occi pi to-fron talis, 
anastomosing  with  the  artery  of  the  opposite  side,  the  posterior  auricular  and 
temporal  arteries.  They  supply  the  back  part  of  the  Occi  pi  to-fron  talis  muscle, 
the  integument,  and  pericranium. 

The  Posterior  Auricular  Artery  (Fig.  849)  is  a  small  vessel  which  arises  from 
the  external  carotid,  above  the  Digastric  and  Stylo-hyoid  muscles,  opposite  the 
apex  of  the  styloid  process.  It  ascends,  under  cover  of  the  parotid  gland,  to  the 
groove  between  the  cartilage  of  the  ear  and  the  mastoid  process,  immediately 
above  which  it  divides  into  two  branches :  an  anterior,  auricular,  passing  forward 
to  supply  the  back  of  the  auricle  and  anastomose  with  the  posterior  division  of  the 
temporal ;  and  a  posterior,  mastoid,  to  the  scalp  above  and  behind  the  ear, 
communicating  with  the  occipital.  Just  before  arriving  at  the  mastoid  process  this 
artery  is  crossed  by  the  facial  nerve,  and  has  beneath  it  the  spinal  accessory  nerve 

Besides  severai  small  branches  to  the  Digastric,  Stylo-hyoid,  and  Sterno-mastoid 
muscles  and  to  the  parotid  gland,  this  vessel  gives  off  three  branches : 

Stylo-mastoid.  Auricular.  Mastoid. 

The  stylo-mastoid  branch  enters  the  stylo-mastoid  foramen,  and  supplies  the 
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tymjiiinuni,  inastuid  cells,  and  semicircular  canals.  In  tbe  young  subject  a  branch 
from  tills  vessel  fornix,  with  the  tympanic  Ijrancli  from  the  internal  maxillary,  a 
vaiicular  circle,  which  surrounds  the  auditory  meatus,  and  from  which  delicate 
vessels  ramify  on  the  memhrana  tympani.  It  anastomoses  with  the  petrosal 
branch  of  the  middle  meningeal  artery  by  a  twig  which  enters  the  hiatus  Fallopii. 

The  aiiricmlar  branch  is  distributed  to  the  hack  part  of  the  cartilage  of  the  ear. 
upon  which  it  ramifies  minutely,  *some  branches  curving  round  the  margin  of  the 
fibro-cartilage,  others  perforating  it,  to  supply  itsanteritir  surface.  It  anastomoses 
with  the  anterior  arnicular  branches  of  the  temporal 

The  mastoid  branch  passes  backward,  over  the  Sterno-mastoid  muscle,  to  the 
Bcalp  above  tind  behind  the  ear.  It  supplies  the  posterior  belly  of  the  Occipito-fron- 
talis  muscle  and  ihe  scalp  in  thissitiiation.     It  anastomoses  with  the  occipital  artery. 

The  Ascending  Pharyngeal  Artery  (Fig.  352),  the  smallest  branch  of  the 
external  carotid,  is  a  long*  slender  vessel,  deeply  seated  in  the  neck,  beneatb  the 
other  branches  of  the  external  carotid  and  the  Stylo-pharyngeiis  muscle.  It  arises 
from  tlie  back  part  of  the  external  carotid,  near  the  commencement  of  that  vessel, 
and  ascends  vertically  between  the  internal  carotid  and  the  side  of  the  pharynx,  to 
the  under  surface  of  the  base  of  the  skull,  lying  on  the  Rectus  capitis  anticus  major. 
Its  branches  may  he  subdivided  into  three  sets: 

Prevertebral.  Pharyngeal.  Meningeal. 

The  prevertebral  branches  are  numerous  small  vessels  which  supply  the  Recti 
capitis  antici  and  Longus  colli  muscles,  the  sympathetic,  hypoglossal,  and 
pneumogasiric  nerves,  and  the  lymphatic  glands  of  rhe  neck,  anastomosing  with 
the  ascending  cervical  artery. 

The  pharyngeal  branches  are  three  or  four  in  number.  Two  of  these  descend 
to  sujipiy  the  iniildle  and  inferior  Constrictors  and  the  Stylo-pharyngcus,  ramifying 
in  their  substance  and  in  the  mucous  membrane  lining  them.  The  largest  of  the 
pharyngeal  branches  passes  inward,  running  upon  the  Superior  constrictor,  and 
sends  ramifications  to  the  soft  palate  and  tonsil,  which  take  the  place  of  the 
ascending  palatine  branch  of  the  facial  artery  when  that  vessel  is  of  small  size, 
A  twig  from  this  branch  passes  up  the  Eustachian  tube  to  supply  the  tympanum^ 

The  meningeal  branches  consist  of  several  small  vessels,  which  pa^s  through 
foramina  in  the  base  of  the  skull,  to  supply  the  dura  mater.  One,  the  posterior 
meningeal,  enters  the  cranium  through  the  foramen  lacerum  posterius;  a  second 
passes  through  the  foramen  lacerum  medium  ;  and  occasionally  a  third  through 
the  anterior  condyloid  foramen.     They  are  all  distributed  to  the  dura  mater. 

Surgical  Anatomy. — The  ascending  pharyngeal  artery  hm  t>t*en  wounded  from  the  throat, 
as  in  the  ease  in  wliii-h  the  stem  of  a  tobacco-pipe  was  driven  into  the  vessel,  causing  fatal 
baemurrhiti^e. 

The  Supertcial  Temporal  Artery  {Fig.  349),  the  smaller  of  the  two  terminal 
branches  of  the  external  carotid,  appears,  from  its  direction,  to  be  the  continu- 
ation of  that  vessel.  It  commences  in  the  substance  of  the  jiarotid  gland,  in  the 
interspace  between  the  neck  of  the  condyle  of  the  lower  jaw  and  the  external 
meatus,  crosses  over  the  posterior  root  of  the  zygoma,  passes  beneath  the  Attra- 
hens  aiirem  muscle,  imd  divides,  about  two  inches  above  the  zygomatic  arch,  into 
two  branches,  an  anterior  and  a  posterior. 

The  anterior  temporal  inclines  forward  over  the  forehead,  supplying  the 
muscles,  integument,  and  pericranium  in  this  region,  and  anastomoses  with  the 
supra-orbital  and  frontal  arteries* 

The  posterior  temporal,  larger  than  the  anterior,  curves  upward  and  backward 
along  the  side  of  the  head,  lying  superficial  to  the  temporal  fascia,  and  inosculates 
with  its  fellow  of  the  opposite  side,  and  with  the  posterior  auricular  und  occipital 
arteries. 

The  superficial  temporal  artery,  as  it  crosses  the  zygoma,  is  covered  by  the 
Attrahens  aurem  nmscle  and  by  a  dense  fascia  given  off  from  the  parotid  gland: 
it  is  also  usually  crossed  by  one  or  two  veins,  and  accompanied  by  branches  of  the 
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facial  and  auriculo-temporal  nerves.    Besides  some  twigs  to  the  parotid  gland,  the 
articulation  of  the  jaw,  and  the  Masseter  muscle,  its  branches  are — the 

Transverse  Facial.  Middle  Temporal 

Anterior  Auricular. 

The  transverse  facial  is  given  off  from  the  temporal  before  that  vessel  quits 
the  parotid  gland;  running  forward  through  its  snhstance,  it  passes  transversely 
across  the  fiict%  between  Stenson's  duct  and  the  lower  border  of  the  zygoma,  and 
■  divides  on  the  side  of  the  face  into  numerous  bnincbes,  which  supply  the  parotid 
gland,  the  Masseter  muscle,  and  the  integuinent,  anastomosing  with  the  facial, 
masseteric,  and  infra-orbital  arteries.  This  vessel  rest^  on  the  Masseter,  and  is 
acci^mpanicd  by  one  or  two  branches  of  the  facial  nei*ve.  It  is  sometimes  a  branch 
of  the  external  carotid. 

The  middle  temporal  artery  arises  immediately  above  the  zygomatic  arch,  and, 
perforating  the  temporal  fascia,  supplies  the  Temporal  muscle,  anastomosing  with 
the  deep  tem[inral  branches  of  the  internal  maxillary.  It  occasionally  gives  off 
an  orbital  branch,  which  runs  ah>ng  the  upper  border  of  the  zygoma,  between 
the  two  layers  of  the  temjmral  fixvscia,  to  the  outer  angle  of  the  orbit.  This 
branch  supplies  the  Orbicularis  palpebrarum,  and  anastomoses  with  the  lachrymal 
and  palpebral  branches  of  the  ophthalmic  artery. 

The  anterior  auricular  branches  are  distributed  to  the  anterior  portion  of  the 
pinna,  the  lobule,  and  part  of  the  external  meatus,  anastomosing  with  hraocbes 
of  the  posterior  auricular. 

Surgical  Anatomy. — It  ocni-sionally  happens  that  the  sur,t?eon  is  called  upon  to  perlorm 
the  opemtion  of  arteriolouiy  unou  this  vessel  in  ciises  of  intiiimmatiou  oJ'  the  eye  or  brain.  If 
the  sttident  will  consider  the  relatiotis  of  the  trunk  of  this  vciwel  as  it  crosses  the  zygomatic  arch 
with  the  surnjimdiiig  structures,  he  will  observe  that  it  is  covered  by  a  thiek  and  dense  fascia, 
crossed  by  one  or  two  veiuM.  and  a<'c<jm  punier  I  by  branches  of  tfie  facial  and  auriciLlo-t'Ciu- 
poral  nerA^ea.  Bleedin^r  should  not  be  performed  in  this  situation,  as  luiich  difficulty  may  arise 
mm.  the  dense  fiu*cia  over  the  vessel  prcventinir  a  free  flow  of  hluod,  and  ('on.*iderahle  pressure 
is  requisite  afterward]  to  ivprcHs  the  h^morrhape.  Again,  a  varicose  aneurism  may  be  ibrmed 
by  the  accidental  openinj^f  of  «*ne  of  the  veins  in  front  of  tlie  artery,  or  severe  neuralgic  min 
may  arise  from  the  opemtion  inipHcatiug:onc  of  the  nervous  filaments  in  the  neigh borhtwd.  The 
anterior  bmnch,  on  the  eonlniry,  is  subcutaneous,  is  a  large  vessel^  and  is  readily  compressed;  it 
should  consequently  always  be  selected  for  the  operation. 

The  Intemal  Maxillary  (Fig-  S-IO),  the  larger  of  the  two  terminal  branches  of 
the  external  carotid,  passes  inward,  at  right  angles  from  that  vessel,  to  the  inner 
side  of  the  neck  of  the  condyle  of  the  lower  jaw,  to  supply  the  deep  structures  of 
the  face*  At  its  origin,  it  is  imbedded  in  the  substance  of  the  parotid  gland, 
being  on  a  level  with   the  lower  extremity   of  the  lobtde  of  the  ear. 

In  the  first  part  nf  its  course  {majtiHarjf  portion)  the  artery  passes  horizon  tally 
forward  and  inward,  between  the  ramus  of  the  jaw  and  the  internal  lateral  lig* 
ament.  The  artery  here  lies  parallel  with  the  auriculo-temporal  nerve;  it  crosses 
the  inferior  dental  nerve,  and  lies  along  the  lower  border  of  the  External 
pterygoid  muscle. 

In  the  second  jmrt  of  its  course  {pterif(}im}  portion)  it  runs  obtiipiely  forwanl 
ind  upward  uifon  the  outer  surface  of  the  External  pterygoi<l  moscle,  being 
covered  by  the  ramus  of  the  lower  jaw  and  lower  i)art  of  the  Temporal  muscle. 

In  the  third  part  of  its  course  [ffphe no-mar Hktn/  portion)  it  approaches  the 
superior  maxillary  bone,  and  enters  the  spheno-maxillary  fossa  in  the  interval 
between  the  two  heads  of  the  External  pterygoid,  where  it  lies  in  relation  with 
Meckel's  ganglion,  and  gives  off  its  terminal  branches, 

Pecidiarities. — Occasi^mallv*  this  arter>^  passes  between  the  two  Pterygoid  museles.  Tlie 
vessel  in  this  c;i.se  passes  t«>rwaril  to  the  interval  between  the  processes  of  on^n  of  the  External 
pterygoid,  in  order  to  reach  the  sut>erior  niaxillnry  iHine.  himietimes  the  vessel  escapes  from 
beneath  the  External  pterygoid  by  perforatiuif  the  middle  of  that  muscle. 

The  branches  of  this  vessel  may  be  divided  into  three  groups,  corresponding 
with  its  three  divisions. 
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THE  ARTERIES, 


Branches  of  the  FtR^^t  on   Maxillary   Portion   of  tiik  Internal  Max- 
illary (Fig.  351). 
Tym panic  (anterior).  Small  Meningeal. 


Middle  MeninueaL 


Inferior  Dental. 


The  tympanic  brancli  passes  upward  behind  the  articulation  of  the  lower  jaw, 
enters  the  tympanum  through  the  Glaserian  fissure,  and   ramifies  upon   the  mem- 
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Fia.  350 -The  internal  mAxtllary  flrtt^ry.  iLnd  its  bruncbes. 


Iki^  Temparal^ 


Middle  Mminff^,. 

Meningea  Farva.- 

T^mpitnic- 

Inftriw  Denttd.' 


I  Vidian. 


Fig.  aTiL— Plan  of  the  h ranches. 

brana  tympani,  forming  a  vascnlar  circle  aroimd  the  membrane  with  the  stylo- 
mastoid artery,  and  anastomosing  with  the  Vidian  and  the  tymiianie  branch  from 
the  internal  carotid.  It  gives  off  a  branch  (deep  aHrfruhtr)iij  the  external  meatus. 
supplying  its  lining  and  the  outer  surface  of  the  membrana  tympani. 

The  middle  meniiigeal  is  the  largest  of  the  bnuiches  which  supply  the  dura 
maten  It  ansos  from  the  internal  maxillary,  between  the  internal  lateral  liga- 
ment and  the  neck  of  the  jaw,  and  passes  vertically  upward  between  the  two 
roots  of  the  auricnla-temponil  nerve  to  tlie  foramen  sj>inosuni  of  the  8|>henoid 
hone.  On  entering  the  cranium  it  divides  into  two  branches,  anterior  and  poste- 
rior. The  anterior  brani'It^  ihe  larger,  crr»sses  the  great  ala  o{  the  pjjhenoid,  and 
reaches  the  groove,  or  eanal,  in  the  anterior  inferior  angle  of  the  parietal  bone : 
it  then  divides  into  branches  which  spread  out  between  the  dura  nmter  and  internal 
surface  of  the  cranium,  some  passing  upward  over  the  parietal  bone  as  far  as  the 
vertex,  and  others  backward  to  the  occipital  bone.  The  pontermr  hnuieh  crosses 
the  S(|uamous  portion  td'  the  temporaU  and  on  the  inner  surface  of  the  parietal 
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bone  divides  into  brancbes  which  supply  the  posterior  part  of  the  dura  mater  and 
craniiinu  The  bninclies  of  this  vessel  are  distributed  partly  to  the  dura  mater, 
but  chiefly  to  the  bune.s  :  they  anastomose  with  the  arteries  uf  the  opposite  side, 
and  with  the  anterior  and  posterior  nieningeal. 

The  middle  meningeal  on  entering  the  cranium  gives  off  the  following  collat- 
eral branches :  1.  Numerous  small  vessels  to  the  ganglion  of  the  fifth  nerve  and 
to  the  durn  mater  in  this  situation;  2,  A  branch  {petrosal  brmich),  wbich  enters 
the  hiatus  Fallopii,  supplies  the  facial  nerve,  and  anastomoses  with  the  stylo- 
mastoid branch  of  the  posterior  auricular  artery;  3.  Orbital  branches,  which  pass 
through  the  sphenoidal  fissure  or  through  separate  canals  in  the  great  wing  of  the 
Bphenoid  to  anastomose  with  the  lachrymal  or  other  brancbes  of  the  ophthalmic 
artery ;  4.  Temporal  branches,  which  pass  through  foramina  in  the  great  wing  of 
the  sphenoid,  and  anastomose  in  the  temporal  fossa  with  the  deep  temporal  arteries. 

Surgical  Anatomy, — The  middle  meuiniL'eiil  is  an  arter>'  of  considerable  sxinrieal  import- 
ance, !us  it  uKvy  be  injuria]  in  fhtctures  of  the  temporal  n?gion  of  the  skull  and  the  injurj^  may 
be  followed  by  coosidendile  hieuinrrhnce  between  the  btvne  sind  dura  muter,  which  may  cause 
oonipresiiion  of  the  bmin  and  re<tiiire  the  openitioii  of  trephining  for  its  relief     This  artery 
■  Grofises  the  anterior  inferior  anicde  of  the  parietal  bone  at  a  point  1^  inehej?^  behind  the  external 
'angular  pnx^ess  of  t lie  fn>i»tal  hme,  and  li  inches  above  the  zveonui.    From  tlits  point  the  ante- 
rior branch  passes  upward  and  sliiihtly  baekward  to  the  sagittal  suture,  lyinjtr  acxjut  i  inch  to 
i  ineh  belli nd  the  wmnal  suture.     The  posterior  bnuich  ptisi*es  npwanl  and  backward  over  the 
squamous  portion  of  the  temporal  bone.     In  order  to  exj)ose  the  iirterj^  as  it  lies  in  the  citnal  in 
I  the  parietal  bone,  a  sernihinar  ineisiim,  with  its  convexity  upward,  should  be  made,  eomment^iug^ 
an  inch  behind  the  wxteynal  angular  procc^H,  and  carried  backward  tor  2  inches.     The  structures 
cut  through  are:  (1)  skin  ;  (2)  auperfioial  fascia,  with  brandies  of  the  superticial  temporal  vessels^ 
and  nerves;  (3)  the  fascia  wntiniied  down  irom  the  nponenrosis  of  the  Oceipito-frontalls;  (4) 
the  two  layers  of  the  temporal  fascm;  (5)  the  tempond  muscle;  (6)  the  deep  temporal  vessels; 
(7)  the  pericranium  ;  and  IH)  the  bone. 

The  small  meningeal  h  sometimes  derived  from  the  preceding.  It  enters  the 
skull  through  the  foranien  ovale,  and  supplies  the  Gasserian  gatiglion  and  dura 
mater.  Before  entering  the  cranium  it  gives  off  a  branch  to  the  nasal  fossa,  soft 
palate,  and  toesiL 

The  inferior  dental  descends  with  the  dental  nerve  to  the  fiiramen  on  the  inner 
side  of  the  ramus  of  the  jaw.  Il  runs  along  tfie  dental  canal  in  the  substance 
of  the  bone,  accompanied  by  the  nerve,  and  ojjposite  the  first  bicusj/id  tooth  divides 
into  two  branches,  incisor  and  mental ;  tfie  former  is  continued  forward  beneath 
the  incisor  teeth  as  far  as  the  symphysis,  where  it  anastomoses  with  the  artery  of 
the  opposite  side;  the  mental  branch  escapes  with  the  nerve  at  the  mental  foramen, 
suppliei^  the  structures  c<uu|iosing  the  cbin.  and  anastomoHes  with  the  submental, 
inferior  labial,  and  inferior  coronary  arteries.  As  tlie  dental  artery  enters  the 
foramen  it  gives  olf  a  tnt/io-h/otJ  hr^nwh^  which  runs  in  the  mylo-byoid  groove, 
and  ramifies  on  the  tinder  surfiice  of  the  Mylo-byoid  muscle.  The  dental  and 
incisor  arteries  during  their  course  through  the  substance  of  the  bone  give  ofi'  a 
few  twigs  which  are  lost  in  the  cancellous  tissue,  and  a  series  of  branches  which 
correspond  in  number  to  the  roots  of  the  teeth  :  these  enter  the  minute  apertures 
at  the  extremities  of  the  fangs  and  su[>ply  the  pulp  of  the  teeth, 

^Branches  of  the  Secoxd  or  Pterygoid  Pohtion  of  Internal  Maxillary. 
Deep  Temporal.  Masseteric. 

Pterygoid.  Buccal. 

These  branches  are  distributed,  as  their  names  imply,  to  the  muscles  in  the 
maxillary  region. 

The  deep  temporal  arteries,  two  in  number,  anterior  and  posterior,  each  occupy 
that  parr  of  the  temporal  fossa  indicated  by  its  name.  Ascending  between 
rthe  Temporal  muscle  and  pericranium,  they  supply  that  muscle  and  anastomose 
with  the  other  temporal  arteries,  the  anterior  branch  commynicating  with  the 
lachrymal  through  small  branches  which  perforate  the  malar  bone  and  great  wing 
of  the  sphenoid- 


i 


562 


rtiR  arteries: 


The  pterygoid  brancliea,  irregular  in  tlieir  number  and  origin,  supply  the 
Ptervgoid  in  useles. 

The  masseteric  is  a  small  branch  which  parses  outward,  above  the  sigmoid 
notch  of  tbe  lower  jaw,  to  the  deep  surface  of  the  Masseter.  It  supplies  that 
muscle,  and  aaastomoBes  with  the  masseteric  branches  of  the  facial  and  with  the 
transverse  facial  iirtery» 

The  buccal  is  a  small  branch  which  runs  obliquely  forward  between  the  Internal 
pterygoid  and  the  ramus  of  the  jaw,  to  the  outer  surface  of  the  Buccinator,  to 
which  it  is  distributed,  anastomosing  with  branches  of  tbe  facial  artery. 

Branches  of  the  Third  or  Spiieno-maxillarv  Porteon  of  Internal 

Maxillary. 

Alveolar,  Vidian, 

Infra-orbitaL  Ptery  go- palatine. 

Posteri6r  or  Descending  Palatine-  Naso  or  Spheno-palatine. 

The  alveolar  or  posterior  dental  branch  is  given  off  from  the  internal  maxillary 
by  a  common  bninch  with  the  infra-urbitab  and  just  as  the  trtnik  of  tbe  vessel  is 
passing  inio  the  spheno-maxillary  fossa.  Descending  ui>un  the  tuberosity  of  the 
superior  maxilkry  bone,  it  divides  into  numerous  branches,  some  of  which  enter 
the  posterior  dental  canals,  to  supply  the  tnolar  and  bicus|)id  teeth  and  the  lining 
of  the  antrum,  and  others  are  continued  forward  on  the  alveolar  process  to  supply 
the  gums. 

Tlie  infra-orbital  appears,  from  its  direction,  to  be  the  continuation  of  the  trunk 
of  tlte  internal  maxillary.  It  arises  froin  that  vessel  by  a  common  trunk  with  the 
preceding  branch,  and  runs  along  the  infra-orbital  canal  with  the  superior  maxil- 
lary nerve,  emerging  upon  the  face  at  the  infra-orbital  foramen,  beneath  the  Levator 
labii  superioris.  Whilst  contained  in  the  canal,  it  givers  off  branches  which  ascend 
into  the  orbit,  anil  supply  the  Inferior  rectus  and  Inferior  oblit|ue  muscles  and  the 
lachrymal  gland.  Other  branches  (anferhr  denial)  descend  through  canals  in 
the  bone  to  supply  the  mucous  metidirane  of  the  antrum  and  the  front  teeth  of 
the  upper  jaw.  On  the  face  some  branches  pass  inward  toward  the  nose,  anasto- 
mosing with  the  angular  branch  of  tlie  facial  artery  and  nasal  branch  of  the 
0]>hthalmic ;  and  other  branches  descend  beneath  the  Levator  labii  superioris  and 
anastuinose  with  the  transverse  facial  and  buccal  branches. 

The  four  remaining  branches  arise  from  that  portion  of  the  internal  maxillary 
which  is  contained  in  the  spheno*raaxillary  fossa. 

The  descending  palatine  jmsses  down  the  posterior  |>alatine  canal  with  the 
anterior  palatine  branch  of  Meckel's  ganglion,  and,  emerging  from  the  posterior 
palatine  foramen,  runs  forward  in  a  groove  on  the  inner  side  of  the  alveolar  border 
of  the  hard  palate  iu  the  anterior  palatine  canal,  where  (be  terminal  branch  of  the 
artery  passes  uj»ward  through  the  foramen  of  8  ten  son  to  anastomose  with  the 
naso- palatine  artery.  Its  branches  are  distributed  to  the  gums,  the  mucoiia 
membrane  of  the  hard  palate,  and  the  palatine  glands.  Whilst  it  is  contained  in 
the  palatine  canal  it  gives  off  branches,  which  descend  in  tbe  accessory  palatine 
canals  to  supply  the  soft  palate  and  tonsil,  anastomosing  with  the  ascenditig 
palatine   artery. 

The  Vidian  brancli  passes  backward  along  the  Vidian  canal  with  the  Vidian 
nerve.  It  is  distributed  to  the  upper  part  of  the  pharynx  and  Eustachian  tube, 
sending  a  small  branch  into  the  tympanum,  which  anastomoses  with  the  anterior 
tympanic- 

The  pterygo-palatine  is  also  a  very  snmll  branch,  which  passes  backward 
through  the  jiterygo-palatine  canal  with  the  pharyngeal  nerve,  and  is  distributed 
to  the  npjier  part  of  the  pharynx   and  Eustachian  tube. 

The  splieno-palatine  passes  through  the  spheno-palatine  foramen  into  the 
cavity  of  the  nose,  at  the  hack  part  of  the  superior  meatus,  and  divides  into  two 
branches :   one  internal,  t!ie  inim-paJatint'  or  Hit/Hrit/r  tirten/  of  the  »eptnm^  passes 
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obliquely  downward  and  forward  along  the  septum  nasi,  supplies  the  mucous 
membrane,  and  anastomosea  in  front  with  the  terminal  branch  of  the  descending 
palatine.  The  external  branches,  two  or  three  in  number,  supply  the  mucous 
membrane  covering  the  lateral  wall  of  the  nose,  the  antrum,  and  the  ethmoid  and 
sphenoid  ceUs. 


SURGICAL  ANATOMY  OF  THE  TRIANGLES  OF  THE  NECK. 

The  student  having  considered  the  relative  anatomy  of  the  large  arteries  of  the 
neck  and  their  branches,  and  the  relations  they  hear  to  the  veins  and  nerves,  should 
now  examine  these  structures  collectively,  as  they  present  themselves  in  certain 
regions  of  the  neck,  in  each  of  which  important  operations  are  constantly  being 
performed. 

The  side  of  the  neck  presents  a  somewhat  quadrilateral  outline,  limited,  above, 
by  the  lower  border  of  the  body  of  the  jaw,  and  an  imaginary  line  extending  from 
the  angle  of  the  jaw  to  the  mastoid  process  ;  below,  by  the  prominent  upper  border 
of  the  clavicle  ;  in  front,  by  the  median  line  of  the  neck :  behind,  by  the  anterior 
margin  of  the  Trapezius  muscle,  Tliis  space  is  sidnlivided  into  two  large  triangles 
by  the  Sterno-mastoid  muscle,  which  passes  oblitjuely  across  the  neck,  from  the 
sternum  and  clavicle  below  to  the  mastoid  process  above.  The  triangular  space 
in  front  of  this  muscle  is  called  the  anterior  triangle  ;  and  that  behind  it,  the 
p osterio r  tria  nt/ le . 

Anterior  Triangle  of  the  Neck. 

The  anterior  triangle  is  bounded,  in  front,  by  a  line  extending  from  the  chin 
to  the  sternum  ;  behind,  by  the  anterior  margin  of  the  Sterno*mastoid ;  its  base, 
directed  upward,  is  formed  by  the  lower  border  of  the  body  of  the  jaw  and  a  line 
extending  from  the  angle  of  the  jaw  to  the  mastoid  process;  its  apex  is  below,  at 
the  sternum.  This  space  is  subilivide*!  into  three  smaller  triangles  by  the  Digagtric 
muscle  above  and  the  anterior  belly  of  the  Umo-hyoid  below.  These  smaller 
triangles  are  named,  fn)m  below  upward,  the  inferior  carotid,  the  superior  carotid, 
and  the  submaxillary  triangle. 

The  Inferior  Carotid  Triangle  is  bounded,  in  front,  by  the  median  line  of  the 
neck  ;  behind,  by  the  anterior  margin  of  the  Sterno-tuiustoid  ;  above,  by  the  anterior 
belly  of  the  (Jmo-hyoid  ;  and  is  covered  by  the  integument,  superficial  laseia, 
Flatysina,  antl  deep  fascia,  rauiifyiTig  between  which  is  the  descending  branch  of 
the  superficialis  colli  nerve*  Beneath  these  superficial  structures  are  the  Sterno- 
hyoid and  Sterno-thyroid  muscles,  which,  together  with  the  anterior  margin  of 
the  8terno-mastoid,  conceal   the  lower    part  of  the  common  carotid  artery.^ 

This  vessel  is  enclosed  within  its  sheath,  together  with  the  internal  jngidar 
vein  and  pneumogastric  nerve;  the  vein  lying  on  the  outer  side  of  the  artery  on 
the  right  side  of  the  neck,  but  overlapping  it,  or  pa^ssing  directly  across  it  on  the 
U^ft  side;  the  nerve  lying  between  the  artery  and  vein,  on  a  plane  posterior  to 
both.  In  front  of  the  sheath  are  a  few  filaments  descending  from  the  loop  of  com- 
munication between  the  descendensand  communicans  hypoglossi ;  behind  the  sheath 
are  seen  the  inferior  thyroid  artery,  the  recurrent  laryngeal  nerve,  and  the  sym- 
pathetic nerve;  and  on  its  inner  side,  the  trachea,  the  thyroid  gland — much  more 
prominent  in  the  female  than  in  the  male — and  the  lower  part  of  the  larynx.  By  cut- 
ting into  the  upper  part  of  this  space  and  slightly  displacing  the  Stcrno-inastoid 
mtuscle  the  common   carotid  artery  may    be    tied   below   the   Omo-hyoid  muscle. 

The  floor  of  the  inferior  carotid  triangle  is  formed  by  the  Longus  colli  muscle 
below,  by  the  Scalenus   anticus  above  (see  Fig.  284,  page   424),  between  which 

^  Therefore  the  cotnnicm  t'urolid  artery  ;ifid  interniil  juj^ulur  vein  are  not,  fitrictly  R|>eakiiiKi,  coii- 
taioed  in  diis  triarigle,  »inee  they  are  t:overetl  hv  the  Sterno-maiitoid  muscle;  Ihut  is  to  say,  \m  behind 
the  anterior  border  of  that  miis*:  le,  wliieh  fornix  the  posterior  honler  of  the  triang'le.  But  as  they  lie 
very  clowe  to  the  j^trtietun^  which  are  n?nlly  corUifcined  in  the  triangle^  and  wh^ifie  position  it  b 
^»ential  lo  remember  in  *jf»eratijig:  on  thiis  part  of  the  artery,  it  has  seemed  expedient  to  study  the 
relations  of  all  these  parLs  togettier. 
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muscles  tbe  vertebral  artery  and  vein  will  be  found  passing  into  the  foramen  in  the 
sixth  transverse  process  ;  a  small  portion  of  the  origin  of  the  Rectus  capitis  anticus 
major  mav  also  be  seen  in  tbe  floor  of  the  space. 

Tbe  Superior  Carotid  Triangle  is  bounded,  behind,  bv  tbe  Sterno-mastoid ; 
below,  by  the  auterivu'  belly  of  tbe  Umo-byoid;  and  above,  by  the  posterior  bellj 
of  tbe  Digastric  muscle.  It  is  covered  by  the  integiimenr,  superficial  fascia. 
Platysraa,  and  deep  fascia,  ramitying  between  wbich  are  branches  of  tbe  facial 
and  superficialis  c<dli  nerves.  Its  floor  is  formed  by  parts  of  tbe  Tbyro-hyoid, 
Hyo-glossus,  and  tbe  inferior  and  middle  Constrictor  muscles  of  the  |.harynx. 
This  space  contains  the  u|iper  part  of  the  common  carotid  artery,  which  bifurcates 
opposite  the  upper  border  of  the  thyroid  cartilage  into  the  external  and  internal 
carotid.  These  vessels  are  occasionally  somewhat  concealed  from  view  by  the 
anteriormargiri  of  the  Sterno-mastoid  muscle,  which  overlaps  them.  The  external 
and  internal  carotids  lie  side  by  side,  the  external  being  the  more  anterior  of  the 
two.  Tbe  following  branches  of  tbe  external  carotid  are  also  met  with  in  this 
space:  the  superior  thyroid,  running  forward  and  downward;  the  lingual, 
directly  forward;  tbe  facial,  forward  and  upward;  tbe  occipitah  backward; 
and  the  ascending  pharyngeal  directly  upward  on  tbe  innei-  side  of  the  internal 
carotid.  The  veins  met  with  are:  the  internal  jugular,  which  lies  on  tbe  outer 
side  of  the  common  and  internal  carotid  arteries,  and  veins  corresponding  to  the 
above-mentioned  branches  of  the  external  carotid — viz.  the  superior  thyroid,  the 
lingual,  facial,  ascending  pharyngeal,  and  sometimes  the  occipital,^ — all  of  which 
accompany  their  corresponding  arteries  and  terminate  in  the  internal  jugular. 
The  nerves  in  this  space  are  the  following:  In  front  of  the  sheath  of  the  common 
carotid  is  the  descendens  bypoglossi.  The  hypoglossal  nerve  crosses  both  carotids 
above,  curving  round  the  occipital  artery  at  its  origin.  Within  the  sheath,  between 
the  artery  and  vein,  and  behind  both,  is  the  pneutnogastric  nerve;  bebind  the 
sbeath,  the  sympathetic.  On  tbe  outer  side  of  tbe  vessels  tbe  spinal  accessory 
nerve  runs  for  a  short  distance  before  it  pierces  the  Sterno-mastoid  muscle  :  and 
on  the  inner  side  of  the  external  carotid,  just  below  the  hyoid  bone,  may  be  seen 
the  superior  laryngeal  nerve;  and,  still  more  infeiiorly,  the  external  laryngeal 
nerve.  The  upper  part  of  the  larynx  and  lower  part  of  tbe  pbarynx  are  also  found 
in  the  front  part  of  this  space. 

Tbe  Submaxillary  Triangle  corresponds  to  the  part  of  the  neck  immediately 
beneath  tfje  boily  of  the  jaw.  It  is  bounded,  above,  by  the  lower  border  of  the 
body  of  the  jiiw  and  a  line  drawn  from  its  angle  to  the  mastoid  process;  below% 
by  the  posterior  belly  of  the  Digastric  and  Stylo-hyoid  muscles ;  in  front,  by  the 
anterior  belly  of  the  bigastric.  It  is  covered  by  the  integument,  snperficial  fascia, 
Platysma,  and  deep  fascia,  ramifying  between  which  are  branches  of  tbe  facial  and 
ascending  ftlamenls  of  tbe  superficial  cervical  nerves.  Its  floor  is  formed  by  the 
anterior  belly  of  the  Digastric,  the  Mylohyoid,  and  the  Ilyo-glossus  muscles.  This 
space  contains,  in  front,  the  submaxillary  gland,  imlicdded  in  the  substance  of 
which  are  the  facial  artery  and  vein  and  their  glandular  branches;  beneath  this 
gland,  on  the  surface  of  the  Mylo-hyoid  muscle,  are  the  submental  artery  and  tbe 
mylo-hyoid  artery  an<l  nerve.  Tbe  back  part  of  this  space  is  separated  from  the 
front  part  by  the  stylo-maxillary  ligament :  it  contains  the  external  carotid  artery, 
ascending  deeply  in  the  substance  of  the  parotid  gland :  this  vessel  here  lies  in 
front  of,  and  superficial  to,  the  internal  carotid,  being  crossed  by  the  facial  nerve, 
and  giv^es  off  in  its  course  tbe  posterior  auricular,  temporal,  and  internal  maxil- 
lary branches :  more  deeply  are  the  internal  carotid,  the  internal  jugular  vein, 
and  the  pncumogastric  nerve,  sepa totted  from  the  external  caiwtid  by  tbe  Stylo- 
glossus and  Stylo-pharyngeus  muscles  and  the  glosso-pharyngeal  nerve** 

*  The  same  remxirk  will  apply  to  thie  tnangle  as  was  Tnade  atiout  the  inferior  carotid  trian^fle. 
The  fltnicturc*  emjmeram'd  its  coutained  in  the  back  |>nrt  of  tbe  «pnce  lie*  gtrietly  s^fx^kin^^  beneath 
the  rausclca  whieh  form  the  posterior  tKuindarv  of  the  trianj^k^ ;  but  as  it  is  very  important  to  bear  in 
mind  their  clofle  retalion  to  the  parotid  gland  iind  its  boiiodfiriw^  urn  account  of  the  frequency  of  sur- 
gical operutions  on  this  gtuiid  \,  all  these  part^  are  spok^^n  of  together. 
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Posterior  Triangle  op  the  Neck. 

The  posterior  triangle  is  bounded,  in  front,  by  the  Sterno-mastoid  muscle; 
behind,  by  the  anterior  margin  of  the  Trapezius;  its  base  corresponds  to  the 
upper  border  of  the  clavicle;  its  apex,  to  the  occiput.  The  space  is  crossed, 
about  an  inch  above  the  clavicle,  by  the  posterior  belly  of  the  Omo-hyoid,  which 
divides  it  unequally  into  two,  an  upper  or  occipital  and  a  lower  or  subclavian 
triangle. 

The  Occipital,  the  larger  of  the  two  posterior  triangles,  is  bounded,  in  front, 
by  the  Sterno-mastoid ;  behind,  by  the  Trapezius ;  below,  by  the  Omo-hyoid.  Its 
floor  is  formed  from  above  downward  by  the  Splenius  capitis.  Levator  anguli 
scapulae,  and  the  middle  and  posterior  Scaleni  muscles.  It  is  covered  by  the 
integument,  the  Platysma  below,  the  superficial  and  deep  fascias  ;  the  spinal  acces- 
sory nerve  is  directed  obliquely  across  the  space  from  the  Sterno-mastoid, 
which  it  pierces,  to  the  under  surface  of  the  Trapezius ;  below,  the  descending 
branches  of  the  cervical  plexus  and  the  transversalis  colli  artery  and  vein  cross 
the  space.  A  chain  of  lymphatic  glands  is  also  found  running  along  the  pos- 
terior border  of  the  Sterno-mastoid,  from  the  mastoid  process  to  the  root  of  the 
neck. 

The  Subclavian,  the  smaller  of  the  two  posterior  triangles,  is  bounded,  above, 
by  the  posterior  belly  of  the  Omo-hyoid ;  below,  bv  the  clavicle,  its  base,  directed 
forward,  being  formed  by  the  Sterno-mastoid.  The  size  of  the  subclavian  trian- 
gle varies  according  to  the  extent  of  attachment  of  the  clavicular  portion  of  the 
Sterno-mastoid  and  Trapezius  muscles,  and  also  according  to  the  height  at  which 
the  Omo-hyoid  crosses  the  neck  above  the  clavicle.  Its  height  also  varies  much 
according  to  the  position  of  the  arm,  being  much  diminished  by  raising  the  limb, 
on  account  of  the  ascent  of  the  clavicle,  and  increased  by  drawing  the  arm  down- 
ward, when  that  bone  is  depressed.  This  space  is  covered  by  the  integument, 
superficial  and  deep  fasciae,  and  crossed  by  the  descending  branches  of  the  cervical 
plexus.  Just  above  the  level  of  the  clavicle  the  third  portion  of  the  subclavian 
artery  curves  outward  and  downward  from  the  outer  margin  of  the  Scalenus 
anticus,  across  the  first  rib,  to  the  axilla.  Sometimes  this  vessel  rises  as  high  as 
an  inch  and  a  half  above  the  clavicle,  or  to  any  point  intermediate  between  this 
and  its  usual  level.  Occasionally,  it  passes  in  front  of  the  Scalenus  anticus  or 
pierces  the  fibres  of  that  muscle.  The  subclavian  vein  lies  behind  the  clavicle, 
and  is  usually  not  seen  in  this  space ;  but  it  occasionally  rises  as  high  up  as  the 
artery,  and  has  even  been  seen  to  pass  with  that  vessel  behind  the  Scalenus 
anticus.  The  brachial  plexus  of  nerves  lies  above  the  artery,  and  in  close  contact 
with  it.  Passing  transversely  across  the  clavicular  margin  of  the  space  are  the 
suprascapular  vessels,  and  traversing  its  upper  angle  in  the  same  direction,  the 
transversalis  colli  artery  and  vein.  The  external  jugular  vein  runs  vertically 
downward  behind  the  posterior  border  of  the  Sterno-mastoid,  to  terminate  in  the 
subclavian  vein;  it  receives  the  transverse  cervical  and  suprascapular  veins,  which 
occasionally  form  a  plexus  in  front  of  the  artery,  and  a  small  vein  which  crosses 
the  clavicle  from  the  cephalic.  The  small  nerve  to  the  Subclavius  muscle  also 
crosses  this  triangle  about  its  middle.  A  lymphatic  gland  is  also  found  in  the 
space.  Its  floor  is  formed  by  the  first  rib  with  the  first  digitation  of  the  Serratus 
magnus. 

The  Internal  Carotid  Artery. 

The  internal  carotid  artery  supplies  the  anterior  part  of  the  brain,  the  eye, 
and  its  appendages,  and  sends  branches  to  the  forehead  and  nose.  Its  size  in 
the  adult  is  equal  to  that  of  the  external  carotid,  though  in  the  child  it  is  larger 
than  that  vessel.  It  is  remarkable  for  the  number  of  curvatures  that  it  presents 
in  diff*erent  parts  of  its  course.  In  its  cervical  portion  it  occasionally  presents 
one  or  two  flexures  near  the  base  of  the  skull,  whilst  through  the  rest  of  its  extent 
it  describes  a  double  curvature  which  resembles  the  italic  letter  9  placed  horizon- 
tally.    These  curvatures  most  probably  diminish  the  velocity  of  the  current  of 
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blood,  by  increasing  the  extent  of  surface  over  wbich  it  moves  and  adding  to  the 
aiDoiint  of  impedimc'Dt  produced  from  friction. 

lu  considering  the  t-nurse  and  relations  of  this  vessel  it  may  be  conveniently 
divided  into  four  portions:  a  cervical,  petrous,  cavernous,  and  cerebral. 

Cervical  Portion. — This  portion  of  the  internal  carotid  commences  at  the  bifur- 
cation of  the  common  carotid,  opposite  the  upper  border  of  the  thyroid  cartilage, 
and  runs  perpcndicolarly  ujjward,  in  front  of  the  transverse  processes  of  the  three 
upper  cervical  vertcbrie,  to  the  carotid  canal  in  the  petrous  portitui  uf  the  temporal 
bone.  It  is  superficial  at  its  commencement,  hcint^  contained  in  the  superior 
carotid  triangle,  and  lying  (m  the  same  level  as  the  external  carotid,  but  behind 
that  artery  overlapped  by  the  Sterno-mastoid  and  covered  b}^  the  deep  fascia, 
Platysma,  and  integument :  ii  then  parses  beneath  the  parotid  gland,  being  crossed 
by  the  hypoglossal  nerve,  the  Diga,stric  and  Stylodiyoid  muscles,  and  the  external 
caroti<l  and  occipital  arteries.  Higher  up,  it  is  separated  from  the  external  carotid 
by  the  Stylo-glossus  and  Stylo-pharyngeus  muscles,  the  glosstvpharyngeal  nerve, 
and  pharyngeal  branch  of  the  pneumogastric.  It  is  in  relation,  behwd^  with  tlie 
liectus  capitis  anticius  major,  the  superior  cervical  ganglion  of  the  sympathetic, 
and  superior  laryngeal  nerve;  exterually^  with  the  internal  jygular  vein  and  pneu- 
mogastric nerve  ;  uitertuilly^  with  the  pharynx,  tonsil,  the  superior  laryngeal  nerve, 
and  ascending  pharyngeal  artery. 

Petrous  FortioE.^^ — When  the  internal  carotid  artery  enters  the  canal  in  the 
petrous  portion  of  the  temporal  bmie,  it  first  ascends  a  short  ilistance,  then  curves 
forward  and  inwanl,  and  again  ascends  as  it  leaves  the  canal  to  enter  the  cavity 
of  the  skull.  In  this  canal  the  artery  lies  at  first  anterior  to  the  tympanum,  from 
which  it  is  sejia rated  by  a  thin,  bony  lamella,  which  is  cribriform  in  the  young 
subjeut,  and  often  absorbed  in  old  age.  It  is  separated  from  the  l>ony  wall  of  the 
carotid  canal  by  a  j>rolongation  of  dura  mater,  and  is  surrounded  by  filaments  of 
the  carotid  ]>lexus. 

CavemoTia  Portion.— The  interna!  carotid  artery  in  this  part  of  its  course  is" 
situated  between  the  layers  of  the  dura  mater  forming  the  cavernous  sinus,  but 
covered  by  the  lining  membrane  of  the  sinus.  It  at  first  ascends  to  the  posterior 
clinoid  process,  then  passes  forward  by  tlie  side  uf  the  body  of  the  sphenoid  bone, 
and  again  curves  upward  on  the  inner  side  of  the  anterior  clinoid  process,  and 
perforates  tliedtira  luater  forming  the  roof  of  the  sinus.  In  this  part  of  its  course 
it  iM  surrounded  by  filaments  of  the  sympathetic  nerve,  and  has  in  relation  with  it 
externally  the  sixth  nerve. 

Cerebral  Portion, — Having  perforated  the  dura  mater  on  the  inner  side  of  the 
anterior  clinoid  process,  the  internal  carotid  enters  the  inner  extremity  of  the 
fissure  of  Sylvius,  where  it  gives  off  its  terminal  or  cerebral  branches.  This 
portion  of  the  artery  bos  the  optic  nerve  on  its  inner  side,  and  the  third  nerve 
externally. 


Plan  of  the  Relations  of  the  Internal  CAEOTtD  Artery  in  the  Neck. 
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From  the  Petroiu  portion     . 
JVom  the  Cavenwus  portmn 


Surgical  Anatomy.— The  eervit^al  part  nt"  the  ii»ternal  ciirotifl  is  veiy  rarely  wounded, 
Mr  Uiipi>Hr  in  mi  'murvi^un^  piiper  in  the  Me^ltroffhirurgtatf  Trftumctifms,  eoui  pares  the  rare- 
ness of  a  wiHind  of  thi'  internal  eanit id  wit!i  o\w  uf  the  external  or  its  hrunehes.  It  is,  liowever^ 
sometiineH  injured  hy  a  stiib  or  gunslitit  wound  in  die  iieek^  or  even  oeeusioniilly  by  a  stab  from 
within  the  uiouth,  as  when  a  j>ersf>n  receives  a  thrust  from  the  end  «jt  a  parasol  or  falls  down 
with  a  tobacco-pi  lie  in  his  luoutb.  The  rcliition  of  the  internal  carotid  with  the  tonsil  should  be 
espeeially  reuiemwred,  asiristanees  have  oetun-ed  in  which  the  artery  has  been  wounded  during 
the  operation  of  sciirityint:  the  tonsih  and  tktai  Iiii'murrfiuL^e  has  sujK^rveiied.^  The  iodieatiorjs 
for  ligature  are  wonuils,  wben  the  ve^^sel  should  be  exptjsed  by  a  careful  difisectioii  and  tied 
above  and  below  the  bleeding  p^jlnt ;  und  uneurisin,  which  if  noii-tmuiuatic  may  be  treated  by 
^gature  of  the  eonuuon  t^apjiid,  hut  if  traumatic  in  orijtriri  by  exposing  the  sac  and  tying  the 
iressel  above  and  below.  The  incision  for  ligature  of  the  eerviciil  portion  uf  the  intenial  earotid 
ahould  be  made  along  the  anterior  b<:*rder  of  the  8terno-inastoid,  frt>m  the  angle  of  the  jaw  to 
the  upper  border  of  the  tbynJid  cartilage.  The  superficial  structures  beinj^  dividetl  and  the 
Sterno  intiiitoid  defined  and  drawn  outward,  the  cellular  tissue  must  be  carefully  separated  and 
the  posterior  belly  of  the  iJi gastric  and  hypoglossal  nerve  sought  for  as  guides  to  the  veasd. 
When  tbe  arter>'  is  found  the  extenuil  liiirotid  should  be  drawn  inward  and  the  Digastric  mufidea 
upward,  and  the  aneurism  needle  pa^^sed  from  without  inward. 

The  bi^anchcB  given  ofl'  from  the  internal  carotid  are — 

Tympanic  (internal  or  deep), 

(  Arteriie  Rece|>tacu!i, 

<^  Afiterior  Meningeal. 

I  Ophthalmic. 

r  Anterior  Cerebral* 

IT        ji     rt     I     f      ^'  I  Middle  Cerebral* 

Irom  the  Verebral  portiont     <  t>    ^    *      i»  ■     ^- 

^  rostenor  Lommunicating* 

[^ Anterior  Choroid, 

The  cervical  jjortion  of  the  internal  carotid  gives  off  no  branches. 

The  tympanic  is  a  small  branch  which  enters  the  cavity  of  the  tympaniim 
through  amitinte  foramen  in  tbe  earotid  eanab  ami  anastomose8  with  the  tympanic 
hrancli  uf  the  internal  maxillarv,  and  with  tbe  stylo-ma^^toid  artery. 

Tbe  arteriae  receptaculi  are  nniiiei*o«s  small  vessels,  derived  from  the  internal 
carotid  in  the  cavernoii.s  sinus;  they  supply  the  pituitary  body,  the  Gasserian 
ganglion,  and  the  walls  of  the  cavernous  and  inferior  petrosal  sinuses.  Some  of 
these  bratvches  anastomose  with  branches  of  the  middle  meningeal. 

The  anterior  meningeal  is  a  small  branch  which  passes  over  the  lesser  wing  of 
the  sphenoid  to  supply  the  dura  luater  of  the  anterior  fosi^a;  it  anastomoses  with 
the  meningeal  branch  from  the  posterior  ethmoidal  artery* 

The  Ophtlialmic  Artery  arises  from  the  inteiiuil  carotid,  jtist  as  that  vesael 
is  emerging  from  the  cavernmis  sinus,  on  the  inner  side  of  the  anterior  clinoid 
process,  and  entei*s  the  orbit  through  the  optic  foramen,  below  and  on  the  outer 
side  of  the  optic  nerve.  It  then  passes  over  the  nerve  to  the  inner  wall  of  the 
orbit,  and  thence  horizontally  forwai^d,  beneath  the  lower  border  of  the  Superior 
oblique  muscle,  to  a  point  behind  the  internal  angidar  process  of  the  frontal  bone, 
where  it  divides  into  two  terminal  branches,  th^^  fro  at  aJ  and  uaHai, 

Branches,- — The  branches  of  this  vessel  may  he  divided  into  an  orbital  groups 
which  are  distributed  to  the  orhit  and  surrounding  parts,  and  an  ocular  group ^ 
which  supjdy  the  muscles  and  globe  of  the  eye : 


Orbital  Group, 
Lachrymal. 
Supra-orbitjil. 
Posterior  Ethmoidal. 
Anterior  EtbmoidaL 
PaljiebraL 
Frontal. 
Nasal. 

The  lachrymal  is  the  first  and  one  of  the  largest  branches  derived  from 
ophthalmic^  arising  close  to  the  optic  foramen :    not  unfretjuently  it  is  given 


Ocular  Group. 

Muscular. 

Anterior  Ciliary. 

Short  Ciliary. 

Long  Ciliary. 

Arterta  Centralis  Reiinss, 
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from  the  artery  before  it  enters  tlie  rn-bit.     It  accompanies  the  lachrymal  nerve 

along  the  upper  border  (»f  the  Extomal  rectus  muscle,  ami  is  distributed  to  the 
lachrymal  gland.  Its  teruiiiuil  branches,  escaping  from  the  ^land,  are  distribntcd 
to  the  eyeliils  and  conjunctiva,  anaat<miosing  with  the  palpebral  arteries.  The 
lachrymal  artery  gives  iM  one  or  two  malar  hrarif^bes,  one  of  which  passes  through 
a  foramen  in  the  malar  bone,  to  reach  the  temporal  fo^sa?  and  anas  torn  oses  with 
the  deep  temporal  arteries ;  the  other  appears  on  the  cheek  and  anastomoses  vrith 


NomL        Jkdpebral, 


FrmtiaL 


Supra-orlniaL 


Arderior  ethmoidal.' 


^j,h. 


1  ('-tu 


Fiuknm' tikmMoL- 


/TempitraJ  branehet 
of  lachrymal. 

centntlis  retinm. 


Muscular.  ■ 


^^Ophthalmtc>^ 


-Iiittmal  candid. 


Fig.  8SS.— The  ophthftlmic  artery  and  its  branchei,  the  roof  of  the  orbit  having  been  remoTeil 


the  transverse  facial.  A  branch  is  also  sent  backward  through  the  sphenoidal 
fissure  to  the  dura  mater,  which  anastomoses  with  a  branch  of  the  middle  menin* 
geal  artery. 

Peculiarities.— Till!  laehr>mal  arteiy  is  sometimes  derived  from  one  of  the  anterior  branche 
of  the  middle  iiieriifi*<eal  artery. 

The  sapra-orbital  artery  arises  from  the  ophthalmic  as  that  vessel  is  crossing 
over  the  optic  nerve.  Ascending  so  as  to  arise  above  all  the  mtiscles  of  the  orbit, 
it  passes  forward,  with  the  stipra-orldtal  nerve,  between  the  periosteum  and 
Levator  palpebne ;  and,  f Kissing  through  the  supra-orliital  fonirnen,  rlivides  into  a 
superficial  and  deep  branch,  which  supply  tbe  integument,  the  muscles,  and  the 
pericmiiium  of  the  forehead,  anastomosing  with  the  frontal,  the  anterior  branch 
of  the  temporal,  and  the  artery  of  the  opposite  side.  This  artery  in  the  orbit 
supplies  the  Superior  rectus  and  the  Levator  paljiebr!^,  and  sends  a  branch 
inward,  across  the  pulley  of  the  Superior  ohli<jue  muscle,  to  sepply  the  partsat  the 
inner  canthus.  At  the  supra-orbiial  forameii  it  frenucntly  transmits  a  branch  to 
the  dipbx'. 

The  ethmoitial  branches  are  two  in  number— posterior  and  anterior.  The 
former,  which  is  the  smaller,  passes  through  the  posterior  ethmoidal  foramen, 
supplies  the  posterior  ethmoidal  cells,  and,  entering  the  cranium,  gives  off  a 
meningeal  braoch,  wbicli  supplies  tbe  adjacent  dtira  mater,  and  nasal  branches 
which  descend  into  the  nose  through  apertures  in  the  cribriform   plate,  anasto* 
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mosing  with  branclies  of  the  spheno-pa latin e.  The  anterior  ethmoidal  artery 
accompanies  the  nrtsul  nerve  through  the  anterior  ethmoidal  foramen,  supplies  the 
anterior  ethmoidal  eelli^  and  frontal  sinuses,  and,  entering  the  cranium,  gives  off 
a  meningeal  branch,  which  Mipplies  the  adjacent  dura  niater,  and  nasal  branches, 
which  descend  into  the  nose,  through  apertures  in  the  cribriform  plate. 

The  palpebral  arteries,  two  in  numher,  superior  and  inferior,  arise  from  the 
ophthalmic^  opposite  the  p^dley  of  the  Superior  oblique  muscle:  they  leave  the 
orbit  to  encircle  the  eyelids  near  their  free  margin,  forming  a  superior  and  an 
inferior  arch,  which  lie  between  the  Orbicularis  muscle  and  tarsal  jdates;  the 
superior  palpebral  inosculating  at  the  outer  angle  of  the  orbit  with  the  orbital 
branch  of  the  temporal  arterv>  and  with  a  branch  from  the  lachrymal  artery ™-lhe 
inferior  palpebral  inosculating,  at  the  outer  angle  of  the  orbit  with  a  branch 
from  the  lachrymal  and  transverse  facial  arteries,  and  at  the  inner  side  of  the 
lid  with  a  branch  from  the  anguhir  artery.  From  this  anastoojosis  a  branch 
passes  to  the  nasal  duct,  ramifying  in  its  mucous  membrane,  as  far  as  the  inferior 
meatus. 

The  frontal  artery,  one  of  the  terminal  branches  of  the  ophthalmic,  passes  from 
the  orbit  at  its  inner  angle,  and,  ascending  on  the  forehead,  supplies  the  integument, 
muscles,  and  perierantum,  anastomosing  with  the  supraorhit'ul  artery  and  with  the 
artery  of  the  opposite  side. 

The  nasal  artery,  the  other  terminal  branch  of  the  ophthalmic,  emerges  from 
the  orbit  above  the  tendri  iiculi,  antl,  after  giving  a  branch  to  the  upper  part  of 
the  hicbrymal  sac,  divides  into  two  branches,  one  of  which  anastomoses  with  the 
angular  artery;  the  other,  the  dor  if  a  I  in  rnash  runs  ahJng  the  dorsum  of  the  nose, 
ipplies  its  entire  surface,  and  anastomoses  with  the  artery  of  the  opposite  side. 

The  ciliary  arteries  are  divisible  into  three  groups,  the  short,  the  long,  and  ante- 
rior. The  ithorf  eiiutty  arterHii^  front  six  to  twelve  in  ninuber,  arise  from  the  o|di thai- 
mi  c  or  some  of  its  branches  ;  they  surround  the  optic  nerve  as  they  pass  forward 
to  the  posterior  j»art  nf  the  eyeball,  pierce  the  sclerotic  coat  around  the  entrance  of 
the  nerve,  and  supply  the  choroid  coat  and  ciliary  processes.  The  loitq  ciUat^if 
arferu'fi^  two  in  number,  also  pierce  the  posterior  part  of  the  sclerotic,  and  run 
forward,  ahmg  each  side  of  the  eyebalb  between  the  sclerotic  and  choroid,  to  the 
ciliary  muscle,  where  they  divide  into  two  branches:  these  form  an  arterial  circle 
anuind  the  circumference  of  the  iris,  from  which  numerous  radiating  branches 
pass  fLtrwiird,  in  its  substance,  to  its  free  margin,  where  they  form  a  second  arterial 
circle  around  its  pnpilhiry  margin.  The  nniinor  I'ih'anf  arteries  are  derived  from 
the  muscular  branches ;  they  pierce  the  sclerotic  a  short  distance  from  the  cornea, 
and  terminate  in  the  great  arterial  circle  of  the  iris. 

The  arteria  centralis  retinae  is  one  of  the  smallest  branches  of  the  ophthalmic 
artery.  It  arises  frnm  the  ophthalmic  as  that  vessel  is  about  to  cross  over  the 
optic  nerve;  it  pierces  the  optic  nerve  nbli<[ue1y,  and  reins  forward  in  the  centre  of 
its  substance,  and  enters  the  globe  of  the  eye  through  the  porus  opticus.  Its  mode 
of  distribution  will  be  described  in  the  account  of  the  anatomy  of  the  eye. 

The  muscular  branches,  two  in  number,  superior  and  inferior,  supply  the  mus- 
cles of  the  eyeball.  The  superior,  the  smaller,  often  wanting,  supplies  the  Levator 
palpehra?,  Superior  rectus,  and  Superior  oblique.  The  inferior,  more  constant  in 
its  existence,  passes  forward  between  tlie  optic  nerve  and  Inferior  rectus,  and  is 
distributed  to  the  External,  Internal,  and  Inferior  recti,  and  Inferior  oblique. 
This  vessel  gives  off  most  of  the  anterior  ciliary  arteries. 

The  cerebral  branches  of  tlie  internal  carotid  are — the  anterior  cerebral,  the 
middle  cerehrjd,   tlie  pi>sterior  ommunieating,  antl  the  anterior  choroid. 

The  anterior  cerebral  arises  from  the  internal  carotid  at  the  inner  extremity  of 
the  fissure  <»f  Sylvius.  It  passes  forwanl  in  the  great  longitudinal  fissure  between 
the  two  anterior  lobes  of  the  brain,  being  connected,  soon  after  its  origin,  with  the 
vessel  of  the  opposite  side  by  a  short  anastomosing  trunk,  about  two  lines  in  length, 
the  anterior  rommuufcatimj.  The  two  anterior  cerebral  arteries,  lying  side  by 
side,  curve  round  the  anterior  border  of  the  corpus  callosum,  and   run  along  its 
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commenceTBent  of  the  anterior  cerebral  artery  ;  they  pierce  the  anterior  perforated 
space  and  lamina  cinerea,  and  supply  the  head  of  the  caudate  nucleus. 

The  anterior  and  hdernal  fronial  bnaichea  supply  the  two  inferior  frontal 
convr>lutions.  Tiie  middle  and  ifiternfii  fronffi!  hraucheH  supply  the  corpus 
callosum,  the  convolution  of  the  corpus  callosum,  the  inner  surface  of  the  first 
frontal  convolution,  and  the  upper  part  of  the  ascending  frontal  con  volution.  The 
poster  for  and  mternaf  frontal  hrftnches  supply  the  lob  us  qnadratus* 

The  anterior  commanicatmg  artery  is  a  short  branch,  about  two  lines  in 
length,    but   of  moderate   size,  connecting   together  the   two  anterior   cerebral 
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Flo,  S55.^Va5cular  areae  of  the  interuul  surfiice  of  the  cerebrum.    (After  CharcHjt,)    The  regloiiB  marked  off 

by  Iht*  line  {—■ )  reprefsent  the  nre&of  dlstdbutloii  of  the  anterior  cerebral  arter>- :  I.  Anterior  and  internal 

frontttl  Rrterles.    11.  Mhtdk*  and  internal  JVontal  arterk-R.    Ill,  Pcjuiterior  and  itUernid  frontal  arteries,    Tbi* 

n*Rl<niJi  marked  oil  by  the  Una  ( -)  represent   tbe  area  of  dlslribulton  of  the  iKwilerior  cerebral 

arteries:  IV.  to  Uie  tumfjoro'spbenoldallobe;  V.  to  thee 
uueinate  g)'TUB. 


i  cuneus  ami  occipital  lobe  ;  a  third  brancb  suppUe«  thti 


arteries  across  the  longitudinal  fissure.  Sometimes  this  vessel  is  wanting,  the 
two  arteries  joining  together  to  form  a  single  trunk,  which  afterward  divides.  Or 
the  vessel  may  be  wholly  or  partially  divided  into  two;  frequently  it  is  longer 
and  smaller  than  iisuaL  It  gives  off  some  of  the  antero-median  ganglionic  ^roup 
of  vessels,  which  are.  however,  principally  derived  from  the  anterior  cerebraL 

The  middle  cerebral  artery  (Fig.  85*J),  the  largest  branch  of  the  internal  car- 
otid, jKisses  obli^piely  outward  along  the  fissure  of  Sylvius,  and  opposite  the  island 
of  lleil  divides  into  its  terminal  branches.  The  branches  of  the  middle  cerebral 
arterv  are — 


Antero-lateral  Ganglionic. 
External  and  Inferior  Frontal. 


Ascending  FroniaL 
Ascending  Parietal. 


Parie  to-sphenoidah 

The  antero-lateral  ganglio7ne  branched  are  a  group  of  small  arteries  which 
arise  at  the  commencement  of  the  middle  cerebral  artery  ;  they  pierce  the  ante- 
rior |>erfo rated  sjiace  and  supply  the  greater  part  of  the  caudate  nucleus,  the  len- 
ticular nucleus,  the  internal  capsule,  and  a  part  of  the  optic  thalamus.  One 
artery  of  this  group,  distributed  to  tbe  lenticular  nucleus,  is  of  larger  size  than 
the  rest,  and  is  of  special  importance,  as  being  the  artery  in  the  brain  most  fre- 
quently ruptured;  it  has  been  teimeil  by  Charcot  the  ^^  artenf  of  vrrthrfil  hff'ttnrr* 
rkage/'  The  erternai  and  infer  tor  f runt  al  supplies  the  third  or  inferior  frontal 
convolution  (Broca's  convolution).  The  ascend in*^  frontal  supplies  the  ascending 
frontal  convolution.     The  ascending  parietal  supplies  the  ascending  parietal  con- 
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volution.     The  parieto'^pkenotdal  supplies  the  su|ierior  temporo-sphenoidal  con- 
volution and   the  arif^olar  gyrus. 

The  posterior  commimicating  artery  arises  from  the  back  part  of  the  internal 
carotid,  runs  directly  backwai^,  untl  anastomoses  with  the  posterior  cerebral,  a 
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Fig.  ,T56.— The  dlstrlbutloa  of  the  mlrtdle  cerebraJ  artery.    tAft<;r  Charcot.) 

branch  of  the  basilar.  This  artery  varies  considerably  in  size,  being  sumetimes 
small,  and  occasionally  so  large  that  the  posterior  cerebral  may  be  considered  as 
arising  from  the  internal  carotid  rather  than  from  the  basilar.  It  is  fretjuently 
larger  on  one  side  than  on  the  other  side»  From  the  posterior  half  of  this  vessel 
are  given  off  a  number  of  small  branches^  the  pontero' median  fjitift/iiottie  hranehtis^ 
which,  with  similar  vessels  from  the  posterior  cerebral,  pierce  the  posterior  perfo- 
rated space  and  supply  the  internal  surfaces  of  the  optic  thalami  and  the  walls  of 
the  third  ventricle. 

The  anterior  choroid  is  a  small  but  constant  branch  which  arises  from  the 
back  part  of  the  internal  carotid,  near  the  posterior  communicating  artery. 
Passing  backward  and  outward,  it  entern  the  descending  born  of  the  lateral  ven- 
tricle beneath  the  edge  of  the  middle  lobe  of  the  brain.  It  is  distributed  to  the 
hippocampus  major,  corjuis  fimbriatum,  velum  interpositum,  and  choroid  plexus, 

The  Blood-vessels  of  the  Brain* 

Recent  investigations  have  tended  to  sh**w  that  the  mode  of  distribution  of 
the  vessels  of  the  brain  has  an  important  bearing  upon  a  considerable  number  of 
the  anatoinical  lesions  of  which  this  j^art  of  the  nervous  system  may  be  the  seat; 
it  therefore  becomes  important  to  consider  a  little  more  in  detail  the  way  in  which 
the  cerebral  vessels  are  distributed. 

The  cerebral  arteries  ai'e  <h'rived  from  the  internal  carotid  and  the  vertebral, 
which  at  the  base  of  the  brain  form  a  remarkable  anastomosis  known  as  the  eircle 
of  WiUla.  It  ia  formed  in  front  by  the  anterior  cerebral  arteries,  brandies  of  the 
internal  carotid,  which  are  connected  together  by  the  anterior  communicating; 
behind  by  the  two  posterior  cerebrals,  branches  of  the  basilar  which  are  connected 
on  each  side  with  the  internal  carotid  by  the  posterior  communicating  (Fig.  854, 
p.  5To).  The  parts  of  the  brain  incliide<l  within  this  arterial  circle  are  the  lamina 
cinerea,  the  commissure  of  the  optic  nerves,  the  infundibulum,  the  tuber  cinereum, 
the  corpora  albican ti a,  and  the  posterior  perforated  space. 

From  the  circle  of  Willis  arise  the  three  trunks  which  togetlier  supi>ly  each 
cerebral  hemisi>here.  From  its  anterior  part  proceed  the  two  anterior  cerebrals, 
from   its  antero-lateral  part  the  middle  cerebral,  and  from  its  posterior  part  the 


\ 


574 


THE  AMTERIES. 


posterior  cerebrals*  Each  of  these  principal  arteries  gives  origin  to  two  very 
diflTerent  systems  of  secondary  vessels*  One  of  these*  systems  has  been  named  the 
cenfraf  gangllonii'  a^/stem,  and  the  vessels  belonging  to  it  supply  the  central  ganglia 
pf  the  brain  ;  the  other  has  been  named  the  eortkuil  arterial  gtfatem,  and  its  vessels 
imify  in  the  pia  mater  and  supply  the  cortex  and  subjacent  medullary  matter. 
These  two  systems,  thuugh  ihey  have  a  common  origin,  do  not  communicate  at  any 
point  of  their  peripberal  distribution,  and  are  entirely  independent  of  each  other. 
Though  some  of  the  arteries  of  the  cortical  system  approach*  at  their  terminations, 
the  regions  supplied  by  the  central  ganglionic  system,  no  commiinication  between 
the  two  sets  of  vessels  takes  place,  and  there  is  between  the  parts  supplied  by 
the  two  systems  a  borderland  of  diminished  nutritive  activity,  where,  it  is  said, 
softening  is  especially  liable  to  occur  in   the  brains  of  old  people. 

The  Central  Qangliomc  System* — All   the  vessels  belonging  to  this  system  are 
given  oft'  from  the  circle  of  Willis  or  from  the  vessels  immediately  after  their  origin 
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Fm.a'VT.— Diagram  of  thi?  arterial  clrculalion  at  the  t»aao  of  the  brain.  (After  Charcot)  I.  Antero-medlan 
iproup  of  gftOifUonie  branciieis,  11.  Post^irfj-me^laii  tn"oyp.  Ill,  Btlght  and  lea  atitero-lateFal  group.  IV.  Right 
And  leJt  potUsro-Iateral  group.    Thu  dutted  lloe  shuwa  the  limit  of  Ihe  gauglionlG  circle. 

from  it,  so  that  if  a  circle  is  drawn  at  a  distance  of  about  an  inch  from  the  circle 
of  Willis,  it  will  include  the  origin  of  all  the  arteries  belonging  to  this  system  (Fig. 
357)^  The  vessels  of  this  system  form  six  principal  groups ;  (I.)  the  antero-median 
gnmp,  derived  from  the  anterior  cerebrals  and  anterior  communicating;  (II.)  the 
ponfero-medtti/i  groiip^  from  the  posterior  cerebrals  and  posterior  communicating ; 
(III.)  the  right  and  left  antero-lateral group ^  from  the  middle  cerebrals:  and (IV.) 
the  right  an<l  left  p(Mero-hjteral grottp^  from  the  posterior  cerebrals,  after  they  have 
wound  round  the  crura  cerebri.  The  vessels  belonging  to  this  system  are  larger 
than  those  of  the  cortical  system,  and  are  what  Colmheim  has  termed  *^  terminal " 
arteries;  that  is  to  say,  vessels  which  from  their  origin  to  rheir  termination  neither 
8Up[ily  nor  receive  any  anastomotic  branch,  so  that  by  one  of  the  small  vessels 
only  a  limited  area  of  the  central  ganglia  can  be  injected  ;  and  the  injection  cannot 
be  driven  beyond  the  area  of  the  part  supplied  by  the  particular  vessel  which  is  the 
subject  of  the  experiment. 

The  Cortical  Arterial  System. — The  vessels  forming  this  system  are  the  terminal 
branches  of  the  anterior,  middle,  and  posterior  cerebral  arteries,  described  above. 


THE  ARTERIES    OF   THE    UPPER   EXTREJflTV, 


575 


These  vessels  divide  and  ramify  in  the  substance  of  the  pia  mater,  and  give  off 
nutrient  arteries  which  penetrate  the  cortex  per[jendicylarly.  These  nutrient  vessels 
are  divisible  into  two  clas8e.s — the  long  and  short.  The  hft*/ — or,  as  they  are  some- 
times called,  the  mediiUan/ — ttrferies  pass  through  the  gray  matter  to  penetrate  the 
centrum  ovale  to  the  depth  of  about  an  inch  and  a  half,  without  intercommunica- 
ting otherwise  than  by  very  fine  capillaries,  and  thus  constitute  so  many  independ- 
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TiQ.  358,— Distribution  of  the  cortical  arteries,  {AttvT  Charcot.)  1,  Medun«ry  arterlei.  1'.  Group  of  i 
arterlet  in  the  iukus  between  two  ai1jat;etit  convolutioru,  V\  AnerieafiUuated  nmonif  Gratlolet'f  __ 
sural  Abres.  2,  2.  Corticiil  arteriea,  a.  Capinary  network  with  fairly  wide  meahee,  situftted  lieiieath  the  pla 
mater,  t>.  Network  with  mtire  ccnujuict^  |H>lyKC)nal  me«he4,  situated  in  the  cortex*  c*  Tmositional  network  with 
wider  meshes,    d.  Capillary  network  in  thV white  matter. 

ent  small  systems.  The  »kort  vessels  are  confined  to  the  cortex,  where  they  form 
with  the  long  vessels  a  compact  network  in  the  middle  zone  of  the  gray  matter,  the 
outer  and  inner  zones  being  sparingly  supplied  with  blood  (Fig,  358)*  The  vessels 
of  the  cortical  arterial  system  aie  not  so  strictly  *' terminar*  as  those  of  the 
central  ganglionic  system,  but  they  ajtproach  this  type  very  closely,  so  that  injec- 
tion of  one  aiea  fi^om  the  vessel  of  another  area,  though  it  may  be  possible,  is 
frequently  very  difficult,  and  is  only  eflected  through  vessels  of  small  calibre.  As 
a  result  of  this,  obstruction  of  one  of  the  main  branches  or  its  divisions  may  have 
the  effect  of  producing  softening  in  a  very  limited  area  of  the  cortex.' 


ARTERIES  OF   THE  UPPER  EXTREMITY. 

The  artery  which  supplies  the  upper  extremity  continues  as  a  single  trunk 
from  its  commencement  down  to  the  elbow,  but  different  portions  of  it  have 
received  different  names  according  to  the  region  through  which  it  passes.  That 
part  of  the  vessel  which  extends  fi-om  its  origin  to  the  lower  border  of  the  first 
rib  is  termed  the  subclavian  ;  beyond  this  puint  to  the  lower  border  of  the  axilla 
it  is  termed  the  axillary  ;  and  from  the  lower  margin  of  the  axilbiry  space  to  the 
bend  of  the  elbr>w  it  is  termed  brachial ;  here  the  single  trunk  terminates  by 
dividing  into  two  branches,  the  radial  and  ulnar — an  arrangement  precisely  similar 
to  what  occurs  in  the  lower  limb. 

'  The  student  who  deflirea  further  informatifjn  on  tliis  isubject  is  referretl  to  Charciit^s  Lomlkaiion 

Sf  Otrihrol  and  Spinal  Zh'teoinn,  p.   42  et  w<y.,  whencje  the  factB  above  given  have  been  princjpaJljf 
erived. 
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THE  SUBOLAYIAN  AETBRIBS  (Fig.  359). 

The  subclavian  artery  on    the  rif^ht  side  arises  frnni  flte  innominate  artery 

opposite  the  right  sterno-ckviciiliir  iirticulation ;  on  the  left  sirJe  it  arises  from  the 

arch  of  the  aorta.     It  folhiws*  therefore,  that  these  two  vessels  must,  in  the  first 

part  tif  their  course,  differ  io  their  length,  their  direction,  and  their  relation  with 


neighboring  parts. 


In  order  to  facilitate  the  description  of  these  vessels,  more  especially  from  a 
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^Int.  mummary  artery. 
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Tin*  3.*»9,— Thi;  tiubcUvIan  wrteryt  «li owing  lU  relatlmis. 
Cut  lege  ^f  Surgeoiif.) 


(From  a  prepuratton  In  the  Museum  of  tbe  Ro]r«l 


surgical  point  of  view,  each  subclavian  artery  has  been  divided  into  three  parts. 
The  first  portion,  on  the  right  side,  passeii*  upward  and  outward  from  the  origin 
of  the  vessel  to  the  inner  border  of  the  Scalenus  antieiis.  Chi  the  left  t^ide  it  ascends 
nearly  vertically,  to  gain  the  inner  border  of  that  muscle.  The  second  part  passes 
outward,  behind  tbe  Scalenus  anticus ;  and  the  third  part  passes  from  the  outer 
margin  of  that  muscle,  beneath  the  clavicle,  to  the  lower  border  of  the  first  rib, 
where  it  becomes  the  axillary  artery.  The  first  portion  of  these  two  vessels 
differs  so  much  in  its  course  and  in  its  rebition  with  neighboring  parts  that  it 
will  be  described  separately.  The  second  and  third  parts  are  alike  on  the  two 
sides. 
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First  Part  of  the  Right  Subclavian  Artery  (Figs.  844,  859). 

The  right  sabclavian  artery  arises  from  the  arteria  innominata,  opposite  the 
right  sterno-clavicular  articulation,  and  passes  upward  and  outward  to  the  inner 
margin  of  the  Scalenus  anticus  muscle.  In  this  part  of  its  course  it  ascends  a 
little  above  the  clavicle,  the  extent  to  which  it  does  so  varying  in  different  cases. 
It  is  covered,  in  fronts  by  the  integument,  superficial  fascia,  Platysma,  deep  fascia, 
the  clavicular  origin  of  the  Sterno-mastoid,  the  Stemo-hyoid,  and  Stemo-thyroid 
muscles,  and  another  layer  of  the  deep  fascia.  It  is  crossed  by  the  internal  jugular 
and  vertebral  veins  and  by  the  pneumogastric,  the  cardiac  branches  of  the 
sympathetic,  and  the  phrenic  nerve.  Beneath^  the  artery  is  invested  by  the 
pleura,  and  behind^  it  is  separated  by  a  cellular  interval  from  the  Longus  colli, 
the  neck  of  the  first  rib,  and  the  cord  of  the  sympathetic  nerve;  the  recurrent 
laryngeal  nerve  winds  round  the  lower  and  back  part  of  the  vessel.  The  subclavian 
vein  lies  below  the  subclavian  artery,  immediately  behind  the  clavicle. 

Plan  of  Relations  of  First  Portion  of  the  Right  Subclavian  Artery. 

In  front 

Skin,  superficial  fascia. 

Platysma,  deep  fascia. 

Clavicular  origm  of  Sterno-mastoid. 

Stemo-hyoid  and  Stemo-thyroid. 

Intemal  jugular  and  vertebral  veins. 

Pneumogastric,  cardiac,  and  phrenic  nerves. 

BenecLth, 
Pleura. 

Behhid. 
Recurrent  laryngeal  nerve. 
Sympathetic. 
Longus  colli. 
Neck  of  first  rib. 

First  Part  of  the  Left  Subclavian  Artery  (Fig.  344). 

The  left  sabclavian  artery  arises  from  the  end  of  the  arch  of  the  aorta, 
opposite  the  fourth  dorsal  vertebra,  and  ascends  nearly  vertically  to  the  inner 
margin  of  the  Scalenus  anticus  muscle.  This  part  of  the  vessel  is,  therefore, 
longer  than  the  right,  situated  more  deeply  in  the  cavity  of  the  chest,  and  directed 
nearly  vertically  upward,  instead  of  arching  outward  like  the  vessel  of  the 
opposite  side. 

It  is  in  relation,  in  front,  with  the  pleura,  the  left  lung,  the  pneumogastric, 
cardiac,  and  phrenic  nerves,  which  lie  parallel  with  it ;  the  left  carotid  artery,  left 
internal  jugular  and  vertebral  veins,  and  the  commencement  of  the  left  innominate 
vein;  and  is  covered  by  the  Stemo-thyroid,  Stemo-hyoid,  and  Sterno-mastoid 
muscles ;  it  has  the  left  carotid  in  front  of,  but  not  in  contact  with,  it ;  behind,  it 
is  in  relation  with  the  oesophagus,  thoracic  duct,  inferior  cervical  ganglion  of  the 
sympathetic,  Longus  colli,  and  vertebral  column.  To  its  inner  side  are  the 
oesophagus,  trachea,  and  thoracic  duct;    to  its  outer  side^  the  pleura. 

Plan  of  Relations  of  First  Portion  of  Left  Subclavian  Artery. 

In  front. 
Pleura  and  left  lung. 

Pneumogastric,  caraiac,  and  phrenic  nerves. 
Left  carotid  artery. 

Left  internal  jugular,  vertebral,  and  innominate  veins. 
Stemo-thyroid,  Stemo-hyoid,  and  Stemo-mastoid  muscles. 
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Inner  side.  /  ^ 

Trachea.  /    o  .  ^'*.      ^  0\UeT  side. 

(Esophagus.  \        Artery.        /  PlcUTa. 

Thoracic  duct  .  \  / 

Behind. 
(Esoi)hagus  and  thoracic  duct 
Inferior  cervical  ganglion  of  sympathetic 
Longus  colli  and  vertebral  column. 

Second  and  Third  Parts  of  the  Subclavian  Artery  (Fig.  347). 

The  Second  Portion  of  the  Snbclavian  Artery  lies  behind  the  Scalenus  anticus 
muscle ;  it  is  very  short,  and  forms  the  highest  part  of  the  arch  described  by  that 
vessel. 

Belatioos. — It  is  covered,  in  fronts  by  the  skin,  superficial  fascia,  Platysma, 
deep  cervical  fascia,  Sterno-mastoid,  and  by  the  phrenic  nerve,  which  is  separated 
from  the  artery  by  the  Scalenus  anticus  muscle.  Behind^  it  is  in  relation  with 
the  pleura  and  the  middle  Scalenus ;  above^  with  the  brachial  plexus  of  nerves ; 
belowy  with  the  pleura.  The  subclavian  vein  lies  below  and  in  front  of  the  artery, 
separated  from  it  by  the  Scalenus  anticus. 

Plan  of  Relations  of  Second  Portion  of  Subclavian  Artery. 

In  front 
Skin  and  superficial  fascia. 
Platysma  and  deep  cervical  fascia. 
Stemo-mastoid. 
Phrenic  nerve. 
Scalenus  anticus. 
Subclavian  vein. 


Above.  I     Subclavian    \  Bdow. 

f         Artery. 

Brachial  plexus.  v     p^on     )  Pleura. 

Behind. 
Pleura  and  Middle  Scalenus. 
The  Third  Portion  of  the  Subclavian  Artery  passes  downward  and  outward 
from  the  outer  margin  of  the  Scalenus  anticus  to  the  lower  border  of  the  first  rib, 
where  it  becomes  the  axillary  artery.  This  portion  of  the  vessel  is  the  most 
superficial,  and  is  contained  in  a  triangular  space,  the  base  of  which  is  formed  in 
front  by  the  Sterno-mastoid,  and  the  two  sides  by  the  Omo-hyoid  above  and  the 
clavicle  below. 

Plan  of  Relations  of  Third  Portion  of  Subclavian  Artery. 

In  front. 
Skin  and  superficial  fascia. 
Platysma  and  deep  cervical  faseia. 

Descending  branohes  of  cervical  plexus.     Nerve  to  Subclavius  muscle. 
Subelavius  muscle,  suprascapular  artery,  and  vein. 
The  external  jugular  and  transverse  cervical  veins. 
The  clavicle. 

Ahovr.  '    ^"jr;i";n-"    ^  Below. 

Brachial  plexus.  \     poluon.     /  First  rib. 


Omo-hyoid. 


Behind. 
Scalenus  mcdius. 
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RelatiGns* — It  is  covered,  in  fronts  hx  the  skin,  the  superficial  fascia,  the 
Phitysma,  deep  cervical  fascia  ;  by  the  clavicle,  the  Subclaviiis  muscle  and  the 
suprascapular  arterv  anfl  vein,  and  the  transverse  cervical  vein  ;  the  clavicular 
descending  branches  of  the  cervical  plexus  and  the  nerve  to  the  Subclavius  muscle 
pass  vertically  downward  in  front  of  the  artery.  The  external  jugular  vein  crosses 
it  at  its  inner  wide,  and  receives  the  suprascapular  and  transverse  cervical  veins, 
which  occasionally  form  a  plexus  in  front  of  it.  The  subclavian  vein  is  below  the 
arterv,  lying  close  behind  the  clavicle.  Behind^  it  lies  on  the  middle  Scalenus 
muscle;  above  it,  and  to  its  outer  side,  is  the  brachial  plexus  and  Omo-hjoid mus- 
cle ;  hdoH\  \%  rests  on  the  upper  surface  of  the  first  rib. 

Peculiaiities.— The  suk'kviau  arteries  vary  in  their  origin,  their  course,  and  the  height  to 
which  they  ris>e  in  the  neck. 

The  origin  of  tlie  riirht  sabekvian  from  the  innominate  takes  place,  fnsome  cases,  above  the 
sterno-clavicubr  articiilatiun,  and  occasionally,  but  1ei*s  iTe<|ueutly,  in  the  cavity  of  the  thorax, 
below  that  jotiU.  Or  tlie  artery  may  arise  as  a  separate  trunk  frctui  tlur  arch  of  the  aorta.  In 
such  cases  it  may  be  either  the  first,  secimd.  thinl,  or  even  the  last  branch  dt- rived  from  that  ves- 
sel; in  the  majonty  of  cases  it  is  the  first  or  last,  rarely  the  sec<»ndor  third.  When  it  is  the  first 
bnmch.  it  wcapies  the  ordinary  position  of  the  imifuninate  arttry ;  when  the  second  t>r  third,  it 
^ains  its  usual  position  by  psussinij  behind  the  right  en  rot  id  ;  atid  when  the  last  brancli,  it  arises 
man  the  letl  extremity  of  the  arch,  at  its  upper  or  back  part,  iokI  |Kis>^es  obliquely  toward  the 
right  si de^  usually  l>ehiud  tlie  tesnphagus  and  right  carotid,  sometimes  between  the  oesophagus 
and  Iraeheu  to  the  upper  border  ot^  tlie  tii'st  rib,  whence  it  follows  its  onlinary  t^cairse.  In  very 
rare  ms^taaces  this  vessel  arises  froiu  the  thoracie  aurta.  as  low  down  as  the  fourth  dorsal  verte- 
bra. Occasionally  it  prforates  the  itnterior  .Scalenus;  more  n*  rely  it  passes  iri  front  of  that 
muscle.  Sometimes  the  subt^lavian  vein  p»asses  with  the  artery  behind  the  Scalenas.  The 
artery  sometimes  asceads  as  hitdi  as  an  inch  and  a  half  alxive  the  clavicle  or  any  intermediate 
point  between  this  and  the  upper  Ijordcr  of  the  bone,  the  right  subclavian  usually  aseembng 
nig  her  than  the  lefL 

The  left  snlxlnvian  is  ficeasion  ally  joined  at  its  origin  with  the  letl  carotid. 

Surface  Marking. ^The  coai'se  uf  the  sahclavisui  aHen-  in  the  neck  may  be  nifipped  out 
by  describing  a  carve^  with  its  convexity  upward  at  the  base  of  the  pa*?terior  triimgle.  The  inner 
end  of  this  curve  corresptinds  to  the  sterno-elavicular  joint,  the  outer  end  to  the  centre  id'  the 
lower  border  ot"  the  clavicle.  The  curve  is  to  be  drawn  with  such  an  amount  of  conveKity  that 
its  mid- point  reaches  half  an  inch  above  tJie  uiqicr  ln>rder  ot^  the  clavicle.  The  lell  sulx^lavian 
arterj'  is  tuore  deeply  placed  than  the  right  in  the  first  part  of  its  course,  and,  as  a  rule,  docs  not 
reach  tpiite  as  iiigh  a  level  in  the  neck.  It  should  he  burne  in  miml  that  tile  posterior  bonier  uf 
the  Sterm>mnstoid  mus<,*ie  correspi>nds  to  the  outer  burder  of  the  Seaicnus  anticus,  so  tlmt  the 
thini  i>ortion  of  the  artery,  that  part  most  aceessilile  for  operation^  lies  immediately  external  to 
the  posterior  Iwnder  of  the  Stcmo- mastoid. 

Surgical  Anatomy.— The  relations  of  the  suln-lavian  arteries  of  the  two  sides  having  been 
examined,  the  stailcnt  should  dirt^ct  his  attention  to  a  cunsiileration  of  the  best  jxisition  inwhiidi 
compression  of  the  vessel  may  be  eflfetletl,  or  in  what  situatiou  a  ligature  may  he  beat  apphed  in 
cases  of  aneurism  ^t  wound. 

Compression  of  the  subclavian  artery  is  rcntiired  in  cases  of  cfperatiims  about  the  shoid- 
der,  in  the  axilla,  or  at  tlie  iipjicr  part  u['  the  arm;  aud  the  student  will  obt^Lrve  that  ihert^  is 
only  one  .situation  in  which  it  eau  be  effectually  applied — viz.  where  the  artery  passes  acmss  the 
outer  surface  of  the  first  rib.  In  order  to  lompn-css  the  vessel  in  this  sit  nation,  the  shoulder 
should  t>e  deijrcsscd,  ami  the  sur^etm,  >rraspine  the  side  of  the  net  k,  ^hiMild  jtrcss  with  his 
thutnb  in  the  aa:rle  i!>rmed  l>y  the  postcriur  Iwirder  of  the  Stermj-masluid  with  tlic  umxr  l»order 
of  the  clavicle,  downward,  backward,  and  inward  agiiinsf  the  rib;  if  IVom  any  cause  tne  shoulder 
cannot  Ijc  suffii-ieutly  depressed,  prcs-sure  may  V>e  maiic  fnun  titdbre  backwaiib  so  as  to  compress 
the  artery  against  the  middle  Scalenus  and  transverse  process  of  the  seventh  cervieal  vertebra. 
In  apiin»iiriate  eiLses,  a  preliminary  incision  may  be  made  througli  the  cervical  fiiscia,  and  the 
finger  tnay  be  pressed  down  directly  ut>iJti  the  artery. 

Ligature  of  the  subclavian  artery  may  t>e  required  in  cases  of  wounds  or  of  aneorism  in 
the  axilla,  or  in  ciises  ui' aneurism  on  the  cardiac  side  itf  the  point  of  ligature ;  and  the  third  f>art 
«>f  the  arler>'  is  that  which  is  most  favoniblc  fur  an  oponition,  on  accmmt  of  its  liciug  compara- 
tively siiperficial  and  nii>st  remote  from  the  firigin  of  the  large  Lnmehes.  In  those  oases  where 
the  clavicle  is  not  displaced,  this  operation  may  he  performed  witJi  comparative  hicility:  but 
where  the  clavicle  is  jiushed  up  by  a  larL^e  aneurisnial  tmnr^r  in  the  axilla  the  artery  is  placed  at 
a  great  depth  fniun  tlie  sarhice,  wliich  materially  iniTeascH  the  diflficnUy  of  the  operation. 
Under  these  circumstances  it  becomes  a  mattt'rnf  imjmrtauce  to  eonsider  the  height  to  which 
this  vessel  reaches  above  the  bone.  In  i>rdinary  ciises  its  arch  is  alM*nt  half  an  inch  above  the 
clavicle.  tH-casionally  9S  high  as  an  inch  and  a  half,  and  sometimes  so  low  as  Xo  be  on  a  level  with 
its  npjMT  Ujrder.  If  the  clavicle  is  disf>la(edr  these  variations  will  ucn^-cssarily  make  the  oi^iem- 
tiou  mure  or  le.s»  diffieult  according  as  tlic  vessel  is  nn^re  at  less  ac<^^cssible. 

The  chief  points  in  the  oiKtration  of  tying  the  tlnnl  portion  of  the  aulxdavian  arterv  are  as 
follows:  The  patient  being  placed  on  a  table  in  the  horizontal  position,  with  the  head  drawn 
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over  to  the  oppoeite  side  and  the  shoulder  depressed  as  much  as  possible,  the  integument  should 
be  drawn  dowirwanl  ujwn  the  clavicle,  and  an  ini'i>ion  made  throiiiili  it,  upon  that  kme,  from 
the  anteriyr  border  of  the  Tnipezitis  to  the  postmor  l>order  of  the  Sternoniiiif^toid.  to  whieli  may 
be  added  a  short  vertical  ineision  ineetiut^  the  |^)receding  in  its  ct-ntre.  Tlie  fthjeet  in  drawing 
the  skin  downward  is  t»)  avtiid  any  risk  uf  wuundm^  the  extern:d  jugular  vein,  for  as  it  perforates 
the  deep  fascia  akive  the  tlavicle,  it  ninnot  be  drawn  duwuwunl  with  the  skin.  The  cervical 
faseia  should  l>e  divided  upon  a  director,  and  it  the  interval  lietween  the  Trapeziui^  and  Sterno- 
mastoid  muscles  be  tnsuilicicut  f<)r  the  perfurnianee  nf  the  upenition,  a  portion  id'  one  or  LmiiIi 
may  Ixi  divided.  The  external  juiiular  vein  will  now  Ik- seen  ttwiird  the  innurside  ofthcw^oinid  : 
tins  and  tlie  suprasciimilar  and  transverse*  cervical  veins,  which  terminate  in  it,  sliould  be  held 
iiside.  If  the  external  jugular  vein  is  at  all  in  the  way  and  exposed  to  injury,  it  should  be  tied 
in  two  places  and  tlivided.  The  suurascupnlar  artery  should  be  avoided,  and  the  Omii-hyoid 
nuisele  held  tiside  if  tiecessary.  In  the  spacf  beneath  this  musele  careful  search  mtist  be  mude 
for  the  vessel :  a  deep  layer  of  fasi^'ia  and  some  coruiective  tissue  luivin.L'  l>een  divided  caretiilly, 
the  outer  mariiin  «»f  tlie^Sealenus  antieus  muscle  uinst  be  felt  for,  and,  the  fint'er  bi?ing  guided  by 
it  tu  the  first  rib,  the  pulsation  of  the  subcltivitiri  artery  will  W  felt  as  it  passes  over  the  rib. 
The  aneurism  needle  may  t!ien  be  passeil  around  the  vessel  IVom  above  downward  and  inwanl,  stj  as 
10  avoid  ineludiiii:  any  of  the  branclufs  of  the  brachial  jilexns.  If  the  clavicle  is  so  raised  by  the 
tutuor  that  the  application  of  the  liirature  cannot  1h>  erfccted  in  this  situation,^  the  arter>^  may  he 
tied  alnivc  the  tirst  rib,  or  even  behinJ  the  Scalenus  antieus  muscle  ;  the  diflieulties  of  the  ope- 
mtion  in  such  a  case  will  be  materially  increased,  on  account  of  the  greater  depth  of  the  artery 
and  the  sdteration  in  position  of  the  siirn>unding  parts. 

The  second  part  of  the  sulx'lavian  artery,  fn>m  beini^  that  fmrtion  which  rises  hiphest  m 
the  neck»  has  I>een  considered  favorable  for  the  ai»plication  of  the  ligature  when  it  is  liilhcult  to 
tie  the  artery  m  the  third  part  of  lis  course.  There  are,  liuwever.  nniny  objections  to  the  ooe- 
ration  in  this  situation.  It  iij  necessary  to  divide  the  Scalenus  antieus  muscle.  \i\mT\  which  lies 
the  phrenic  nerve,  and  at  the  inner  side  of  which  is  situated  the  internal  juirular  vein  ;  and  a 
Tivonnd  of  either  of  these  structures  might  lea<l  to  the  most  dangerous  c<insei|uenec9.  Again, 
the  artery  is  in  contact,  belo^v,  witli  tin?  pleura,  wdiieh  mnst  also  I*  avfiided  :  and,  lastly^  the 
proximity  of  so  many  of  its  large  branches  arisimr  internal  Lo  this  imint  must  be*  a  still  further 
objet'tion  to  the  operation.  In  eases,  bowxn'tjr,  wlicre  the  sac  of  an  axillary  aneurism  encroaches 
on  the  neck,  it  may  be  neeessary  to  divide  the  outer  Inilf  or  two-thirds  of  the  Scalenus  antieus 
muscle,  mi  as  to  place  tlie  ligature  on  the  vessel  ai  a  greater  distance  from  the  sac.  The  •>(>era- 
tion  is  performeu  exa<}tly  in  the  same  way  as  ligature  of  the  third  portion,  nntil  tin*  Scalenus 
antieus  is  exp<ised,  when  it  is  t^i  \hi  divided  on  a  director  (never  to  a  greater  extent  than  its  outer 
two-thirds),  and  it  immediately  retract.'*.  The  operation  is  theretbre  merely  an  extension  of  liga- 
ture of  the  third  portion  of  the  ve^ssel 

In  those  cases  of  aneurism  of  the  axillarj'  or  subclavian  artery  which  encroach  unon  the 
outer  portion  of  the  Scalenus  muscle  to  such  an  extent  that  a  litrature  esuuiot  be  ap]dieil  in  that 
Bitnation,  it  may  be  deemed  advisjible,  as  a  last  resounx',  to  tie  tlie  first  portiifu  of  the  sntda- 
vian  artery.  On  the  left  side  this  ojx^ration  is  dmosi  impracticable  ;  the  great  depth  of  the 
artery  from  the  surface,  it*s  intirnat4J  relation  with  the  plcora,  and  itji  close  juoximity  to  the 
thomcic  duet  ami  to  so  many  impurtant  veins  and  nerves,  [>rescnt  a  series  of  difficulties  which  it 
is  next  to  inu>ossihle  to  oven-t>nn?J  tJn  the  right  side  the  operation  is  practicablt;,  and  Inis  l>cen 
performed,  tnough  never  with  success.  The  main  objection  to  the  opcratinn  in  this  situation  is 
the  snndhie.ss  of  the  interval  which  usiudly  exists  tKitwecn  the  comnu'ncement  of  the  vessel  and 
the  origin  of  the  nearest  branch.  The  operation  may  l^e  performed  in  the  tl>liowing  manner: 
The  patient  being  olaccd  on  the  table  in  the  horizontal  position  with  the  neck  extended,  an  incis- 
ion should  be  made  along  the  ujijic^r  bordei^  of  the  inner  part  of  the  clavicle,  and  a  second 
along  the  inner  bonier  of  the  Slcrno-nntstoid,  tucetini:  the  tbrmer  at  an  angle.  The  sternal 
ttttaehmcnt  uf  the  Storm i-mastoidinay  now  be  divided  on  a  director  and  tnrned  outwapi;  a  few 
small  arteries  and  veins,  and  occasionally  the  anterior  jugular,  must  be  avoided,  or;  if  necessarj'. 
ligatun^d  in  two  jilaees  and  divided,  and  the  Sternodnoid  ami  Sterno-th.vri>td  muscles  divided  m 
the  same  manner  as  the  precedini:  UHi,st*le,  After  tearing  through  the  deep  fascia  with  the  finger- 
nail,  tlie  internal  jngular  vein  will  be  seen  erossine  the  sulx-lavian  artery;  this  should  be  uressed 
aside  and  the  artery  seeuivd  by  passing  the  needle  from  l>elow  upwaivj,  by  wliieh  the  pleuni  ts 
more  effectually  avoided.  The  exact  |KJsition  of  the  vagus  nerve,  the  recurrent  laryngeah  the 
phrenic  and  sympathetic  nerves  shouhl  be  retuendiered,  and  the  ligature  should  V>e  applied  near 
the  origin  of  the  vertelmii  iu  onJer  to  affiird  as  much  rtMiin  as  possible  for  the  formation  of  a 
ooaguhim  t>etween  the  ligattirti  ami  the  origin  of  tlic  vessel.  It  should  be  ivmeujbered  that  the 
right  subtdavian  artery  is  <  MfWionally  deeply  jilat^ed  in  the  first  uart  of  its  course  when  it  arises 
from  the  left  side  of  the  aortic  arch,  and  passt*8  in  such  cases  ben  in  d  the  oesophagus  or  between 
it  ami  the  trachea. 

Collateral  Oirculatian.— After  ligature  of  the  thinJ  part  of  the  subcrlavian  arterv^  the  col- 
lateral eiividati^m  is  mainly  established  W  three  sets  of  ve^^cls,  thus  deseriljed  in  a  dissection: 

*'  1.  A  posterior  set,  consisting  id"  the  supras<.'apular  and  postcrii>r  scapular  bmnches  of  the 
subclavian,  anastomosing  with  the  median  branch  from  the  subscapular  IVom  the  axillary. 

*'2,  An  intennil  set  proiluced  by  the  connection  of  the  internal  mammary  on  the  one  hand^ 

^  The  operation  was,  however,  performed  in  New  York  by  Ur.  J,  K.  Rodgera,  and  the  case  in 
related  in  A  Sif9tem  of  Surgery,  edited  by  T.  Hohues,  2d  ed.  vol.  lii,  pp.  620,  etc 
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iRib  the  superior  and  long  thoracic  arteries,  and  the  hranchea  irom  the  subscapular  on  the 
other. 

''  :i.  A  middle  or  axillary  set,  which  eonsisted  of  a  mimber  of  small  vessels  derived  from 
branches  of  tlie  subciavian,  above,  and,  paMfng  thronirh  the  axill»i>  terminated  either  in  ihe 
main  trunk  or  s<jme  of  the  hranchos  of  the  axiikir>'  below.  This  lai«t  set  j>re8ented  Diost  oon- 
spicuou.sly  the  peculiar  character  of  newiy-formed  or^  rathcrt  dilated  arteries,  being  excessively 
tortuous,  and  foraiing  a  comt>lete  plexui*. 

^'The  chief  agent  in  the  restumtion  of  the  a xillar>' artery  below  the  tumor  was  the  suh- 
Bcapular  arter>%  which  eommuiiieated  most  ireely  with  the  internul  mammar>%  suprascapular, 
ami  fK)sterior  scapular  hraiiehes  of  the  Hubclavian,  fpjm  all  of  which  it  received  so  great  an 
influx  of  hlood  aw  to  dilate  it  Us  three  timew  its  natural  size/'  ^ 

When  a  ligature  is  applied  to  the  first  part  of  the  subclavian  artery,  the  collateral  circula- 
tion is  carried  on  by — 1,  the  anajstomoais  between  the  superior  and  inferior  thyroid ;  2,  the  anas- 
tomosia  of  the  two  vertebrals ;  o,  the  anastomosis  of  the  internal  mammary  with  the  deep 
epijk'astrie  and  the  aortic  intercostak ;  4,  the  superior  interco<sital  anastomosing  with  the  aortic 
interc:o»tals ;  f>,  the  profunda  cervicis  anastomosing  with  the  princei>s  cervicis;  6,  the  scapular 
branches  of  the  thyroid  axis  ansistoraosing  with  the  branches  of  the  axillarj^ ;  and  7,  the  thoracic 
branches  of  the  axillary  anastomosing  with  the  aortic  intercostiik 
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These  are  four  in  number.  On  the  left  side  all  four  branches,  the  vertebral^ 
the  internal  mammart/\  the  thyroid  axis^  and  the  nuperior  intercostal,  generally 
arise  from  the  first  portion  of  the  vessel ;  but  on  the  right  side  the  superior  inter- 
costal usually  arises  from  the  second  portion  of  the  vesseL  On  both  sides  of  the 
body  the  first  three  bniucbes  arise  el"^e  together  at  the  inner  margin  of  the  Sca- 
lenus anticus,  in  the  majority  of  cases  a  free  interval  of  half  an  inch  to  an  inch 
existing  between  the  com  men  cement  of  the 
artery  and  the  origin  of  the  nearest  branch  ; 
in  a  smaller  number  of  cases  an  interval 
of  more  than  an  inch  exists,  never  exceed- 
ing an  inch  and  ihree-qiiarters.  In  a  very 
few  instances  the  interval  had  been  found 
to  be  less  than  half  nn  inch* 

The  Vertebral  Artery  (Fig,  352)  is  gen- 
erally the  first  and  largest  branch  of  the 
subclavian  ;  it  arises  from  the  upper  and 
back  part  of  the  first  [lortion  of  the  vessel, 
and,  passing  u|iward»  enters  the  foramen 
in  the  transverse  process  of  the  sixth  cerv- 
ical vertebra,^  and  ascends  through  the  for- 
amina in  the  transverse  processes  of  all  the 
vertebrje  above  this.  Above  the  upper  bor- 
der of  the  axis  it  inclines  outward  and  upward  to  the  foramen  in  the  transverse 
process  of  the  atlas,  through  which  it  passes;  it  then  winds  backward  behind  its 
articular  process,  runs  in  a  deeji  groove  on  the  upper  surface  of  the  posterior 
arch  of  this  bone,  and,  passing  beneath  the  posterior  occipito-atlantal  ligament, 
pierces  the  dura  mater  and  enters  the  skull  through  the  foramen  magnum.  It 
then  passes  fiirwanl  and  upward  to  the  front  of  the  medulla  oblongata,  and  unites 
with  the  vessel  of  the  opposite  side  at  the  lower  border  of  the  pons  Varolii  to 
form  the  inmiffr  artert/, 

Eelationa. — At  its  origin  it  is  situated  behind  the  internal  jugular  vein  and 
inferior  thyroid  artery  ;  and  near  the  spine  it  lies  between  the  Longus  colli  and 
Scalenus  anticus  muscles,  having  the  thoracic  duct  in  front  of  it  on  the  left  side. 
Within  the  foramina  formed  by  the  transverse  processes  of  the  vertebrje  it  is 
accompanied  by  a  plexus  of  nerves  from  the  inferior  cervical  ganglion  of  the 
sympathetic,  and  is  surrounded  by  a  dense  plexus  of  veins  which  unite  to  form  the 

'  trill/*  HoifpUni  FUportx^  vol.  i.  1836:  caiic  of  axillary  nneurigm,  in  which  Mr.  Aston  Key  had 
tied  the  saljclaviaii  artery  on  the  outer  edge  <4  tlie  Scalenus  muscle  twelve  years  previoufily. 

'  The  vertebral  artery  sometimes  enters  the  foramen  in  ihe  transverse  process  of  the  fifth  ver- 
tebra. Dr.  Smyth,  who  tied  this  artery  in  the  living  subject,  found  it^  in  one  of  hia  diasectioiiB,  pasB- 
ing  into  the  foramen  in  the  seventh  vertebra. 


Fro.  360.— Plan  of  the  brandies  of  tlie  ri^tLt 
subclavian  artery. 
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vertebral  vein  at  the  lower  part  of  the  neck.  It  is  situated  in  front  of  the  cervical 
nerves  as  they  issue  from  the  intervertebral  foramina.  Whilst  winding  round  the 
articular  process  of  the  atlas  it  is  contaiueil  in  a  triangular  space  (suhoceipital 
trtatighi)  formed  by  the  Rectus  capitis  jjostieii.s  major,  the  Superior  and  the  Inferior 
oblique  museles;  and  at  this  point  is  covered  bj  the  Complexus  muscle.  Within 
the  skull,  as  it  winds  round  the  medulla  oblongata,  it  is  placed  between  the  hypo- 
glossrtl  nerve  and  the  anterior  root  of  the  .suboccipital  nerve,  beneath  the  first 
digitation  of  the  liganientuui  cleoliculatuni,  and  finally  lies  between  the  dura  mater 
covering  tbe  basilar  process  of  the  occipital  bone  and  the  anterior  surface  of  the 
medulla  oblongnta. 

Branclies.^These  may  be  divided  into  two  sets — those  given  off  in  the  neck 
and  thosie  within  the  cranium. 

Cervieal  Branches,  Crania!  Branches. 

Lateral  Spinal-  Posterior  Meningeal. 

Muscular.  Anterior  Spinal. 

Posterior  S  pi  nab 
Posterior  Inferior  Cerebellar. 

The  lateral  spinal  branches  enter  the  spinal  canal  through  the  intervertebral 
foramina  and  divide  into  two  branches.  Of  tbcsie,  one  passes  along  the  roots  of 
the  nerves  to  supply  the  spinal  eord  and  its  in  em  li  runes,  anastomosing  with  the 
other  arteries  of  the  s])in;il  cord  :  tbe  other  divides  into  an  ascending  and  a 
descending  branch,  which  unite  with  similar  branches  from  the  artery  above  and 
^below%  so  that  two  lateral  anastomotic  chains  are  formed  on  the  posterior  surface 
of  the  bodies  of  the  vertebni?  near  the  attachment  of  the  pedicles.  From  these 
anastomotic  chains  branches  are  given  off  to  supply  the  periosteum  and  the  bodies 
of  the  vertebra?,  and  to  communicate  with  similar  h ranches  from  the  opposite  side  ; 
from  these  latter  small  b ranches  are  given  oft*  which  join  sjiuilar  branches  above 
^and  below,  so  that  a  central  anastomotic  chain  is  formed  on  the  posterior  surface 
of  the  bodies  of  the  vertebrae. 

Muscular  branches  are  given  off  to  tbe  deep  muscles  of  the  neck,  wbei^e  the 
vertebral  artery  curves  round  the  articular  process  of  the  atlas.  They  anastomose 
with  the  occipitiil  nnd  with  the  ascending  and  deep  cervical  arteries. 

The  posterior  meningeal  are  one  or  two  small  branches  given  off  from  the 
vertebral  opposite  the  foramen  magnum.  They  ramifv  between  the  bone  and  dura 
mater  in  the  cerebellar  fossae,  and  supply  the  falx  cerehelli. 

The  aEterior  spinal  is  a  small  branch,  though  larger  than  the  posterior  spinal, 
which  arises  near  the  ierminatitui  of  the  vertebral,  and,  descending  in  front  of  the 
medulla  oblongata,  unites  with  its  fellow  of  the  opposite  side  at  about  the  level  of 
the  foramen  njagnum,  Tbe  single  trunk,  thus  formeil,  descends  on  the  front 
of  the  spinal  cord,  and  is  reinforced  by  a  succession  of  small  branches  which 
enter  the  spinal  canal  through  the  intervertebral  foramina  ;  these  branches  are 
derived  from  the  vertebral  and  ascending  cervical  of  the  inferior  thyroid  in  the 
neck :  from  the  intercostal  in  the  dorsiil  region ;  and  from  the  lumbar,  ilio- 
lumbar, and  lateral  sacral  arteries  in  the  lower  |iart  of  the  spine.  They  unite,  by 
means  of  ascending  and  descending  branches,  to  form  a  single  anterior  median 
artery,  which  extends  as  far  as  the  lower  i>art  of  the  spinal  cord.  This  vessel  is 
placed  in  the  pia  mater  along  the  anterior  median  fissure:  it  supplies  that  mem- 
brane and  the  substance  of  the  cord,  and  sends  off  branches  at  its  lower  part  to 
be  distributed  to  the  cauda  e(|uina,  and  ends  on  the  centi*al  fibrous  prolongation 
of  the  cord. 

The  posterior  spinal  arises  from  the  vertebral  at  tbe  side  of  the  medulla 
oblongata:  passing  backward  to  the  posterior  aspect  of  the  spinal  cord,  it  descends 
on  each  side,  lying  behind  the  posterior  roots  iif  the  spinal  nerves,  and  is 
reinforced  by  a  succession  of  small  branches  which  enter  the  spinal  canal  through 
the  intervertebral  foramina,  and  by  which  it  is  continued  to  the  lower  part  of  tne 
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cord  and  to  the  eauda  equina.  Branches  from  these  vessels  form  a  free  anasto- 
mosis round  the  posterior  roots  of  the  spinal  nerves,  and  communicate,  bj  means 
of  very  tortuous  transverse  branches,  with  the  vessel  of  the  opposite  side*  At  its 
commencement  it  gives  off  an  ascending  branch,  which  temiinates  on  the  side  of 
the  fonrth  ventricle. 

The  posterior  inferior  cerebellar  artery  (Fig,  354),  the  largest  branch  of  the 
vertebral,  winds  backward  round  the  upper  part  of  the  medulla  oblongata,  passing 
betweiin  the  origin  of  the  pnenmogastric  and  spinal  accessory  nerves,  over  the 
restiforra  body  to  the  under  surface  of  the  cerebellum,  where  it  divides  into  two 
branches — an  internal  one,  which  is  contiuued  backward  to  the  notch  between 
the  two  hemisjjheres  of  the  cerebellum ;  and  an  external  oue,  which  supplies  the 
under  surface  of  the  cerebellum  as  far  as  its  outer  border,  where  it  anastomoses 
with  the  anterior  inferior  cerebellar  and  the  superior  cerebellar  branches  of  the 
basilar  artery.  Branches  from  this  artery  supply  the  choroid  plexus  of  the  fourth 
ventricle. 

Surgical  Anatomy. — The  vertebral  artery  has  been  tied  in  several  instances:  J,  fbr 
wiitmds  or  tnmniatie  atiearisin  ;  2,  attiir  h mature  of  the  iauominate,  either  at  tlic  same  time  to 
prevent  hjemorrhatre,  or  later  on  to  arrest  bleeding  where  it  has  oi^ciirred  at  tlie  seat  of  ligature ; 
ami  3,  in  t'pik'psy.  In  tJiese  latter  cases  the  treatment  has  been^  rerommeniled  hy  I)r. 
Alexander  of  Liverpool,  in  the  hope  that  by  diminishing  the  snpply  of  hliwd  td  the  p<:>8terior 
part  of  the  brain  an<l  the  spinal  cord  a  diminution  or  cessation  of  tlie  epileptic  fits  wouliJ  result. 
The  operation  of  lii^atiire  of  the  vertebral  is  performed  by  making  an  inv-ision  along  the  jKisterior 
border  of  the  Stern o-nuiatoid  inuaclet  just  alxive  the  clavicle.  The  muscle  it?  pulled  to  the 
ianer  side,  and  the  anterior  tutiercle  of  the  transverse  jtrwess  of  tlie  sixtli  ccnical  vertebra 
sought  for.  A  deep  layer  of  fascia  being-  now  divided^  the  interval  between  tlie  Scalenus  antieua 
and  the  Lonirus  colli  ju.st  lx»low  their  in.sertioa  into  the  tnber(*le  is  define^!,  and  the  artery  and 
vein  found  in  the  interspace.  The  vein  is  to  be  drawn  ti*  the  outer  side^  and  the  aneurism 
needle  passed  Ironi  without  inward.  Drs«,  Ramskill  and  Bright  have  pointed  out  that  severe 
pain  at  the  back  of  the  head  may  lie  synintoniatic  of  disease  of  the  vertebral  artery  juat 
tjefore  it  enters  the  skull.  This  is  explained  by  the  close  couueetion  ofilie  artery  with  the  sub- 
occipital nerve  in  the  groove  on  the  po.nlerior  an?h  of  the  atlas.  Disease  of  the  same  artery  has 
been  also  siiid  to  affect  s[>ccch,  fn»m  pressure  on  the  hypoglossal  where  it  is  in  relation  with 
the  vessel,  leading  to  paralysis  of  the  muscles  of  the  tongue. 

The  Basilar  Artery,  so  named  from  its  position  at  the  base  of  the  skulb  is 
a  single  trunk  formed  by  the  junction  of  the  two  vertebra!  arteries;  it  extends 
from  the  posterior  to  the  anterior  bonier  of  the  pons  Varolii,  lying  in  its 
median  groove,  under  cover  of  the  arachnoid*  It  ends  by  dividing  into  two 
branches,  the  posterior  cerebral  arteries.  Its  branches  are^  on  each  side,  the 
follow  inti: : 

Transverse,  Superior  Cerebellar. 

Anterior  Inferior  Cerebellar,  Posterior  Cerebral. 

The  transverse  branches  supply  the  pons  Varolii  and  adjacent  parts  of  the 
brain,  one  branch,  tlie  intenHtl  amliton/,  accomjianies  the  auditory  nerve  into 
the  internal  auditory  meatus;  and  another,  tlie  uHttrior  htferior  ciTehellar  arten/, 
passes  across  the  crus  eerebelli,  to  be  distributed  to  the  anterior  border  of  the 
under  surface  of  the  cerehellura* 

The  superior  cerebellar  arteries  arise  near  the  termination  of  the  basilar* 
They  wind  round  the  crus  cerebri  close  to  the  fourth  nerve,  and,  arriving  at  the 
upper  surface  of  the  cerebellum,  divide  into  brancbes  which  ramifv  in  the  pia 
mater  and  anastomose  with  the  branches  *>f  tlie  inferior  cerebellar  artery.  Sev- 
eral bi*aDches  are  given  to  the  pineal  L^iand  and  also  to  the  velum  interpositum* 

The  posterior  cerebral  arteries,  the  two  terminal  branches  of  the  basilar,  are 
larger  than  the  preceding,  from  which  they  are  separated  near  their  origin  by  the 
third  nerves.  Winding  round  the  cms  cerebt^i,  they  pass  to  the  under  surface  of 
the  occi})ita!  lobes  of  the  cerebrum  and  divide  into  three  main  branches.  Xear 
their  origin  they  receive  the  posterim*  commtiuicating  arteries  from  the  internal 
carotid*     The  branches  of  the  j^osterior  cerebral  artery  are — 


Postero-median  Ganglionic.  Postero-lateral  Ganglionic, 

Posterior  Choroid.  Three  Terminal. 
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The  posterO'Tnedian  ganglionic  branches  (Fig,  357)  are  a  group  of  small  arteries 
which  arise  at  the  commencement  of  the  posterior  cerebral  artery  ;  these,  with 
similar  bniDches  from  the  |ifit?teri«n^  communicating,  pierce  the  posterior  perforated 
space  and  supply  the  internal  surfaces  of  the  optic  thalami  and  the  walls  of  the 
third  ventricle.  The  posterior  choroid  enters  the  interior  of  the  brain  beneath  the 
posterior  border  of  the  corpus  callosum  and  supplies  the  vehtm  interpositum  and 
the  choroid  plexus.  The  postero-iateral  gangliome  branekes  are  a  group  of  small 
arteries  which  arise  from  the  posterior  cerebral  artery  after  it  has  turne*l  round 
the  crus  cerebri ;  they  supply  a  considerable  portion  of  the  optic  thalamus.  The 
terminal  branches  are  distributed  a«  folkms  :  the  firgt  to  the  uncinate  gyrus;  the 
I  second  to  the  temporo-sphenoidal  lobe ;  and  the  third  to  the  cuneus  or  the  occip- 
ital lobule. 

Circle  of  Willis. — The  remarkable  anastomosis  which  exists  between  the 
branches  of  the  internal  carotid  and  vertebral  arteries  at  the  base  of  the  brain 
I  constitutes  the  ein-k  of  Willitf.  It  is  formed,  in  front,  by  the  anterior  cerebral 
[arteries,  branches  of  the  internal  carotid,  which  are  connected  together  by  the 
anterior  communicating;  behind,  by  the  two  posterior  cerebrals,  branches  of  the 
basilar,  which  are  connected  on  each  side  with  the  internal  carotid  by  the  pos- 
terior communicating  arteries  (Fig.  354).  It  is  by  this  anastomosis  that  the  cere- 
bral circulation  is  ecpialized,  and  provision  made  for  effectually  carrying  it  on  if 
one  or  more  of  the  branches  are  obliterated.  The  parts  of  the  brain  included 
within  this  arterial  circle  are — the  lamina  cinerea,  the  commissure  of  the  optic 
nerves,  the  infundibulum,  the  tuber  cinereum,  the  corpora  albicantia.  and  the 
posterior  perforated  space. 

The  Thyroid  Axis  (Fig.  347)  is  a  short  thick  trunk  w*hich  arises  from  the  fore 
'  part  of  the  first  portion  of  the  subclavian  artery,  close  to  the  inner  border  of  the 
'Scalenus  anticus  muscle,  and  divides,  almost  immediately  after  its  origin,  into 
three  1>  ranches— the  iuferinr  thi/roidy  ^g  a  pr a  scapular^  and  irattsversaliH  colJi, 

The  Inferior  Thyroid  Artery  {lasses  upward,  in  a  serpentine  course,  behind  the 
sheath  of  the  common  carotid  vessel  and  sympathetic  nerve  (the  middle  cervical 
ganglion  resting  upon  it),  and  in  front  of  the  vertebral  artery,  recurrent  laryngeal 
nerve  (sometimes  behimi  the  nerve),  and  Longus  colli  muscle,  and  is  distributed 
to  the  posterior  surface  of  the  thyroid  gland,  aniistoniosing  witli  the  su[>erior  thy- 
roid and  with  the  corresponding  artery  of  the  opposite  side.    Its  branches  are — ^the 

Inferior  Laryngeal.  (Esophageal, 

Tracheal.  Ascending  Cervicah 

Muscular. 

The  inferior  laryngeal  branch  ascends  upon  the  trachea  to  the  back  part  of  the 
larynx,  in  comi>any  with  the  recurrent  laryngeal  nerve,  and  supplies  tlje  muscles 
and  mucous  membrane  of  this  part,  anastomosing  with  the  branch  from  the  oppo- 
site side  and  with  the  laryngeal  branch  from  the  superior  thyroid  artery. 

The  tracheal  branehes  arc  distributed  upon  the  trachea,  anastomosing  below 
with  the  bronchial  arteries. 

The  oesophageal  branches  are  distributed  to  the  oesophagus,  and  anastomose 
with   the  cesophageal  briinches  of  the  aorta. 

The  ascending  cervical  is  a  small  branch  which  arises  from  the  inferior  thyroid 
just  where  that  vessel  is  passing  behind  the  common  carotid  artery,  and  runs  up 
on  the  anterior  tubercles  of  the  transvei'se  processes  of  the  cervical  vertebrse  in 
the  interval  between  the  Scalenus  anticus  and  Rectus  capitis  anticus  major.  It 
gives  branches  to  the  muscles  of  the  neck,  which  anastomose  with  branches  of  the 
vertebral,  and  sends  one  or  two  branches  into  the  spinal  canal  through  the  inter- 
vertebral foramina  to  be  distributed  to  the  spinal  cord  and  its  membranes,  and  to 
the  bodies  of  the  vertebrae  in  the  same  manner  as  the  lateral  s[unal  branches  from 
the  vertebral.      It  anastomoses  with  the  ascending  pharyngeal  artery. 

The  muscular  branches  supply  the  depressors  of  the  hyoid  bone,  the  Longu0 
colli,  the  »Scalenus  anticus,  and  the  Inferior  constrictor  of  the  pharynx. 
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Surgical  Anatomy.— This  art-ery  is  Rjmetiraes  tied,  in  conjtinction  with  the  superior  thy- 
roid.  in  cai»<i:5  of  bronehoet'le.  An  incision  h  miMie  along  the  nnterior  border  of  the  Steruo-maa- 
toid  down  to  the  t*liivii'le.  Alter  the  dee])  flistnii  has  been  divided,  the  »Sterao-masloid  and  caro- 
tid veissels  lire  drawn  out  wan  I  and  the  curttlid  (ChjiS8ai!rnae*s)  tulfercle  soiipht  for.  The  vessel 
will  be  found  jtist  below  thi^  tuljerele,  between  the  eunjtid  sheath  on  the  onttT side  of  thetruehea 
and  cesophiigua  on  the  inner  side.  In  passuig  the  ligature  great  care  must  be  exercised  t<  avoid 
including  the  recurrent  hirynj^eal  nerve. 

The  Suprascapular  Artery  (trausversalia  liumeii),  smaller  than  the  transversalis 
colli,  passes  ohli«[uely  froDi  within  nnrwunL  jktoss  the  root  of  the  neck.  It  at 
first  lies  on  the  lower  part  of  the  Scalenus  anticos,  being  covered  by  the  Sterno- 
mastoid  ;  it  then  crosses  the  subclavian  artery,  and  runs  ontward  behind  and  par- 
allel with  the  clavicle  and  Subclavius  muscle,  and  beneath  the  posterior  belly  of 
the  Omo-hyoid,  to  the  superior  border  of  the  scapula,  where  it  passes  over  the 
transverse  ligament  of  the  scapula  to  the  gupraspintius  fossa.  In  this  situation  it 
lies  close  to  the  bone,  and  ramifies  between  it  and  the  Supnis|dnattis  muscle,  to 
which  it  is  mainly  distributed,  giving  off  a  communicating  brancb  which  crosses 


posterior  teapular. 


Suprofc^pular, 


Acrf^mial  branch 
_  of  Thftraeico-  acromiali«. 


Anterior 


7^ermination  of 
tnitBcaptilar, 

Fio.  361 -The  scapular  and  circumflex  urterlei. 

the  ncKik  of  the  scapula,  to  reach  the  infraspinous  fossa,  where  it  anastomoses  with 
the  dorsal  branch  of  the  subscapular  artery*  Besides  distributing  branches  to  the 
Sterno-mastoid  and  neighboring  muscles,  it  gives  off  a  supra'aeromial  branchy 
which,  piercing  the  Trapezius  muscle,  supplies  the  cutaneous  surface  of  the  acro- 
mion, anastomosing  with  the  acromial  thoracic  artery.  As  the  artery  passes  over 
the  transverse  ligament  of  the  scapula  a  branch  descends  into  the  subscapular 
fossa,  ramifies  beneath  that  muscle,  and  anastomoses  with  the  posterior  and  sub* 
scapular  arteries.  It  also  supplies  the  shoulder*joint  and  a  nutrient  branch  to  the 
clavicle. 

The  TransTersalis  Colli  passes  transversely  outward,  across  the  upper  part  of 
the  subclavian  triangle,  to  the  anterior  margin  of  the  Trapeicius  muscle,  beneath 
which  it  divides  into  two  branches,  the  superficial  cervical  and  the  posterior  teap- 
ular. In  its  passage  across  the  neck  it  crosses  in  front  of  the  Seal  en  i  muscles  and 
the  brachial  i)lexus,  between  the  divisions  of  which  it  sometimes  passes,  and  is 
covered  by  the  Platysma,   Sterno-raastoid,   Omo-hyoid,   and  Trapezitis    muscles. 

The  Buperficial  cervical  ascends  beneath  the  anterior  margin  of  the  Trapezius, 
distributing  branches  to  it  and  to  the  neighboring  muscles  and  glands  in  the  neck, 
and  anastomoses  with  the  superficial  hninch  of  the  arteria  princeps  cervicis. 

The   posterior   scapular^   the  continuation   of  the   transversalis   colli,   passes 
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beneath  ilie  Levator  anguli  scapulje  to  the  superior  angles  of  the  scapula.  It  now 
descends  along  the  posterior  border  of  that  bone  as  far  as  the  inferior  angle,  where 
it  anastouioses  with  the  subscapular  branch  of  the  axillary.  In  its  course  it 
is  covered  by  the  Hlioinboid  muscles,  supplying  ibem  and  the  Latissimus  dorsiand 
Tnipezius,  and  anastomosing  with  the  suprascapular  and  subscapular  arteries  and 
with  the  posterior  branches  of  some  of  the  intercostal  arteries. 

Peculiarities, — Tlie  mtperjicial  crrviml  frequently  nrit^cs  hs  a  separate  branch  from  the 
th>T*»id  iixis;  aad  the  pnRferhr  Rcupnhu*,  from  tbe  third,  more  rarely  Iixhd  the  second,  part  of 
the  sulx-laviatL     Tlii^  arraniit'eient  is  almost  m  fonmion  as  the  one  already  given. 

The  Internal  Mammary  arises  from  the  under  surface  of  the  first  portion  of 
the  subclavian  artery,  opposite  the  thyroid  axis.  It  descends  behind  the  costal 
cartilage  of  the  fii*st  rib  to  the  inner  surface  of  the  anterior  wall  of  the  chest, 
resting  against  the  costal  cartilages  about  half  an  inch  from  the  margin  of  the 
sternum ;  and  at  the  interval  hetween  the  sixth  and  seventh  cartilages  di%ides 
into  two  branches,  tire  mn^i'idu-phrenie  and  superior  ppigtutric. 

Relations, ^At  its  origin  it  is  covered  by  the  internal  jugiihir  and  subclavian 
veins  and  crossed  by  the  phrenic  nerve.  In  the  upper  part  of  the  thorax  it  lies 
against  the  costal  cartilages  and  Internal  intercostal  rouscles  in  front,  and  is 
covered  by  the  pleura  behind.  At  the  lower  part  of  the  thorax  the  Triangularis 
Stcrni  separates  the  artery  from  the  |deura. 

The  branches  of  the  internal  mammarv  are^ — 


Comes  Nervi  Phreniei  (Superior  Phrenic). 

Mediastinal. 

Pericardiac. 

SternaL 


Anterior  IntcrcostaL 
Perforating. 
Musculo- phrenic. 
Superior  Epigastric. 

The  comes  nervi  phrenici  (superior  phrenic),  is  a  long  slender  branch  which 
aceonipanies  the  phrenic  nerve,  between  the  ]>leura  and  pericardium,  to  the 
Diaphragm,  to  which  it  is  distributeil,  anastomosing  with  the  other  phrenic 
arteries  from   tbe  internal  mammary  and  abdominal  aorta. 

The  mediastinal  branches  arc  small  vessels  which  are  distributed  to  the  areolar 
tissue  and  lymi>hatic  glands  in  the  anterior  mediastinum  and  the  remains  of  the 
thymus  gland. 

The  pericardiac  branches  snpply  the  upper  part  of  the  anterior  surface  of  the 
pericardium,  the  lower  part  receiving  branches  from   tlie  rausenlo-phrenic  artery. 

Tbe  sternal  branches  are  distributed  to  the  Triangularis  sterni  and  to  the 
posterior  surface  of  the  sternum. 

The  mediastinal,  pericardiac,  and  .sternal  branches,  together  with  some  twigs 
from  the  comes  nervi  phrcnici,  anastomose  with  l>rancbes  from  the  intercostal  and 
broncbial  arteries,  and  form  a  minute  plexus  beneath  the  pleura,  which  has  been 
nauied  by  Turner  the  suhphural  medm^tiiial  plexna. 

The  anterior  intercostal  arteries  supply  the  five  or  six  upper  intercostal  spaces. 
The  branch  corresponding  to  each  space  soon  divides  into  two,  or  the  two 
branches  may  come  off  separately  from  the  parent  trunk.  The  small  vessels  pass 
outward  in  the  intercostal  spaces,  one  lying  near  the  lower  margin  of  the  rib 
above,  and  the  other  near  the  upper  margin  of  the  rib  below,  and  anastomose 
with  the  intercostal  arteries  from  the  aorta.  They  are  at  first  situated  between 
the  pleura  and  the  Internal  intercostal  muscles,  and  then  hetween  the  Internal 
and  External  intercostal  muscles.  They  supply  the  Intercostal  muscles,  and,  by 
branches  which  perforate  the  External  intercostal  muscle,  the  Pectoral  muscles 
and  the  mammary  gland. 

The  perforating  arteries  correspond  to  the  five  or  six  upper  intercostal  spaces. 
They  arise  from  the  internal  mammary,  pass  forward  through  tbe  intercostal 
spaces,  and.  curving  outward,  supjdy  the  Pectoralis  major  and  the  integument. 
Those  which  correspond  to  the  second,  third,  and  fourth  spaces  are  distributed  to 
the  mammary  gland.     In  females,  during  lactation,  these  branches  are  of  large  size. 

The   mnflculo- phrenic    artery    is    directed    obliquely  downward  and   outward, 
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behind  the  cartilages  of  the  false  ribs,  perforating  the  Diaphragm  at  the  eighth  or 
ninth  rib,  and  terminating;  considerably  rediieod  in  size,  opposite  the  last  inter- 
costal s|iace.  It  gives  off  anterior  intercostal  arteries  to  each  of  the  intercostal 
spaces  across  which  it  passes;  these  diminish  in  size  as  the  spaces  decrease  in 
length,  and  are  distributed  in  a  manner  precisely  similar  to  the  anterior  intercostals 
from  the  internal  mammary.  The  niusculo-phrenic  also  gives  branches  to  the 
lower  part  <>f  the  pericardium,  and  others  which  run  backward  to  the  Diaphragm 
and  downward  to  the  abdnminal  muscles. 

The  superior  epigastric  continues  in  the  original  direction  of  the  internal 
mammary  ;  it  descends  through  the  cellular  interval  between  the  costal  antl  sternal 
attachments  of  the  Diaphragm,  and  entoi*s  the  sheath  of  the  Rectus  abdominis 
muscle,  at  first  lying  behind  the  muscle,  and  then  perforating  it  and  supplying  it, 
and  anastomosing  with  the  deep  epigastric  artery  from  the  exlernLtl  iliac,  t^ome 
vessels  perforate  the  sheath  of  the  Rectus,  and  supply  the  muscles  of  the  abdomen 
and  the  integument,  and  a  small  branch,  which  passes  inward  upon  the  side  td  the 
ensiform  appendix,  anastomoses  in  front  of  that  cartilage  with  the  artery  of  the 
opposite  side. 

Surgical  Anatomy.— The  oourse  of  the  internal  mammary  arterj*  may  be  defined  by  draw- 
ing a  \\nii  iicTus^s  the  sis  upper  interL-iwtal  spaces  half  ati  inch  from  and  t>Hrallel  with  the  i^tennuu. 
The  fHisitiou  of  the  vess*?!  must  be  reuieudxTcd^  as  it  is  liaf4e  to  be  woiii*tltd  in  stjdus  of  the 
chest'WalL     It  is  most  ciisily  rtathed  by  a  transverse  lucision  iu  the  second  uittircoslal  space. 

The  Superior  Intercostal  (Fig.  3t'>2)  arises  from  the  upj>er  and  back  part  of  the 
subclavian  artery,  behind  the  Anteiior  scalenus  on  the  riglit  side,  and  to  the  inner 
side  of  the  muscle  on  the  left  side.  Passing  backwards  it  gives  <M  the  deep  eervieal 
braftek,  and  then  descends  behind  the  pleura  in  front  of  the  necks  of  the  first  two 
ribs,  and  inosculates  with  the  first  af>rtic  intercostal.'  In  the  first  intercostal 
space  it  gives  off  a  branch  which  is  distributed  in  a  manner  similar  to  the  distri- 
bution of  the  aortic  intercostals.  The  branch  for  the  second  intercoslal  space 
usmilly  joins  with  one  from  the  aortic  intercostals.  Each  intercostal  gives  oft'  a 
branch  to  the  posterior  spinal  muscles,  and  a  small  one,  ^pinal^  which  passes  through 
the  correspouiling  intervertebral  foramen  to  the  spina!  cord  and  its  membranes. 

The  deep  cervical  branch  (profunda  cervicia)  arises,  in  itumi  cases,  from  the 
superior  intercostal,  and  is  analogous  to  the  posterior  branch  of  an  aortic  inter- 
costal  artery.  Passing  backward,  between  the  transverse  process  of  the  seventh 
cervical  vertebra  and  the  first  rib,  it  runs  up  the  buck  part  of  the  neck,  between 
the  Complexus  and  Semispinalis  colli  muscles,  as  high  as  the  axis,  supplying 
these  and  adjjicent  muscles,  and  anastomosing  with  the  deep  bi-anch  of  the  arteria 
princeps  cervicis  of  the  occipital  and  with  branches  which  pass  outward  from  the 
vertebral. 

SURGICAL  ANATOMY  OF  THE  AXILLA. 

The  Axilla  is  a  pyramidal  space,  situated  between  the  upiier  and  lateral  part  of 
the  chest  and  the  inner  side  of  the  arm. 

Boundaries.^ — Its  apex,  which  is  directed  upward  toward  the  root  of  the  neck, 
corresponds  to  the  interval  between  the  first  rih,  the  upper  edge  of  the  scapula, 
and  the  clavicle,  through  which  the  axillary  vessels  and  nerves  pass.  The  h(ti<(\ 
directed  tlownwanU  is  formed  by  the  integument,  and  a  thick  layer  of  fascia 
exteniling  between  the  lower  border  <»f  the  Pectoralis  major  in  front,  and  the  lower 
border  of  the  Latissimus  dorsi  behind  ;  it  is  broad  internally  at  the  chest,  but 
narrow  and  pointed  externally  at  t!ie  arm.  The  atttrrkyr  btnindaty  is  formed  by 
the  Pectoralis  major  and  minor  muscles,  the  former  covering  the  whole  of  the 
anterior  wall  of  the  axilla,  the  latter  covering  only  its  central  part.  The  posterior 
boundan/^  which  extends  somewhat  lower  thfin  the  anterior;  is  iormcd  by  the  Sub- 
scapularis  above,  the  Teres  major  and  Latissimus  dorsi  below.  On  tlie  ttf/irr  mle 
are  the  first  four  ribs  with  their  corresponding  Intercostal  muscles,  and  part  of  the 
Serratus  magnus.     On  the  outer  side,  where  the  anterior  and  posterior  boundaries 

i  8ee  foot-note,  p.  607. 
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converge,  the  space  is  narrow,  and  bounded  bj  the  humerus,  the  Coraco-brachialis 
and  Biceps  muscles. 

Goiitents. — This  space  contains  the  axillary  vessels  and  brachial  plexus  of 
nerves,  with  their  branches,  8ome  branches  of  the  intercostal  nerves,  and  a  large 
number  of  lymphatic  glands,  all  connected  together  by  a  (jiiantity  of  fat  and  loose 
ireolar  tissue. 

Their  Positioii,^ — The  axillary  artery  and  vein,  with  the  brachial  plexus  of 
nerves,  extend  obliquely  along  the  outer  buundai*y  of  the  axillary  space,  from  its 
apex  to  its  base,  and  are  placed  much  nearer  the  anterior  than  the  posterior  wall, 
the  vein  lying  to  the  inner  or  thoracic  side  of  the  artery  and  partially  concealing 
it*  At  the  fore  part  of  the  axillary  space,  in  contact  with  the  Pectoral  muscles, 
are  the  thoracic  branches  of  the  axillary  artery,  and  along  the  anterior  margin 
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Fio.  862.— Tlic  ftxlUary  ArtLTy  »n<l  lt«  branchei* 

of  the  axilla  the  long  thoracic  artery  extends  to  the  side  of  the  chest.  At  the 
Iback  part,  in  contact  with  the  lower  margin  of  the  Subscapular  is  muscle,  are  the 
snbscafuilar  vessels  and  nerves ;  winding  around  the  lower  border  of  this  muscle 
is  the  dorssUis  scapuhe  artery  and  veijis;  and  toward  the  outer  extremity  of  the 
muscle  the  |)osterior  circumflex  vessels  and  the  circumfiex  nerve  are  seen  curving 
backward  to  the  shoulder. 

Along  the  inner  or  thoracic  side  no  vessel  of  any  importance  exists,  the  upper 
part  of  the  space  being  crossed  merely  by  a  few  small  branches  frcmi  the  superior 
thonicic  artery.  There  are  some  im|iortant  nerves,  however,  in  this  situation — 
viz*  the  posterior  thoracic  or  external  respiratory  nerve,  descending  on  the  sur- 
face of  the  Serrattis  miignus,  to  which  it  is  distributed;  and  perforating  the  upper 
and  anterior  part  of  this  wall,  the  intercosto-humeral  nerve  or  nerves,  passing 
across  the  axilla  to  the  inner  side  of  the  arm. 

The  cavity  of  the  axilla  is  filled  by  a  qiianlity  of  loose  areolar  tissue  and  a  large 
number  of  small  arteries  an«l  veins,  all  <*f  which  are,  however,  of  inconsiderable 
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size,  and  tiuraerous  lymphatic  glands :  these  are  from  ten  to  twelve  in  numher,  and 
situated  chiefly  on  the  thoracic  side  and  lower  and  hack  part  of  this  space- 
Surgical  Anatomy.^Tho  axillii  is  a  space  of  consideriiLle  surj^ieal  importance.  It  tmns- 
niits  tlie  lar|:e  ve^wels  and  wTves  tu  the  upjH^r  extremity,  and  these  may  be  tlie  seat  of  imury  or 
disea.sc:  it  iHmtuins  niimeroiiH  lyiujdiatic  glands  which  may  rctiaire  removal  when  diseased ;  m  it 
is  a  miantity  of  loose  connective  and  adipose  tissue  which  may  be  readily  infiltrated  with  blood 
or  inmuiitnatory  cxudatitnn  iitid  it  may  l>e  the  seat  of  rapidly -growing  tumors.  Moreover,  it  is 
covered  at  its  base  by  thin  skin,  largely  gupi»lied  with  seimecoiLs  and  8weat  gland,s,  which  rs  fire- 
quently  the  seat  of  smati  ewt;arieons  abscesses  and  Ixnis,  and  tif  eruptions  due  to  irritation. 

In  suioiTi ration  in  tlie  axilla  the  arranirenient  of  the  faociai!  plays  a  ver>^  important  part  in  the 
direction  which  the  pus  t^ikes.  As  des<"ribed  on  page  468,  the  costo-cttiracoifi  membrane,  after 
txjvering  in  the  spaee  hetween  the  rlavieie  and  the  upper  hord^T  of  the  Pectondis  minor,  splits 
to  enclose  tins  muscle,  and,  rebleiidin^  at  its  lower  bonier,  beeumes  incorpnrated  with  the  fascia 
covering  the  Fectoralia  major  nniscle  at  tho  anterior  fold  of  tlie  axilla.  This  is  known  as  the 
clavi- pectoral  fascia.  Suppuration  may  take  place  either  ?iuperficial  to  or  beneath  this  layer  of 
fascia;  that  is,  either  between  the  pectorals  or  below  the  [icct oralis  minor:  In  the  funner  case, 
it  would  p^jint  either  at  the  anterior  Ixmier  of  the  axillary  luld  or  in  the  jcroove  between  the  Del- 
toid and  the  IVetoralis  niajor ;  in  the  latter,  the  pns  wnuld  have  a  tendency  to  surroiiiid  the  vessels 
and  nerves  and  ascent!  into  the  neck,  that  beimr  the  direction  in  which  there  is  least  resi*itance. 
Its  proirrt^s  toward  the  skin  is  prevented  by  the  axil]ar>*  fast^ia  :  its  pro^^rcss  backwiu"d^  by  the 
Seiratus  masrmis:  tVtrward.  by  the  clavi-pectoral  fascia;  inward,  by  the  wall  of  the  thorax;  and 
oulwani,  by  the  upper  limb.  Tlie  [jus  in  these  ca&es^  after  extendinii  into  the  neck»  has  been 
known  to  spread  tliroucrh  the  superior  opeuinc  of  the  thorax  into  the  iiiediastinuni. 

In  ojicniniir  an  axillary  abscess  the  knite  should  be  entered  in  the  lloor  of  the  axilla,  midway 
between  the  anterior  and  posterior  mar^rins  and  near  the  thonicic  side  of  the  space.  It  is  well 
to  nse  a  director  an<l  dressin^r  forceps  after  an  incision  has  been  made  through  the  skin  and  fascia 
in  the  manner  directed  by  the  late  }^\v.  Hilton, 

The  student  should  attentively  consider  the  relation  of  the  vessels  and  nerves  in  the  several 
parts  of  the  axilla,  flir  it  not  unfreriucntly  happens  that  the  surtreon  is  called  upon  to  extirpate 
diseased  glands  ur  to  remove  a  tuniur  fnuu  tfiis  situation.  In  jierforming  such  an  operation  it 
will  the  necessary  to  i>riK:eed  with  much  eantion  in  the  direction  of  the  enter  wall  and  apex  of  tlie 
space,  as  here  the  ax i  1  la r}*  vessels  will  be  in  danger  of  being  wounded.  Toward  the  posterinr  wall 
it  will  be  necessary  to  avoid  the  subs*?apular,  doraahs  scapula*,  and  p<>stcrior  circumflex  vessels. 
Along  the  anterior  wall  it  will  f»e  necessary  t^j  avoid  the  tnoraeie  branches.  It  is  only  along  the 
inner  or  thoracic  wall,  and  in  the  centre  of  the  axillar>'  cavity,  that  there  are  no  vessels  of  any 
importance— a  fortunate  circtim.'stanee,  f^>r  it  is  in  this  situation  more  especially  that  tmnoxs 
requiring  removal  are  usually  situated. 

THE  AXILLAEY  ARTEEY. 

The  Axillary  Artery,  the  continuation  of  the  .^uhchivijin,  commences  at  the 
lower  border  of  the  first  rib,  and  terminates  at  the  lower  border  of  the  tendon  of 
the  Teresi  major  muscle,  whore  it  takes  the  name  of  brachial.  Its  direction  varies 
with  the  ]*osition  of  the  limh  :  when  the  arn^  lies  by  the  gide  of  the  chest,  the 
vessel  forms  a  gentle  curve,  the  convexity  being  npwurd  and  outward;  when  it  is 
directed  at  right  angles  with  the  trunk,  the  vessel  is  nearly  straight ;  and  when 
it  is  elevated  still  higher,  the  aitery  describes  a  curve  the  concavity  of  which  is 
directed  upward.  At  its  commencenietit  the  artery  is  very  deeply  situated,  but 
near  its  termination  is  superficial,  being  covered  only  by  the  skin  and  fascia.  The 
description  of  the  relations  of  this  vessel  is  facilitated  by  its  division  into  three 
portions,  the  fii^st  portion  being  that  above  the  Pectoralis  minor;  the  second  por- 
tion, behind;  and  the  third  below,  that  muscle. 

The  first  portion  of  the  axillary  artery  is  in  relation,  in  fronts  wifh  the  clavic- 
ular portion  of  the  Pectoralis  major,  the  costo-coracoid  membrane,  the  external 
anterior  thoracic  nerve,  and  the  acromio-thoracic  and  cephalic  veins;  behind,  with 
the  first  intei^costal  space,  the  corresponding  Intercostal  muscle,  the  second  and 
third  serrations  of  the  Serratiis  magniis,  and  the  postei4or  thoracic  nerve ;  on  its 
outer  mde,  with  the  brachial  plexus,  from  which  it  is  separated  by  a  little  cellular 
interval ;  on  its  uiner  or  thoracic  side,  with  the  axillary  vein. 

Relations  of  the  Fiiist  Portion  of  the  Axillary  Artery* 

Iff  front, 
Pet'toraha  major. 
Cohto-eoracoid  membrane. 
External  anlerii>r  thoraL'ie  nerve. 
Acromio-thoraeie  and  Cephalic  veina. 
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Outer  mde. 
Bmrlijal  plexixs. 


Axillary 

Arlfry. 

llcvl  fortiou. 


Inner  side. 
Axillary  vein. 


B*:hwd, 
Fii-Bt  IntercoHtal  spsh_L\  iiii<i  hiti^nnistal  iimside. 
Seeunil  and  third  berrutiutivH  of  Serrariis  ujatrijua. 
Pusterior  and  Intcnml  anterior  thuradc  nerves. 

The  second  portion  of  the  axillary  artery  lies  behind  the  Pectoralis  minor.  It 
is  covered  in  front  y  by  the  Pectoral  is  major  and  minor  muscles;  behinJ^  it  is 
separated  from  the  Subscapularis  bv  a  cellular  ititorval ;  on  the  inner  aide  h  the 
axilhiry  vein.  The  oordn  of  the  brachial  plexus  of  nerves  surround  the  artery,  and 
separate  it  from  direct  contact  with  the  vein  and  adjacent  muscles. 

Relations  of  the  Second  Poetion  of  the  Axillary  Akterv. 

Iti  front. 
Pectoralis  major  and  minor. 


Outei'  Side. 
Outer  cord  of  plexus. 


Axniiry 
Artery. 
SeconU 


Axillary  vein, 
loner  curd  of  plexns. 


Behind, 

8ubs<mpnkris. 
Pos<terior  i;«»nl  of  plexus. 

The  third  portion  of  tlie  axillary  artery  lies  below  the  Pectoralis  minor.  It  is 
in  relation,  la  front,  with  the  lower  part  uf  the  Pectoralis  major  above,  being 
covered  only  by  the  integument  and  fascia  below,  where  it  is  crossed  by  the  inner 
head  of  the  median  nerve;  behind^  with  the  lower  part  of  the  Siibscapularis  and 
the  tendons  of  the  Latissimus  dorsi  and  Teres  major;  on  its  outer  side,  with  the 
Coraco-braehialis  ;  on  its  inner  or  thoracic  .side,  with  the  axillary  vein.  The  nerves 
of  the  brachial  plexus  bear  the  following  relation  to  the  artery  in  tbi^t  jmrt  of  its 
■course:  on  the  outer  »ide  is  the  median  nerve,  and  the  mtisculo-cutaneous  for  a 
short  distance;  on  the  inner  side^  the  ulnar,  the  internab  and  lesser  internal 
eutanefius  nerves;  and  behind^  the  muscido-spiral  and  circumflex,  the  latter 
extending  only  to  the  lower  border   of  the  Subscapularis  muscle. 

Peculiarities. — Tlie  axillarj-  artery,  in  tdiout  one  ease  out  t>f  f ver\'  ten,  pves  off  a  larjfe 
bniUclL  whirh  forms  either  one  of  the  arferies  uf  tiie  h»rearm  or  a  lariie  mnstnlar  trunk.  In  tlie 
first  set  uf  eai^'stbis  artery  is  most  fi\'<jueiUly  the  radial  1 1  in  33),  sometimes  tlie  idnar  U  in  72), 
and,  very  ^a^^^Iy.  the  interosserms  (1  in  50t>)'  lu  the  seennd  set  nf  eases  the  trunk  has  been 
found  to  give  uriain  to  the  suliseitpultu',  ein*nmHex,  and  profunda  ttrteries  uf  the  arm.  Sunie- 
f times  utdy  one  of  the  eirenmflex,  or  une  of  the  ftrui'mMla  arteries,  aiTtsc;  fruin  the  trtmk. 
In  llicse  eases  the  hraehiid  plexus  i^urruundeil  the  trunk  t}V  the  hranehes,  and  not  the  main 
vessel. 

Relations  of  the  Tiiikd  Portion  of  the  Axillahv  Ahtkhv. 

Jit  front. 
InteLounent  aral  faseia. 
Peeturalis  niajur. 
Inner  head  uf  median  nerve. 


Onfrr  aide. 
Coraeo-  hraehialis. 
Median  nerve. 
Musculo-cutaneouii  nerve. 


Axilbry 

Artepv* 

,  TMtd  Fortlon. 


Imtri'  ffidc. 
Ulnar  nerve. 

lnt*Tnal  eataneous  nerves. 
AxiUiirv  veiwts 


Behind. 

Snhsctipularis. 

Ten  duns  of  Latissimus  dorsi  and  Teres  major. 

Musculo-gpind  and  circumflex  neivea 
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Surface  Marking, ^The  course  of  the  ax'iUai^  artery  may  be  marked  out  by  raising  the 
arm  to  a  ri,^'ht  aiijL'le  ami  drawing  a  line  from  the  middle  of  the  elaviele  to  the  point  where  the 
ten(h*ii  of  the  Pectoral b  ijiajor  crosses  the  pnimiiienee  caiiiied  by  the  (Wat^o-bmchialis  as  itj 
euier^e.s  from  mider  eover  of  the  interior  fold  of  the  axiilsL  The  third  portion  of  tlie  artery  ean 
be  felt  piil:»iiting  beneath  the  skin  and  fiiiseia,  at  the  juncti^jn  of  the  anterior  with  the  middle 
third  of  the  spaee  Wlween  the  anterior  and  posterior  folds  of  the  axilla,  elose  to  the  inner  border 
of  thi*  (Vnieo  hraehialis. 

Surgical  Anatomy.— The  student,  bavm^  carefully  examined  the  relations  of  the  axillary 
artery  in  its  various  parti*,  shotild  now  consider  in  wliiit  sitimtion  compression  of  this  ves 
may  be  most  easily  effected^  and  the  best  position  for  the  ajjplieatioti  of  a  ligature  to  it  when 
necessary . 

Compressioti  of  the  vessel  may  be  re<^^^[uired  in  the  removal  of  tumors  or  in  am|)utfltion  of 
the  upper  part  of  the  arm;  and  the  only  sltualion  in  which  this  ean  be  effeetually  made  is  in  tliej 
lower  part  of  its  course;   by  nressing  on  it  in  tbis  situation  iVom  within  outward  against  thftT 
humerus  the  circulation  may  be  effeetually  arrested- 

The  axillary  arterv'  Ls  i>crhaps  more  fnxjuently  lacerated  than  any  other  artery  in  the  body, 
with  the  exception  of  the  popliteal,  by  violent  movements  of  the  upper  extremity,  espeeblly  in 
those  cases  where  its  coats  are  diseased.  It  has  occasion  ally  I»een  ruptured  in  attempts  Xo  reduce 
old  dislocations  of  the  shoulder-joint.  This  lesion  is  most  likely  to  oeeur  during  the  preliminary 
breaking  down  of  adhesions,  in  ennsequence  of  the  artery  Invvirig  contnxeted  adhesions  to  the 
capsule  of  the  joint.  Aneurism  of  the  axillary  arterj^  is  of  frequent  cM:«urrence,  a  large  percentage 
of  the  eases  being  traumatic  in  their  origin,  due  to  the  violence  to  which  it  is  exposed  in  tfie 
varied,  extetjsive,  an*l  often  violent  njovement  of  the  lind>. 

The  application  of  a  ligature  to  the  axillary  artery  niay  be  rcijuired  in  eases  of 
Aueurism  oi'  the  iippe^r  \niict  <>f  ilie  brachial  «ir  as  a  distal  operation  for  aneurism  of  the  sub- 
clavian ;  and  there  are  only  two  sitnations  in  which  it  can  be  secured — viz.  in  thetirst  and  in  the 
third  part«  of  its  course  ;  t!>r  the  axillary  artery  at  its  central  part  is  so  deeply  seated,  and,  at  the 
siitne  time,  so  closely  surrounded  with  large  nervous  trunks,  tnat  the  application  of  a  hgature  to 
it  in  that  situation  would  I  Mi  almost  impracticable. 

In  the  tMrd  part  of  its  course  the  of^^ration  is  most  simple,  and  may  be  performed  in  tlie 
following  manner:  The  patient  l>eing  placed  on  a  bi^d  and  the  arm  separated  from  the  side,  with 
the  hand  supinated,  an  incision  is  made  through  the  integument  forming  the  floor  of  the  axilla 
aU>ut  two  indies  in  length,  a  little  nearer  to  the  anterior  than  the  tM>''t*'i*it)r  fold  of  the  axilla. 
After  carefully  dissecting  through  the  areolar  tissue  and  fasi-ia,  the  median  nerve  and  axillary 
vein  areexp<3sed  ;  the  former  having  been  displaced  to  the  outer  and  the  latter  to  the  inner  side 
of  the  arm,  the  elbow  being  at  the  same  time  bent,  so  as  to  relax  the  structnres  and  facihtnte 
their  separation,  ilie  Hgature  may  hw?  pas*M?d  round  the  artery  frcnn  the  ulnar  to  the  radial  side* 
This  portion  of  the  artery  is  occasionally  crossed  by  a  muscular  slip  derived  frt>m  the  Latissimus 
dorsi)  which  may  mislcEid  the  surgeon  during  an  operation.  The  occasional  existence  of  this 
muscular  fasciculus  was  spoken  of  in  the  description  of  the  muscles.  It  may  easily  be  recognized 
by  the  transverse  ilirection  n\'  its  fibres. 

The  first  portion  of  the  axilhiry  artery  may  be  tied  in  cases  of  aneurism  encroaching  so  far 
upward  that  a  ligature  cannot  be  up|)lied  in  the  lower  part  of  its  course.  NotwithstandinL'^  that 
this  oi^veralion  lm>i  been  performed  in  ^>me  few  eiuses,  and  with  success,  its  nerfonnance  is 
attenderi  with  much  difficulty  and  danger.  The  student  will  remark  that  in  tnis  situation  it 
would  be  necessary  to  divide  a  thick  muscle,  and,  after  separating  the  eofito-coraeoid  menibnine, 
the  artery  would  be  exj>i>sed  at  the  bottom  of  a  more  or  less  deep  space,  with  the  cephalic  and 
axillary  veins  in  such  relation  with  it  as  mnst  render  tlie  application  of  a  ligature  to  this  part 
of  the  vessel  particularly  hazardous.  [Tnder  such  cinnimstances  it  is  an  e^isier,  and  at  tlie 
same  time  more  advisable,  operation  to  tie  the  siilMirlavian  arter>'  in  the  third  part  of  its  course* 

The  vessel  can  ln'^  best  secured  by  a  curved  incision  with  the  convexity  downwaril  irum  a 
point  half  an  inch  external  to  the  Sfenio-chivicular  joint  to  a  pH>int  half  an  inch  internal  to  the 
corsietjid  process.  The  limb  is  to  he  well  abducted  and  the  head  inclined  to  the  op|)osite  side, 
and  this  incision  carried  through  the  superficial  structures,  care  being  taken  of  the  cephalic  vein 
at  the  outer  angle  of  the  incision.  The  clavienlar  origin  td'  the  Pectoral  is  major  is  then  divided 
in  the  whole  extent  of  the  wound-  The  arm  is  now  to  be  brought  to  the  side,  and  the  upper 
edge  of  the  Pectoralis  minor  deHned  and  drawn  downwanl.  The  costo-coraeoid  memhranc  is  to 
be  carefnlly  torn  through  with  a  director  close  to  the  coracoid  jinx-ess,  and  the  axillary  sheath 
exposed:  this  is  to  he  oi^ened  with  especial  care  on  account  of  the  vein  overlapping  the  artery. 
The  needle  shoubl  be  passed  fnmi  below.  s<j  as  to  avoid  wonnding  the  vein. 

In  a  ease  of  wound  of  the  vessel  the  jL^Mieral  pnictic*?  of  cutting  down  upon,  and  tying  it 
aWve  and  below  the  wounded  point  should  be  adopted  in  all  cases. 

Collateral  Circulation  after  Ligature  of  the  Axillary  Artery*— If  the  arter>^  be  tied 
alwive  the  origin  of  tlie  arr<>inial  tht^racic,  the  collateral  circulation  will  be  carriecl  on  by  the  same 
branches  as  after  the  ligature  of  the  suk-lavitin  ;  if  at  a  lower  point,  between  the  acromial 
ihoraeie  and  snhst^apular  arteries,  the  latter  vessel,  by  its  free  anastomos*\H  with  tlie  other 
scapular  arteries,  branches  of  the  subclavian,  will  bei?oine  the  chief  auent  in  carrying  on  the  cir- 
culation, to  which  the  lon^  thoracic,  if  it  be  below  the  ligature,  will  ntateriallv  contribute  by  its 
anastom(»ses  with  the  intercostal  and  intenuil  mammary  arteries,  IT  tlie  point  included  in  the 
ligatnrti  l>e  below  the  origin  of  the  substapular  arter>%  it  will  most  probably  also  be  below  the 
origins  of  the  two  circumflex  arteries.     The  chief  agents  in  restoring  the  circulation  will  theu  ba^ 
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the  subscapular  and  tbe  two  eireuuiflcx  arteries  unaBtomosini?  with  the  superior  profunda  &0IB| 
the  brachial. 

Branches  of  the  Axillaky  Aktery. 
The  branches  of  the  axillary  artery  are — 

IT         j:    X         .  (  Superior  Thoracic.  j^  j        a  (  Ij'»n<T  Thoracic. 

Fram  first  part  [    .   ^       .  .  rp,         •  I rom  second  part  \    ..   ''r,,. 

*^        '         [  Acroimal    I  ooracic.  ^        (  Alar  Ihoracic. 

t  Subscapular. 

From  third  part-:  Anterior  Circumflex. 

( I'oaterior  Circumflex. 

The  superior  thoracic  18  a  smali  artery  which  arises  from  the  axillary  sepa- 
rately or  by  a  crtnimoii  trunk  with  tbe  acromial  thoracic.  Running  forward  and 
inward  along  the  up[ier  border  of  the  Pectoralis  minor,  it  passes  between  it  and  the 
Pectorali^  major  to  tbe  side  of  tbe  chest.  It  supplies  tbese  muscles  and  tbe  parietes 
of  the  thorax,  anastomosing  with  the  internal   mammary  and  intercostal  arteries. 

The  acromial  thoracic  is  a  short  trunk  wbidi  arises  from  the  fore  part  of  the 
axillary  artery.  Projecting  forward  to  the  upper  border  of  the  Pectoralis  minor, 
it  divides  into  three  sets  of  branches — tkorantu  aeromial^  and  dcscendhitf  or 
humerai  Tbe  thoracic  branehes^  two  or  three  in  number,  are  distributed  to  the 
Serratus  magntis  and  Pectoral  muscles,  anastomosing  with  the  intercostal 
branches  of  tlie  internal  mammtiry.  The  aeromut!  hranches  are  directed  outward 
toward  tbe  acromion,  stipplyin;^  the  Deltoid  muscle,  and  anastomosing,  on  the  sur- 
face of  the  acromion,  with  tbe  suprascapular  and  posterior  circumflex  arteries. 
The  humtral  branch  passes  in  the  space  between  tbe  Pectoralis  major  and  Deltoid 
in  the  same  groove  as  tbe  cephalic  vein,  and  snpplies  both  muscles.  Tbe  artery 
also  gives  oft'  a  very  small  branch,  the  clavicular^  which  passes  upward  to  the  Sub- 
clavins  muscle. 

The  long  thoracic  (^.rtrrtial  mammftrii)  passes  downward  and  inward  along  the 
lower  border  of  tbe  Pectoralis  minor  to  tbe  side  of  tbe  chest,  supplying  the  Serra- 
tus magnus,  the  Pectoral  muscles,  and  mammary  gland,  and  sending  branches 
across  the  axilla  to  tbe  axillary  glands  and  Snbseapubiris ;  it  anastomoses  with 
the  internai  mammary  and  intercostal  arteries.  An  accrnmrif  external  mammary 
branch  is  often  found  running  to  the  chest  behind  tbe  long  thoracic. 

The  alar  thoracic  is  a  small  branch  which  sup[ilies  the  glands  and  areolar 
tissue  of  the  axilla.  Its  place  is  frequently  supplied  by  branches  from  someof  tho 
other  thoracic  arteries. 

The  subscapular,  the  largest  branch  of  the  axillary  artery,  arises  opposite  the 
lower  border  of  the  Subscapularis  muscle,  and  passes  downward  and  backward 
along  its  lower  margin  to  tbe  inferior  angle  of  tbe  scapula,  where  it  anastomoses 
with  the  long  thoracic  and  intercostal  arteries  and  with  tbe  posterior  scapular. 
About  an  inch  and  a  half  from  its  origin  it  gives  off" a  large  branch,  the  donsalis  scajt- 
uhi\  and  terminates  by  supplying  branches  to  tbe  muscles  in  the  neighborhood. 

The  dors  alls  scapulae  is  given  off  from  the  subsca|nilar  about  an  inch  from  its 
origin,  and  is  generally  larger  than  the cimtin nation  of  the  vesseh  It  curves  round 
tbe  axillary  border  of  tbe  scapula,  leaving  the  axilla  through  the  space  between 
tbe  Teres  tuinnr  above,  the  Teres  major  below,  ami  the  long  head  of  the  Trieejjs 
externally  (Fig.  361),  and  enters  tbe  infraspinous  fossa,  where  it  anastomoses  with 
the  posterior  scapular  ami  suprascapular  arteries.  In  its  coui^e  it  gives  off  two 
sets  of  branches :  one  enters  the  subscapular  fossa  beneath  tbe  Subseapularis, 
which  it  supplies,  anastomosing  witli  the  posterior  scapular  and  suprascapular 
arteries;  the  other  is  cj^ntinued  along  tbe  axillary  border  of  the  scajiula.  between 
the  Teres  major  and  minor,  and,  at  the  dorsal  surface  of  tlie  inferior  angle  of  the 
bone,  anastomoses  with  the  posterior  scapular.  In  addition  to  these,  small  branches 
are  distributed  to  the  back  part  of  the  Deltoid  muscle  and  the  long  head  of  the 
Triceps,  anastomosing  with  an  ascending  branch  of  the  superior  profunda  of  the 
brachial. 
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The  circumflex  arteries  wind  round  the  neck  of  the  humerus.  The  posterior 
ctrcumjh'x  (Fio;.  S61),  the  larger  of  the  two,  arises  from  the  back  part  of  the  axillary 
opposite  the  lower  border  of  the  Subscapularis  muscle,  and,  jtassing  backward  with 
the  circumflex  veins  and  nerve  through  the  quadrangular  space  bounded  by  the 
Teres  major  and  minor,  the  scapular  bead  of  the  Tricepy  and  the  humerus,  winds 
round  the  neck  of  that  bone  and  is  distributed  to  the  Deltoid  muscle  and  shoulder- 
joint,  anastomosing  with  the  anterior  circumflex  and  acromial  thoracic  arteries,  and 
with  the  superior  profunda  branch  of  the  brachial  artery*  The  anterior  circximflex 
(Figs.  vi61,  362),  considerably  smaller  than  the  preceding,  arises  just  below  that 
vessel  from  the  outer  side  of  the  axillary  artery.  It  passes  horizontally  outward 
beneath  the  Coraco-brachialis  and  short  head  of  the  Biceps,  lying  upon  the  fore  part 
of  the  neck  of  the  humerus,  and,  on  reaching  the  bicipital  groove,  gives  oif  an 
ascending  branch  which  passes  upward  along  the  groove  to  supply  the  head  of  the 
bone  and  the  shoulder-joint.  The  trunk  of  the  vessel  is  then  continued  outward 
beneath  the  Deltoid,  which  it  supplies,  and  anastomoses  with  the  posterior  circum- 
flex artery.  The  axiHanf  eiitanfmi»  branch,  long  and  slender,  is  often  found 
ramifying  in  the  superficial  fascia  of  the  floor  of  the  axilla. 

THE  BRACHIAL  AETEET  (Fig.  363), 

The  Brachial  Artery  coni  men  cos  at  the  lower  margin  of  the  tendon  of  the  Teres 
major,  an<l  passing  down  the  inner  and  anterior  aspect  of  the  arm,  terminates  about 
half  an  inch  below  the  bend  of  the  elbow,  where  it  divides  into  the  radial  and 
ulnar  arteries. 

Plan  of  the  Relations  of  the  Brachial  Artery. 

In  fi'ont, 
Tn tegument  and  fasciae* 
Bieipitd  tascia,  median  basilic  vein. 
Median  nerve. 


OtUer  ifide. 
Vena  comes. 
Median  nene  (above)* 
Ci>nic< )'  bmch  iabs. 
Biceps. 


Inner  side. 
Vena  coraes. 

Intemul  cutaneous  and  Ulnar  nerves. 
Median  nerve  (below). 
Basilic  vein  (upper  half). 


Behind, 

Triceps. 

MuR^ulo- spiral  nerve. 
Sat>erior  profunda  artery. 
Coraco - hrach  i al is  ( i  nserti on). 
BraebidiB  antii^^us. 

Eelations, — This  artery  is  superficial  throughout  its  entire  extent,  being  covered, 
in  front,  by  the  integument,  the  superficial  and  deep  fascia;  the  bicipital  fascia 
separates  it  opposite  the  elbow  from  the  median  basilic  vein  :  the  median  nerve 
eroases  it  at  its  middle,  Behuid,  it  is  sejuiratcd  from  the  inner  side  of  the 
humenis.  above,  by  the  long  and  inner  heads  of  the  Trice]>s,  tlie  mujicnlo'Spiral 
nerve  and  superior  profunda  artery  intervening,  and  from  the  front  of  the  bone, 
below,  by  the  insertion  of  the  Coraco-brachialis  muscle  and  by  the  Brachialis 
amicus.  By  its  outer  side  it  is  in  relation  with  the  commencement  of  the 
median  nerve  and  the  Coraco-brachialis  and  Biceps  muscles,  which  slightly 
overlap  the  artery.  By  its  inner  wide  its  upper  half  is  in  relation  with  the  inter- 
nal cutaneous  and  ulnar  nerves,  its  lower  half  with  the  median  nerve.  The 
basilic  vein  lien  on  tlic  inner  side  of  tlie  artery,  but  is  separated  from  it  in  the 
lower  |iart  of  the  arm  by  the  deep  fascia.  It  is  accompanied  by  two  veuic  comites, 
which  lie  in  close  contact  with  the  artery,  being  connected  together  at  inter- 
vals by  short  transverse  communicating  branches. 

SURGICAL   ANATOMY   OF   THE   BEND   OF   THE   ELBOW. 
At   the  bend    of  the    elbow  the  brachial    artery  sinks    deeply  into  a  trian- 
gular   interval,    the    base    of   which    is    directed    upward    toward'  the    humeru:^, 
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and  the  siiles  of  which  are  hounded,  externally,  by  the  Supinator  longus ;  inter- 
nally, by  the  Pronator  radii  teres  ;   its  fioar  is  formed  by  the  BrachialisanticuR  and 

Supinator  hrevis.  This  spuee,  cuhitnl 
fossit^  eontains  the  hraehial  artery  with 
its  accompanying  veins,  ihe  radial  ond 
ulnar  arterites,  the  median  and  musculo- 
gpiral  nerves,  and  the  tendon  of  the 
Biceps.  The  brachial  artery  occupies 
t h  e  in  i  d  die  1  i  n  e  o f !  1 1  i  s  s  p  a  ce ,  n  n  d  d  i  vi  d  es 
opposite  tlie  neck  of  the  radius  into  the 
radial  and  idnar  arteries;  it  is  covered, 
in  front,  l>y  the  integument,  the  super* 
ficial  fascia,  and  the  median  basilic  vein, 
the  vein  being  separated  from  direct 
contact  with  the  artery  hy  the  biei])ita] 
fascia.  Bchin^K  it  lies  on  tbe  Brachialis 
anticus,  which  separates  it  from  the 
elbow-joint.  The  median  nerve  lies  on 
tbe  inner  side  of  the  artery,  close  to 
it  above,  but  separated  from  it  below 
by  the  coronoid  head  of  the  Pronator 
radii  teres.  The  tendon  f*f  tbe  Biceps 
lies  to  the  tmter  side  of  the  space,  and 
tbe  musculo-spiral  nerve  still  more  ex- 
ternally, lying  upon  the  Supinator 
brewis  and  partly  concealed  by  the 
Supinator  longus. 

Peculiarities  of  the  Brachial  Artery  aa 
regards  its  Course— 11  k-  linwhiiil  arter\%  ac- 
n^nuiHtiied  i>y  the  nieLh:iii  iun'vt\  iiiiiy  leuvi*  the 
inaer  Iwirdtr  uf  tht^  Hk-eiis,  and  desnt'iid  towanl 
tbe  inner  ready  It:  u\'  the  huminLs,  where  it 
u.saallv  evirves  roimd  a  preiiiineiiee  yf  buiie,  to 
wliieb  il  \^  rturaeeted  by  a  tihrtms  Imiid  ;  it  iheti 
iaclliit's  MUtward,  heiicath  or  thr<jii^di  the  sub- 
staiJL'C  of  tlie  Piujwtur  radii  teres  nnisele,  to 
the  Ik'ThI  of  t!ie  elK>w.  The  variutiim  bears 
eonsidendtle  anulo^'y  wkh  ibf  Tj»jriiial  Cf«adiliya 
of  the  artery  iti  i<nvm*  of  the  larnivura  :  it  has 
been  reterred  tr>  aUuve  ia  the  tle.stTiptinn  of 
the  huau'iiis  \\m}iy  2rtf>). 

As  regards  its  Division. —Oceasioually, 
the  ai^ery  is  iJivMlecJ  for  a  AumI  liistaiiee  at 
its  uoper  part  intt*  two  trunks,  whirb  are 
united  above  atid  Ik'Iow.  A  siniiLir  j>etuliarity 
oct*un*  ia  the  nmin  vessel  of  the  li»wer  liaib. 
The  |Kjiiit  t>f  bituR'atiiiii  aiay  l>e  alxtve  or 
below  the  asual  TMjint.  the  fanner  condition  bein^  by  far  ihe  more  frequent.  Uut  uf  4K1  esam* 
jnatioas  rei-'orded  hy  Mr  Quain,  s^onie  made  on  the  right  and  Nime  ini  the  lnW  side  u'C  the  bfidy, 
in  3iS6  the  artery  hifunated  in  its  normal  position.  In  one  (*a8c  oid>"  wa?^  tin  jilaee  of  divisiun 
lower  than  usual,  h\im^  two  ur  three  ineites  below  the  elWwjoint.  "'In  *.M  eases  out  of  -181,  or 
about  1  in  5j.  there  were  two  Jirteries  instead  of  one  in  si>tiie  jtart  or  in  ibt*  whole  of  tbe  jirm/* 


f  Inferior 
'  profunda. 


.  Antutomoiica 
rtxagnti. 
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Fig.  a69.^The  surgical  anaUimy  of  thi^  braehUl  artery. 


respei 


There  appears,  however,  to  be  no  eorresTHjndetiee  Im  tweeii  the  arterit^;  of  the  two  ariiij^  with 

vA  to  their  irrecular  division;  for  in  61  iMxlies  it  (X'turretl  trn  one  jside  only  in  4H;  oa  lK>th 
Bides,  in  differeat  |K»sitions,  in  13;  un  both  side.s   iti  the  saaxe  jiositiuiL  in  5. 

Till"  point  of  bifunnition  takes  plaice  at  difFiTent  parts  uf  the  arm.  btioL'  mnyt  IVe^inent  in  the 
upper  (>art,  less  :*o  in  da- lo wit  part,  and  letLst  so  in  tlae  middle,  the  nioM  usual  noint  for  the 
iipplieation  of  a  litrature  :  undrr  any  uf  these  rinumstaiiees  two  larL'i'  arteries  woalo  Ir>  found  in 
the  arm  instead  oP  one.  The  anKst  tm|Uent  (in  three  out  of  tbitrj  of  thei<e  peruliaritiL'^  is  the 
liiiih  division  of  tbi*  radial.  Tliat  arter\'  often  arities  from  the  ianer  side  uf  the  bniebial,  and 
runs  parrtll*'!  with  che  maia  tnink  to  the  elbow,  whem  it  ert^sses  it.  fvinc  iH^neiiththe  tlisi'ia;  or  it 
may  per furat I*  the  ias<'ia  and  [>;iss  over  thu  artery  itnmediately  Waeath  the  inteL'tiaient* 

Thi:  nhiur  j*4.naetimes  arises?  frota  the  bracdnal  hieh  np,  aad  tbemK'caiiionally  leaves  that  ves- 
sel at  tbe  lower  part  of  the  arm,  and  descends  toward  the  ianer  c^mdyle.     In  the  forearm  it  gen- 
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erally  lies  beneath  the  ^deep  fa»^ia,  suptrfiebl  to  the  flexor  mus^'hTi^;  tM^eaflionally  between  the 
integiiiiient  anrl  deep  IW-ia,  and  verj*  nirely  heneiith  the  tiex*»r  miiiieles. 

Tlie  iiiterossentiji  iirterv  ^omctiiuefj  arises  fruni  the  upper  part  of  the  brnclnul  or  axilliiry  ;  as 
it  pitAses  (Jown  I  lie  arm  it  Hes  l>ehind  the  main  trunk,  and  at  the  bend  af  the  elbow  re^uins  its  usual 
pO!*iti*jti, 

In  some  cjii^es  of  high  division  of  the  radial  the  remaining  trunk  (ulnar  intentsseousl  owa- 
siofially  piis8e«.  together  with  the  median  nerve,  alonkr  the  imirr  margin  t>f  the  ann  to  the  inner 
conilyle,  and  then  ptts^ing  froju  within  (KUtward,  beneath  or  through  the  Protjutor  radii  teres, 
regains  its  usual  [wjsition  at  the  bend  *ff  the  ellxiVT, 

Oceasionxdly  the  two  arteries  representing  the  braehial  are  eonneeted  at  the  bend  of  the 
elbow  by  u  j^hort  trans vei-s*^  branch,  and  are  even  sometinjes  reuniteth 

Sometimes,  long  slender  vessels,  iv^xfi  alfet^ntnth^  eonneet  the  brachial  «jr  axillary  arteries 
with  one  of  the  arteries  of  the  forearm  or  a  braneh  from  them.  Tlie^^  vessels  usually  join  the 
nidial. 

Varieties  in  Muscular  Belations.^ — The  brachial  arier\'  is  oc^easiofially  eoneealed  in  fiome 
part  of  its  n*iirsi'  by  niuseular  or  tnidinons  sIip.H  derived  from  the  Coraco-hntehialis,  Bleeps, 
Brtclualis  aniiius  ami  PriMiJitor  radii  teres  muscles. 

Surface  Marking, — The  direetion  of  the  bniehial  artery  is  marked,  when  the  arm  is 
extended  and  suptnated,  by  a  line  drawn  fnmi  tlie  jtmetion  of  the  anterior  and  middle  third  of 
the  space  between  tlie  anterior  :tTid  jKtsterior  folds  cd'  the  axilla;  that  is  to  say  from  the  iiifier 
side  of  the  promiiienee  of  the  C^onieo  bracliiahs  muscle  to  thepf)int  niifl way  between  the  rcindvles 
of  the  humerus  wliieh  corresjHmdx  to  the  dej«ression  alonii  th*.-  ininT  Ixirder  of  tlie  C'oraco-bra- 
ehblis  and  Biceps.  In  the  ni>per  fiart  of  itii  eiiurse  the  artery  lies  interna]  to  the  humerus,  but 
below  It  \!i  in  front  of  that  bon<^ 

Surgical  Anatomy. — Compression  of  the  brachial  artery  is  rtH^juired  in  easc*8  t»f  amputation 
and  some  other  operHtioiis  in  the  arm  an<l  forearm  :  and  it  will  beobwrved  that  it  m;iy  In-  eftecled 
in  almost  any  f>art  of  theeoui-se  of  the  artery.  If  pressure  is  made  in  the  upjier  part  of  the 
limb,  it  should  be  directed  from  within  uutvvimJ  :  and  if  in  the  lower  iiart,  from  wforebackwiird^ 
as  the  artery  lies  tm  tlie  inner  side  of  the  humerus  above  and  in  front  bebiw.  The  most  favor- 
able situation  is  afxmt  the  middle  of  the  arm,  where  it  lie^  on  the  tendon  of  the  Coraeo-braehialia 
on  the  inner  fljit  side  of  the  luimcrus. 

The  application  of  a  ligature  to  the  bracldid  arter>'  may  be  renuired  in  ease  of  wound  of 
the  vesstd  and  in  some  mm\'t  of  wound  of  (he  palmar  arch.  It  is  also  s*jmetimes  ne<'essar\'  in 
eases  of  aneurism  of  the  braehiab  the  mdial,  ulnar,  or  interosseous  arteries.  The  artery  may 
be  seenreii  in  any  ]iart  of  its  triurse.  The  chief  guides  in  determinintr  its  iiositi*  n  are  the  sur- 
face markiii,i::s  produL-ed  by  the  inner  maririn  of  the  Comcodirachialis  anil  Bieejts,  the  known 
couiTMJ  of  the  vt'sscl.  and  its  pukiiion.  vvhii-h  should  be  carefully  felt  ibr  In^fore  any  operation  is 
ptrformed,  i*s  tlie  vessel  oecasionallv  deviati^s  ii'om  its  usual  position  in  the  arm.  In  wlintever 
siimitioii  the  operation  is  peribrmcil,  ^'reat  care  is  necessary,  on  aci?ountof  the  extreme  I hinness 
ol*  the  parts  coverinj?  the  artery  and  the  intimate  connection  which  the  vessel  hiia  thnm^duiut  itB 
whole  course  with  imiMUtant  nerves  and  veins,  fc^onietimes  a  thin  layer  of  musi'ular  tibre  is 
met  with  conceal imr  the  artery  ;  it  such  is  the  ease,  it  must  be  cut  across  in  order  to  expose  the 
vessel. 

In  the  upper  third  of  the  arm  the  artery  may  be  exposed  in  the  tbllowing  manner :  The 
patient  being  |»la<*ed  horizontally  u|>on  a  table,  tlie  affected  limb  should  lie  raised  from  the  side 
and  the  hand  supinatid.  An  tneision  alwut  twt»  inches  in  leuirth  should  be  made  on  the  inner 
side  of  the  ContLo  brarhiabs  muscle,  and  the  subjacent  t  as*  i  a  can  lion  sly  divided,  s<j  as  to  avoid 
wonniling  the  infernal  cutaneous  nerve  or  basilic  vein,  which  .s4^metilnes  runs  on  ihe  surface  of 
the  artery  as  hiub  as  the  axilla.  The  fascia  having  Ix^en  divided,  it  should  be  rcmembereii  that 
the  ulnar  and  internal  cutaneous  nerves  lie  on  the  inner  side  of  the  artery,  the  median  on  the 
outer  side,  the  latter  nerve  hein.tr  occasionally  superficial  to  the  artery  in  this  situation,  and  tltat 
the  vena^  ( "uniles  arc  also  in  rcIaEi<^Ti  with  the  vessel,  one  on  either  si<le.  These  beingr  carefnily 
senarated,  the  aneurism  needle  should  be  passed  round  the  artery*  from  the  inner  to  the  outer 
siae* 

If  two  arteries  are  present  in  the  arm  in  eonseriuenee  of  a  biidi  division^  they  are  usually 
placed  side  uy  side :  and  if  they  are  exposi^d  in  an  ojicration,  the  surgeon  should  endeavor  to 
ascertain*  by  alternately  pressing  on  eaeli  vessel,  wbiidi  of  the  t\vt>eonininnieates  with  the  wound 
or  aneurism,  when  a  ligature  may  be  applied  accorvlintrly :  or  if  |>nlsati(m  or  biemorrhage  ceases 
only  when  both  vesvscls  are  comi>ressedj  both  vessels  may  l>e  tied,  as  it  may  be  conelutled  lluit 
the  two  eommimicate  above  the  seat  id^  disease  or  are  reunited. 

It  should  alsii  be  rememk^red  that  two  arteries  may  be  present  in  the  arm  in  a  case  of  high 
division,  and  t!iat  one  of  these  may  be  found  alonL*^  the  inner  inlermusculiir  sejitiim,  in  a  line 
toward  the  inner  condyle  of  the  hiimenis,  or  in  the  usual  position  of  the  ljraci]i:d.  but  deejdy 
placed  beneath  the  common  trunk:  a  knowledge  of  these  faeis  will  suggest  the  prt^eantiivns 
nectissar)'  in  even'  ease,  and  indicate  the  measures  to  be  adopted  when  ammialies  arc  met 
with. 

In  the  middle  of  the  arm  the  bniehial  arter)^  may  be  exposed  by  making  an  incision  along 
the  inner  margin  of  the  llieeiis  mu.sele.  Tlie  forearm  being  bent  so  as  to  relax  the  muscle,  it 
ahould  be  lir.iwn  slightly  aside,  and,  the  fas<:ia  being  earefully  divided,  the  median  nerve  will  Ije 


*  See  Struther'u  Aw^mnkfd  and  Ph^moiofjimt  OhMnfitionA, 
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exposed  lying  upon  the  artery  fsometimt'S  Iwneath) ;  this  being  drawn  inward  and  the  in  ancle 
outward,  the  arlep^  should  he  separated  Iron^  itn  accompanying  veins  utid  secured.  In  this 
situation  the  inferior  |)ru!hrida  may  he  niis^taken  for  the  main  trunk,  especially  if  enlarged,  from 
the  ciillatenil  eircdutioii  havins;  bt^'ome  eHtablisked  ;  this  may  be  avoide^l  hy  directing  the  incis- 
ion  externaUy  toward  tlic  Biceps,  rather  than  inwanJ  or  backward  toward  the  Triceps, 

The  lower  part  of  the  brachial  artery  is  of  interest  in  a  surgical  point  of  view,  on  acvovint 
of  the  relation  which  it  bears  to  the  veins  must  c*)nimonly  opened  in  venesection,  OP  these 
vessels,  the  uicdian  basilic  Is  tlie  lurgent  and  most  prominetitT  and.  eonsetpieiitly,  the  one  usually 
selected  tor  tlie  openit«on.  It  should  be  remeinhered  that  this  vein  runs  parallel  with  the 
brachial  artery,  from  which  it  is  separated  by  the  bicipital  fu.s<^ia»  and  that  carcr  should  be  taken 
in  openiuiir  the  vein  not  to  carry  the  incision  too  deeply,  so  tsiA  to  endanger  the  artery. 

Collateral  Circulation.— Aller  the  applicjitiouof  a  ligature  to'the  hraehiaraiter\^  in  the 
upper  third  of  tbe  arm.  the  cireuhition  is  carried  on  by  branches  from  the  circumdex  and 
suWapular  arteries,  anajitomosing  with  a84Lxnidiog  branelies  from  the  superior  profunda.  If  the 
brachial  is  tied  Mow  the  origin  of  the  jirofunda  arteries,  the  circulation  h  maintained  by  tbe 
branches  of  the  p>rofundir!,  anastomosing,"  with  the  recurrent  mdiaL  uiuart  and  interosseous 
arteries.  In  two^ca.ses  desorihed  by  Mr.  South/  in  wliich  the  brachial  artery  had  lieen  tied  ^mie 
time  previiuisly*  in  one  "a  long  portion  of  the  arterv  had  l>een  obliterated,  and  seta  of  vessek 
are  descending  on  either  side  froui  above  the  oblitcrjition,  to  bo  re<!eived  intti  others  which  ascend 
in  a  Bimilar  manner  from  below  it.  In  the  other  the  obliteration  is  less  extensive,  and  a  sin>rle 
ctirved  artery  abt:»ut  as  big  as  a  crow-cquill  passes  from  the  upper  to  the  lower  open  part  of  tbe 
artery. ' ' 

The  branches  of  the  brachial  artery  are — the 


Inferior  Profunda. 
Anastomotica  Magna. 


Superior  Profunda. 
Nutrient. 

Muscular. 

The  superior  profiinda  arises  from  the  inner  and  back  part  of  the  brachial,  just 
below  the  lower  border  of  the  Teres  major,  and  pa^^tses  backward  to  the  interval 
between  the  outer  ami  inner  heads  of  the  Triceps  muscle,  accompanied  by  the 
musctilo-spiral  nerve;  it  wimls  round  the  back  part  of  the  shaft  of  the  humerus 
in  the  spiral  groove,  between  the  Triceps  and  the  h4me,  to  the  outer  side  of  the 
humerus  just  above  the  external  condyle,  where  it  divides  into  two  terminal 
branches.  One  of  these  pierces  the  external  intermuscular  septum,  and  descends 
to  the  space  between  the  Brachialis  anticus  and  Supinator  kmgus,  where  it  anasto- 
moses with  the  recurrent  branch  of  the  radial  arterv  ;  while  the  other,  the  posterior 
artit'ulary  descends  alontf  the  back  of  the  e.xternal  intermuscular  septum  to  the 
back  part  of  the  elbow -jtdnt,  where  it  anastomoses  with  the  posterior  interosseous 
recurrent,  and  across  the  back  of  the  humerus  with  the  posterior  ulnar  recurrent, 
tbe  anastomotica  magmi.  and  inferior  profunda  (Fig.  3<j*)),  Tfje  superior  profunda 
supplies  the  Triceps  muscle  and  gives  off  a  nutrient  artery  to  tbe  upper  end  of  the 
humerus.  Near  its  comnieneement  it  sends  off  a  branch  which  }>asses  upward 
between  the  external  ami  long  heads  of  the  Triceps  muscle  to  anastomose  with 
the  posterior  circumflex  artery,  and,  while  in  the  groove,  a  small  branch  which 
accompanies  a  branch  of  the  musculo-spiral  nerve  through  the  substance  of  the 
Triceps  muscle  and  ends  in  the  Anconeus  below  the  outer  condyle  of  the 
humerus. 

The  nutrient  artery  <*f  the  shaft  of  the  humerus  arises  from  the  brachial,  about 
the  midille  of  the  arm.  Passing  downward  it  enters  tbe  nutrieut  canal  of  that 
bone  near  the  insertion  of  the  Coraco-hrachialis  muscle. 

The  inferior  profunda,  of  small  size,  arises  from  the  brachial,  a  little  below  the 
middle  of  the  arm;  piercini;  the  internal  intenuuscuhir  septum,  it  descends  on  the 
surface  of  the  inner  head  of  the  Triceps  muscle  to  the  Sj>ace  between  the  inner 
condyle  and  olecranon,  accompanied  by  the  ulnar  nerve,  and  terminates  by  anasto- 
mosing with  the  posterior  ulnar  recurrent  and  anastomotica  magna.  It  also 
supplies  a  branch  to  the  front  of  the  internal  condyle,  which  anastomoses  with  the 
anterior  ulnar  recurrent. 

The  anastomotica  magna  arises  from   the  brachial  about  two  inches  above  the 

^  Cheliils*s  Snttfertf^  vol.  ii.  p.  254.  See  al^>  Wliite"?*  enijraving,  referred  to  by  Mr.  South,  of  tlie 
MUUtomoitiQi;  branehe**  after  before  of  th«  hnichia!,  in  VVhito's  Ontes  in  Surgery.  Porta  alao  ^%'es  a 
CMe  (with  drawingH)  of  the  cireulation  after  ligature  of  botb  brachial  and  radi&l  {AUeratiom 
Paioligiche  deiUt  Arterie). 
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elbow-joint.  It  passes  transversely  inward  upon  the  Brachialis  anticus,  and,  piercing 
ihe  internal  intermiiscolar  septum,  winds  round  the  back  part  of  the  humerus 
between  the  Triceps  and  the  bone,  forming  [in  iireh  above  the  olecranon  fossa  by  its 
junction  with  the  posterior  articular  brancb  (pf  the  superior  profunda.  As  this  vessel 
lies  on  the  Brachialis  anticus,  branches  ascend  to  join  the  inferior  profunda,  and 
others  descend  in  front  of  the  inner  condyle  to  anastomose  with  the  anterior  ulnar 
recurrent.  Behind  the  internal  condyle  an  offset  is  given  off  which  anastomoses 
with  the  inferior  profunda  and  posterior  ulnar  recurrent  arteries  and  supplies  the 
Triceps. 

The  muscular  are  three  or  four  large  branches,  which  are  distributed  to  the 
muscles  in  the  course  of  the  artery.  Ihey  supply  the  Coraco-brachialis,  Biceps, 
and  Brachialis  anticus  muscles. 

The  Anastomosis  around  the  Elbow -joint  (Fig,  366). — The  vessels  engaged  in 
this  anastomosis  may  be  conveniently  divided  into  those  situated  in  front  and 
behind  the  internal  an<l  external  condyles.  The  branches  anastomosing  in  front 
of  the  internal  contlylc  are  the  anaatomotica  magna,  the  anterior  ulnar  recurrent, 
and  the  anterior  tenninal  branch  of  the  inferior  profunda.  Those  behind  the  internal 
condyle  are  the  anastomotiea  magna,  the  posterior  ulnar  recurrent,  and  the 
posterior  tenninal  branch  uf  the  inferior  profunda.  The  branches  anastomosing /n 
front  of  the  external  condyle  are  the  radial  recurrent  and  one  of  the  terminal 
branches  of  the  superior  firofunda.  Those  behimi  the  external  condyle  (perhaps 
more  properly  deserihed  as  being  situated  between  the  external  condyle  and  the 
€»lecranon)  are  the  anastomotica  magna,  the  interosseous  recurrent,  and  one  of 
the  terminal  branches  of  the  superior  profunda.  There  is  also  a  large  arch  of 
anastom<isis  above  the  olecranon,  formed  by  the  interosseous  recurrent  Joining  with 
the  anastoTtiotica  magna  and  posterior  ulnar  recurrent  (Fig.  366), 

From  this  description  it  will  be  observed  that  the  anastomotica  magna  is  the 
vessel  most  engaged,  the  only  part  of  the  anastomosis  in  which  it  is  not  employed 
being  that  in  front  of  the  external  condyle. 

Radial  Artery. 

The  Eadial  Artery  appears,  from  its  direction,  to  be  the  continuation  of  the 
brachial,  but  in  size  it  is  smaller  than  the  ulnar.  It  commences  at  the  bifurca- 
tion of  the  brachial,  just  below  the  bend  of  the  elbow,  and  passes  along  the  radial 
side  of  the  forearm  to  the  wrist ;  it  then  winds  backward,  round  the  outer  side 
of  the  carpus,  beneath  the  extensor  tendons  of  the  thumb,  and,  finally,  passes 
forwards  between  the  two  heads  of  the  First  dorsal  interosseous  muscle,  into  the 
palm  of  the  baiul,  where  it  crosses  the  metacarpal  bones  to  the  ulnar  border  of  the 
hand,  to  form  the  deep  pahnar  arch.  At  its  terniination  it  inosculates  with  the 
deep  branch  of  the  ulnar  artery.  The  relations  of  this  vessel  may  thus  be  con- 
veniently divided  into  three  parts — viz.  in  the  forearm,  at  the  back  of  the  wris*", 
and  in  the  hand. 

Relations. — //*  the  forearm  this  vessel  extends  from  opposite  the  neck  of  the 
radius  to  the  fore  part  of  the  styloid  process,  being  placed  to  the  inner  side  of  the 
shaft  of  the  Ixme  above  and  in  front  of  it  below.  It  is  superficial  throughout  its 
entire  extent  being  covered  by  the  integument,  the  sujierficial  and  deep  fuscije, 
and  slightly  overlapped  above  by  the  8u]>inator  longus.  In  its  course  downward 
it  lies  upon  the  tendon  of  the  Biceps,  the  Supinator  brevis,  the  radial  origin  of  the 
Flexor  sublimis  digitorum,  the  Pronator  radii  teres,  the  Flexor  longus  pollicis,  the 
Pronator  quadratus,  and  the  b:>wer  extremity  of  the  radius.  In  tlw  uj>per  tbirtl 
of  its  course  it  lies  between  the  Supinator  longus  and  the  Pronator  radii  teres; 
in  its  lower  twivtbirds,  Ijetween  the  teuflons  of  the  Supinator  longus  and  the 
Flexor  carpi  radialis.  The  radial  nerve  lies  along  the  outer  side  of  the  artery 
in  the  middle  third  of  its  course,  and  some  filaments  of  the  nausculo-cutaneous 
nerve,  after  piercing  the  deep  fascia,  run  along  the  lower  part  of  the  artery  as  it 
winds  round  the  wrist.  The  vessel  is  accompanied  by  venae  comites  throughout  its 
whole  course. 
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Plan  of  the  Relations  of  the  Radial  Artery  in  the  Forearm, 

///  fi'fmL 
Skin,  superficial  and  deep  fasc^iae. 
Supinator  loniriis. 


inner  skit: 
Painator  rjidii  leres. 
Flexor  carpi  radialis. 


lUdJul  Artery 
in  ForiNinti. 


Ottfrr  mh, 
Bupinatiir  1  on  tens- 
Radial  norvu  (middle  thirdj. 


Bekmd. 
Tendon  of  Biceps. 
Snpiniitor  brevis. 
Flexor  snblimis  digitornm. 
Pronator  radii  teres. 
^^exor  lon^ais  ptollipis, 
F^roriator  quadnitns, 
H:idiuj§. 

At  the  wrist,  as  it  ivinds  roiiiiil  the  outer  side  of  tbe  carpus  from  the  istvloid 
procei^s  to  the  first  intero8?*eous  space,  it  lies  ujwii  tlie  external  lateral  ligament, 
and  then  upon  the  scajdioid  bone  aud  trafiezium,  being  eovered  by  the  extensor 
tendons  of  the  thumb,  subcutaneous  veins,  some  filaments  of  the  radial  tterve,  and 
the  imegument.  It  is  accompanied  by  two  veins  and  a  filament  of  the  musculo- 
cutaneous nerve. 

In  the  hand  it  parses  from  the  tipper  end  of  the  first  interosseous  space, 
between  the  heads  of  the  Abductor  indieis  or  First  dorsal  interosseous  muscle, 
transversely  across  the  |ialiD,  to  the  base  of  the  metacarpal  bone  of  the  little 
finger,  where  it  inoscnlates  with  the  communicating  branch  from  the  ulnar  artery, 
forming  tbe  deep  |>almar  arch.  It  lies  upon  the  carpal  extremities  of  the  metacarpal 
bones  and  the  Interossei  muscb:'s,  being  covered  by  the  Adductor  ybii«iuus  pollicis. 
the  flex^n*  temlons  of  the  fingers,  the  Lumbricales,  the  Opponens,  antl  Flexor 
brevis  minimi  digiti.  Alongside  of  it  is  tbe  deep  branch  of  tbe  ulnar  nerve,  but 
running  in  the  opposite  direction;   that  is  to  say,  from  within  ontwaid. 

Peculiarities. — The  oritriii  of  tbe  radial  artery,  ar<'ordinjEr  to  (^uain,  is,  in  lifarly  one  case 
in  eitrlit.  hii^lirr  iljaa  usual;  mnre  iTerpiently  arising  frum  the  axdlary  or  upjxT  part  of  the 
bnii'hial  thun  from  the  lower  part  of  thi;^  vesseL  The  variations  in  the  pi^sition  ot  this  vesi^el 
in  the  ann  snid  at  the  beiid  of  the  elhiw  have  been  already  mentkined.  In  tlie  foreurru  it 
dt'viat*'S  le„SH  frerpiently  from  its  iMisition  than  the  ulnar  It  has  Wn  fonml  lyioL^  over  the  tWia 
instea^l  of  Ix^ntMith  it.  It  hiis  also  been  ol>Si^rved  un  tbe  snrfaee  i>f  tlie  Supinator  lonyus.  instead 
of  idooif  its  rruier  border ;  and  in  turning  ixiuud  tlie  wrist  it  has  been  seen  lying  over,  insteatl  of 
bt'oeatb.  the  extens<jr  tendons. 

Surface  Marking.— Tbe  fx>»ition  of  tbe  nidiid  artery  i!i  tbe  for^^ami  is  rc^ presented  by  a 
line  dntwn  froin  tbe  o«t*r  border  of  the  tendon  of  tbe  l{it'e])sin  tbe  cenht^  ol'tho  hollow  in  fit»nt 
of  tliL*  eltxiw  joint  with  a  straight  eoui'se  to  the  inner  side  of  the  fore  part  of  the  styloid  process 
of  tlie  ridiiiH. 

Snrgical  Anatomy* — The  mdial  arterj^  is  much  exjiKiiised  to  in|iirv  in  its  lower  tbiiHit  and  is 
frcouentfv  wuondrd  by  the  hand  being  driven  through  a  piuie  ot  gWs,  by  tbe  sliiujing  of  a 
kniie  or  chisel  beW  in  the  other  hand,  and  ^uebdike  at*eidents.  Tbe  ir^jurj^  is  often  tbllow**d  by 
a  frauujatie  aneurism,  t<>r  whirl r  tbe  old  operation  of  laying  often  the  sae  and  secnring  the  vessel 
above  and  below  is  re^fuiivd. 

The  operation  of  t\'inji^  the  radial  arterj'  is  required  in  cases  of  wounds  either  of  its  trunk  or 
of  some  of  its  branebe.s.  or  for  aneurism;  and  it  will  be  obsen'e<i  tbat  the  ves.s.-!  may  U*  exr>osed 
in  any  J  >art  of  its  eonr^^  through  the  Ibrearm  without  the  division  of  any  museojar  filires.  The 
openition  in  the  middle  or  inferior  thirrl  *d'  tbe  forearm  is  easily  jH^rfiirrned,  but  in  the  upper 
third,  near  the  elliH^w,  it  is  attended  with  some  ditHeulty.  from  the  greater  depllj  of  the  vt^s!»el 
an<l  trom  its  Wing  ovtjrlapw<l  by  tbe  Sufiinator  lom^^us  mus(4e. 

To  lie  the  artery  in  the  upper  thinJ  an  iinision  thrtM'  inches  in  lemrth  should  l*e  made 
tbr<*nLdi  tbe  int4*i:timc'nt,  in  a  line  dniwn  from  the  I'entre  of  tbe  I>end  of  the  eibow  to  the  front 
of  thi-  styloid  proejAss  of  the  radius,  avoiditii:  the  branehes  of  the  median  vein;  the  fast*ia  of 
the  arm  Ijcing  divided  and  the  Suninat<»r  lonirus  drawn  a  little  outwanb  the  artery  will  be 
exp«xs<^b  The  vetKt'  I'fimites  should  be  carefully  separated  from  the  vessctl,  and  live  Hgatuise 
passed  from  the  nidial  to  the  uhiar  side. 

In  the  middle  thirl  of  the  foreann  tbe  artery  may  be  exposed  by  making  an  ineision  of 
similar  length  on  the  inner  margin  of  the  Supinator  longus.     In  this  situation  the  radial  ner%*e 
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lies  in  rloec  relation  with  the  outer  side  of  the  artery,  and  should,  as  well  as  the  veins,  be  care- 
fully avoidiHl 

*  In  t!ii'  lower  third  the  artery  is  easily  secured  by  dividing  the  integument  and  fascia  in  the 
intervMl  hetween  the  tendons  of  the  Su- 
pinatnr  Kiei.uiis  \mA  Rexor  mrpi  radialis 
museleii. 

The  branches  of  the  radial  ar- 
tery  may  be  divided  into  three 
groups,  corresponding  with  the 
three  regions  in  whieh  the  vessel  is 
situated. 

(  Radial  Recurrent 
I   Muscuhir. 
Anterior  Car  pah 
8  uper ficiu  1  i ^  Voke. 

Posterior  Cn rjial.  -^^'^'^  rfc«rm»t' 

MetaeurpaL 
I    Dorsiile??  Pollieis. 
I   Dorsal  is  Indicia- 
[  Prince[>s  Pollicis, 
Radial  is  Indicis. 
-    Perforating. 
Interosseous. 
I    Palmar  Recurrent. 


In  the 
Forearm 


Wrmt . 


Hand. 


i'*/\ 


;  / 


superior 


The  radial  recurrent  is  given 
off  imrae<liiately  below  the  elbow. 
It  ascends  between  the  branches 
of  the  musculo-spiral  nerve  lying 
on  the  Supinator  brevis,  and  then 
between  the  Supinator  b)n«ijus  and 
Brachialis  antieiis,  supplying  these 
muscles  and  the  elbow-joint,  and 
anastomosing  with  one  of  the  ter- 
minal branches  of  the 
profnncla. 

The  muscular  branches  are  dis- 
tribule*!  to  the  m tildes  on  the  ra- 
dial side  of  the  forearm. 

The  anterior  carpal  is  a  small 
vessel  which  arises  frrjm  the  radial 
artery  near  the  lower  border  of  the 
Pronator  «|uadratns,  and»  running 
inward  in  fr<int  i)f  the  radios,  an- 
astomoses with  the  anterior  carjjal 
branch  of  the  ulnar  artery.  From 
the  arch  thus  formed  branches  de- 
scend to  supply  the  articulations 
of  the  wrist. 

The  superficiaHs  volae  arises 
from  the  radial  artery,  just  where 
this  vessel  is  about  to  wind  round 
the  wrist.  Running  forward,  it 
passes  between  the  ranseles  of  the 
thumb,  which  it  supplies,  and  some- 
times anastomoses  with  the  palmar 
portion  of  the  ulnar  artery,  com- 
pleting  the  superficial    palmar   arch. 


SnperJicieUia  volae- 


Deepi 


\ 
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usuaJly  it  is  very  small,  and  terminates  in  tlie  muscles  of  the  tlmmb  ;  sometimes 
it  is  as  lar;];c  as  the  contirHiation  of  the  radial. 

The  posterior  carpal  arises  from  the  radial  artery  beneath  the  extensor  tendons 

of  the  thumb :  crossing  the  cjirpus 

traosver^icly  to  its  inner  border,  it 

anaaloriioses  with  the  | posterior  car- 
pal branch  of  the  ulnar,  forming  the 
posterior  carpal  arch  J  which  is  joined 
by  the  termination  of  the  posterior 
interosseous  artery.  From  this  arch 
are  given  off  descending  branches, 
the  iiorml  interoHgeoa^  arterUs  for 
the  third  and  fourth  interosseous 
spaces,  which  run  forward  on  the 
muscles  and  divide  into  dorsal  digi- 
tal branches  which  supply  the  adja- 
cent sides  of  the  middle,  ring,  an*! 
little  fingers  respectively,  communi- 
cating with  the  digital  arteries  of 
the  superficial  palmar  arch.  At 
their  origin  they  anastomose  with 
the  superior  perforating  l>ranche8 
from  the  deep  palmar  arch,  and  at 
the  clefts  of  the  fingers  send  oflf 
inferior  pi'rforatim}  branches  to  the 
corresponding  palmar  digital  ar- 
teries. 

The  metacarpal  (first  dorsal  inter- 
OBseous  braBck)  arises  beneath  the  ex- 
tensor tendons  of  the  thumb,  some- 
times with  the  posterior  carpal 
artery ;  running  forward  on  the 
Second  dorsal  interosseus  muscle,  it 
communicates,  behind,  with  the 
corresponding  superior  |:*erforating 
branch  of  the  deep  palmar  arch : 
and  in  front  it  divides  into  two 
dorml  digital  branchesk^  which  supply 
the  adjoining  sides  of  the  index  and 
middle  fingers,  inosculating  with  the 
digital  branch  of  the  superficial 
palmar  arch*  It  also  has  a  similar 
but  more  constant  inferior  perfor- 
atiuij  branch. 

The  dorsales  polMcis  are  two 
vessels  which  ruu  :Jong  the  sides  of 
tlie  dorsal  aspect  of  the  thumb. 
They  arise  separately,  or  by  a  com* 
mon  trunk,  near  the  base  of  the  first 
metacarpal  bone. 
The  dorsalia  indicis  runs  along  the  radial  side  of  the  back  of  the  index  finger, 
sending  a  few  branches  to  the  Abductor  indicis. 

The  prmceps  pollicis  arises  from  the  radial  just  as  it  turns  inward  to  the  deep 
part  of  the  band;  it  descends  anterior  to  the  Abductor  indicis  and  between  the 
Adductor  pollicis  muscles,  along  the  ulnar  side  of  the  metacarpal  bone  of  the  thumb, 
to  the  base  of  the  fir^t  phalanx,  where  it  divides  into  two  branches,  which  run  along 
the  sides  of  the  palmar  a.«pect  of  the  thumb  and  form  an  arch  on  the  under  surface 
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of  the  last  phalanx,  from  which  branches  are  distributed  to  the  integument  and 
pulp  of  the  thumb. 

The  radialis  indids  arises  close  to  the  preceding,  descends  between  the 
Abductor  indicis  and  Adductor  transversus  poUicis,  and  runs  along  the  radial 
side  of  the  index  finger  to  its  extremity,  where  it  anastomoses  with  the  collateral 
digital  artery  from  the  superficial  palmar  arch.  At  the  lower  border  of  the 
Adductor  transversus  poUicis  this  vessel  anastomoses  with  the  princeps  poUicis, 
and  gives  a  communicating  branch  to  the  superficial  palmar  arch. 

The  superior  perforating  arteries,  three  in  number,  pass  backward  between  the 
heads  of  the  last  three  Dorsal  interossei  muscles,  to  inosculate  with  the  dorsal 
interosseous  arteries. 

The  palmar  interosseous,  three  or  four  in  number,  are  branches  of  the  deep 
palmar  arch ;  they  run  forward  upon  the  Interossei  muscles,  and  anastomose  at 
the  clefks  of  the  fingers  with  the  digital  branches  of  the  superficial  arch. 

The  palmar  recurrent  branches  arise  from  the  concavity  of  the  deep  palmar 
arch.  They  pass  upward  in  front  of  the  wrist,  supplying  the  carpal  articulations 
and  anastomosing  with  the  anterior  carpal  arch. 

Ulnar  Artery. 

The  Ulnar  Artery,  the  larger  of  the  two  terminal  branches  of  the  brachial, 
commences  a  little  below  the  bend  of  the  elbow,  and  crosses  obliquely  the  inner 
side  of  the  forearm,  to  the  commencement  of  its  lower  half;  it  then  runs  along  its 
ulnar  border  to  the  wrist,  crosses  the  annular  ligament  on  the  radial  side  of  the 
pisiform  bone,  and  immediately  beyond  this  bone  divides  into  two  branches, 
superficial  and  deep  palmar. 

Belations  in  the  Forearm. — In  its  upper  half  it  is  deeply  seated,  being  covered 
by  all  the  superficial  flexor  muscles,  excepting  the  Flexor  carpi  ulnaris ;  it  is 
crossed  by  the  median  nerve  (deep  head  of  rronator  radii  teres  intervening), 
which  lies  just  above  to  its  inner  side,  and  it  lies  upon  the  Brachialis 
anticus  and  Flexor  profundus  digitorum  muscles.  In  the  lower  half  of 
the  forearm  it  lies  upon  the  Flexor  profundus,  being  covered  by  the  integu- 
ment, the  superficial  and  deep  fasciae,  and  is  placed  between  the  Flexor 
carpi  ulnaris  and  Flexor  sublimis  digitorum  muscles.  It  is  accompanied 
by  two  venae  comites ;  the  ulnar  nerve  lies  on  its  inner  side  for  the  lower  two- 
thirds  of  its  extent,  and  a  small  branch  from  the  nerve  descends  on  the  lower  part 
of  the  vessel  to  the  palm  of  the  hand. 

Plan  of  Relations  of  the  Ulnar  Artery  in  the  Forearm. 

In  front 

Superficial  layer  of  flexor  muscles.  |  UpDer  half. 
Median  nerve.  j     *^^ 

Superficial  and  deep  fasciae.  Lower  half. 

Inner  siih.  f     xj,„„     \  Outer  side. 


Flexor  carpi  ulnaria  i     ^^^^     \  Flexor  sublimis  digitorum. 

Ulnar  nerve  (lower  two-thu^).  \  '  ^ 

Beldnd. 
Brachialis  anticus. 
Flexor  profundus  digitorum. 

At  the  wrist  (Fig.  364)  the  ulnar  artery  is  covered  by  the  integument  and 
fascia,  and  lies  upon  the  anterior  annular  ligament.  On  its  inner  side  is  the 
pisiform  bone.  The  ulnar  nerve  lies  at  the  inner  side,  and  somewhat  behind  the 
artery. 

Peculiarities.— The  ulnar  artery  has  been  found  to  var>^  in  its  origin  nearly  in  the  propor- 
tion of  one  in  thirteen  cases,  in  one  case  arising  lower  than  usual,  about  two  or  three  inches 
below  the  elbow,  and  in  all  other  cases  much  higher,  the  brachial  being  a  more  frequent  source 
of  origin  than  the  axillary. 
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Variations  in  the  position  of  tliis  vessel  are  more  fVctjuent  tlnin  iti  tlio  radial.  When  iu 
orij^in  iH  iM^rnial  the  course  of  the  vessel  is  rarely  chiuiLred.  When  it  iirw*i  high  up  it  is  slmoiit 
invarialjly  j^opertieiul  to  the  flexor  muaclei*  in  the  fureaniL  lyiti^  wmjmotily  beneath  the  fascia* 
morf'  nireiy  helween  tlie  fasela  and  iutejL^u merit.  In  a  few  ra^ifs  its  fNrjsilion  waij  subcutaneous 
in  the  upf>er  purt  of  the  forearm,  snhapoueim>tie  in  the  lower  p;irt. 

Suixace  Marking.— On  afeoiuit  of  the  curved  direetion  of  the  ulnar  art  erj'  the  hneon  thesur- 
fat^e  of  the  bridy  wliieb  ijidieatis  its  eourse  is^  sumcwhat  etmjpltented.  First,  draw  a  Hne  from  the 
front  of  the  itHenial  eondyle  of  the  bunienis  t<i  the  radial  side  of  the  pisiform  bone  ;  t!ie  lower 
two-thirds  of  this  line  represcnl**  the  rourst!  of  thu  mirblie  and  lower  third  of  flie  ulnar  arterv. 
Seeondly.  draw  a  line  from  the  centre  of  I  be  hullow*  in  fn>ut  uf  tbe  elb«iw-joint  to  the  junetton  id^  the 
upt>«  r  snd  n^iddle  third  of  fh4j  first  Une ;  thin  repre.setits  tlje  course  of  tbe  upper  tbinl  of  the  arten". 

Surgical  ABatomy. — The  applieation  of  a  ligature  to  this  vessel  i«  required  in  ea»es  of 
wound  of  the  arter>^  or  of  its  branches,  or  in  eon»e<|Ucnre  i.i\  aiieuris^m.  In  tbe  u|>per  Ijnif  of 
the  fort-arm  the  arten'  is  deeply  .sesited  beneath  tbe  superficial  flcxnr  uin;*«'lctSt  and  the  appliea- 
tiou  id'  a  litfature  in  tin.H  situation  is  attended  with  wnue  diffieuhy.  An  ini]su>n  is  to  W  made 
in  the  <^uurj*e  oi  a  line  drawn  from  the  I'nmt  of  ttie  internal  condvlc  of  the  bumerns  to  the  outer 
side  of  tbe  pisi!brm  bone,  so  that  the  centre  of  the  incision  is  three  tintrcrs'  bix-adtb  below  the 
internal  condyle.  The  skin  and  tiuperficiul  fascia  having  Ixcn  divided  and  the  deep  last-ia 
ex^Kisedt  the  wbitc  line  which  separates  the  Flexor  carpi  ulnans  fnjm  the  other  flexor  muwles 
is  to  be  nought  for,  and  the  fascia  incised  in  this  line.  Tbe  Flexor  carpi  ulnarii?  is  now  to  be 
careftilly  nepamted  from  tbe  other  muscles,  when  the  ulnar  nerve  will  be  expo&ed,  and  must  be 
drawn  a.side.  Some  little  distance  below  the  nerve  lh<'  artery  will  Ix*  found  accompanied  by  its 
venie  comites,  and  may  be  liiratured  by  pa,Hsing  tbe  needle  fron*  vvitiiin  outward.  In  llaemifidie 
and  lower  third  of  tbe  tbrearm  this  vessel  may  be  easily  secured  by  making  an  incision  on  the 
radial  side  of  the  temlou  of  tbe  Flexor  earjji  ulnaris  :  the  dccji  fascia  bein^^  divided,  and  tbe 
Flcxnr  carpi  uhiaris  and  its  companion  muM'le,  the  Flexor  subliinis,  bein^^  scjtarated  frtmi  each 
other,  the  vckscI  will  \)Q  exposed,  aecunipanied  by  its  venre  comites,  tbe  ulnar  nerve  lying  on  its 
inner  sith^.  Tbe  veins  being  separated  frum  tbe  artery,  tbe  ligature  should  be  passed  fnuu  the 
ulnar  to  the  radial  side,  taking  care  to  avoid  the  ulimr  uerve. 

The  branches  of  the  ulnar  artery  may  be  ari*anged  in  the  following  groups : 


Forearm. 

WriHt, 
Hand. 


I  Interosseous 


Anterior  Ulnar  Recurrent* 
Posterior  Llnar  ReciirrenL 

f  Anterior  Interosaeous. 
\  Posterioi-  Interosseous. 
(^  Muscular, 
f  Anterior  Carpal, 
i  Posterior  CnrpaL 
I  Superficial  Palmar  Arch. 
(  Deep  Palmar  or  Ct>mmuiiirating. 


I 


The  anterior  tilnar  recturent  (Fig.  365)  arises  immediately  below  the  elbow- 
joint,  pajsses  upward  and  inward  between  the  Braehialis  anticus  and  Pronator 
radii  teres,  supplies  those  muscdes,  and,  in  front  oi  the  inner  eondyle,  anastomoses 
with  the  anastomotica  magna  and  inferior  profunda. 

The  posterior  ulnar  recurrent  is  much  larger,  and  ari.^es  soniewliat  lower  than 
the  preceding.  It  passes  backward  and  inward,  lieneath  the  Flexor  sublin)is, 
and  ascends  l>ehind  the  inner  eondyle  iif  the  humerus.  In  the  interval  between 
this  process  and  the  olecrannn  it  lies  lieneath  the  Flexor  carpi  idnaris,  ascend* 
ing  between  the  heads  of  that  muscle,  beneath  the  ulnar  nerve;  it  supplies  the 
neighboring  muscles  and  joint,  an<l  anastomoses  with  the  inferior  profunda,  anas- 
tomntica  magna,  and  interosseous  recurrent  arteries  (Fig.  ^A^M)* 

The  interosseous  artery  (Fig.  3(>r>)  is  a  short  trunk  about  an  inch  in  length, 
and  nf  enusideralde  size,  which  arises  immediately  lielow  the  tuberosity  of  the 
radius,  and,  passing  backward  to  tbe  tipper  border  of  the  interosseous  membrane, 
divides  into  two  branches,  the  (interior  mid  poster i(yr  interoHEeottH, 

The  anterior  interoBseous  passes  down  the  forearm  on  the  anterior  surface  uf 
the  interosseous  membrane,  to  which  it  is  connected  by  a  thin  ajioneurotie  arch> 
It  is  accompanied  by  the  interosseous  branch  id"  ilie  tnediaii  nerve,  and  (>verla]iped 
by  the  contiguous  margins  of  the  Flextn*  pi*id"uiidus  digitoruui  and  Flexor  h»ngus 
pollicis  muscles,  giving  nff  in  this  situation  muscular  branches  and  the  nutrient 
arteries  of  the  radius  and  ulna*  At  the  upjier  border  of  the  Pnmator  <|uadratu9 
a  branch  descends  beneath  the  muscle  to  anastomose  in  fnuit  of  the  carpus  with 
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FlUl^fMt. 


Posterior  idnar 
reemrrent. 


^M 


% 
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branches  from  the  anterior  carpal  and  deep  palmar  arch.  The  continuation  uf 
the  artery  passes  behind  the  Pronator  qiiadratiis,  ami,  piercing  the  interosseous 
membrane,  gets  to  the  hack  of  the  f^jrcann,  and  anasiomoBes  with  the  posterior 
interosseous  artery  (Fig.  366).  It  then  descends  to  tnc  back  of  the  wrist  to  join  the 
posterior  carpal  arch.  The 
anterior  interosseous  reives  off  ,        jk  -  ^^^^V^9  branch  from 

1  1        1         I       °  I       a  /     y^\        8xiperwrprof\Anda. 

a    long,   slender   branch,    tna  - 

median  art  en/,  which  accom- 
panies the  median  nerve  and 
gives  offsets  to  its  substance. 
This  artery  is  sometimes  much 
enlarged.  It  also  gives  off 
nutrient  branches  to  the  radius 
and  olna  about  the  middle  of 
the  forearm. 

The  posterior  interosse- 
ous artery  passes  backward 
through  the  interval  between 
the  tibli<iue  ligament  and  the 
iijiper  border  of  the  interos- 
sei>us  membrane.  It  afipears 
between  the  contignotis  bor- 
ders of  the  Supinator  brevis 
and  the  Extensor  ossis  meta- 
carpi  poll ic is,  and  runs  down 
the  back  part  of  the  forearm, 
between  the  suijerficial  and 
deep  layer  of  muscles,  to  ' 
both  of  which  it  distributes 
branches.  At  the  lower  part 
of  the  forearm  it  anastomoses 
with  the  termination  oi*  the 
anterior  interosseous  artery. 
Then,  continuing  its  course 
over  the  head  of  the  ulna,  it 
joins  the  posterior  carpal 
branch  of  the  ulnar  artery. 
This  artery  giv^es  off,  near  its 
origin,  the  interosaeouH  rectir- 
rent  hranek. 

The  iBterosseous  recurrent 
artery  is  a  large  vessel  which 
ascends  to  the  interval  be- 
tween the  external  cimdyle 
and  olceran^ui,  on  or  through 
the  fibres  of  the  >Supinator 
brevis,  but  beneath  the  Anco- 
neus, anastomosing  with  a 
branch  fnun  the  suj>erior  pnn 
bmda,  and  with  the  posterior 
ulnar  recMrrent  and  anas- 
torn  otica  magna. 

The  muscular  branches  are  distributed  to  the  muselea  along  the  ulnar  side  of 
the  forearm. 

The  anterior  carpal  is  a  small  vessel  which  crosses  the  frnnt  of  the  carpus 
beneath  the  tendons  of  the  Flexor  profundus,  and  inosculates  with  a  correspond- 
ing branch  of  the  radial  artery. 


TermifMLtion  uf  aii- 
ierioT  inttroBseoHS, 


Posterior  carpal  _ 
i  ulnar). 


Pusterior  carpal 
{radml). 

^Radial. 

,I>wr*a/iJ»  p<Mlici». 
rsali$  indicis. 


Fig,  366.— Arteries  of  the  buck  of  the  forearm  ami  huud. 
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The  posterior  carpal  arises  immediately  above  the  pisiform  bone,  and  winds 
backward  beueatli  tbe  tendon  of  the  Flexor  earpi  iilnaris:  it  passes  across  the 
dorsal  surface  of  tbe  carpus  beneath  the  extensor  tendons,  anastomosing  with  a 
corresponding  branch  of  the  radial  artery;  and  forming  the  pmterior  ear  pal  arch. 
Immediately  after  its  origin  it  gives  off  a  small  branch  which  runs  along  the 
ulnar  side  of  the  metacarpal  bone  of  the  little  linger,  forming  one  of  the  meta- 
carpal arteries,  and  supplies  tbe  ulnar  side  of  the  dorsal  surface  of  the  little 
finger.     (See  also  page  600,) 

The  deep  palmar  or  commiinicatiiig  brancli  (Fig,  365)  passes  deeply  inward 
between  ihe  Abductor  minimi  digiti  and  Flexor  brevis  minimi  digiti  near  their 
origins ;  it  anastomoses  with  the  termination  of  the  radial  artery,  completing  the 
deep  palmar  arch. 

The  Superficial  Palmar  Arcli. — ^The  superficial  palmar  arch  passes  outward 
across  the  palm  of  the  hand,  describing  a  curve,  with  its  convexity  forward  to  the 
space  between  tbe  ball  of  tbe  thumb  and  the  index  finger,  where  the  arch  is  com- 
pleted by  its  anajsroinosing  with  a  branch  from  tbe  radialis  indicis,  though  some* 
times  the  arch  is  completed  by  its  anastomosing  with  the  superfieialis  vola* 
brancb  of  the  radial  artery. 

Eelatioiifi,"Tbe  superficial  palmar  arch  is  covered  by  the  skin,  the  Pal  maris 
brevis,  and  the  palmar  fascia.  It  lies  upon  the  annular  ligament,  origin  of  the 
muscles  of  the  little  finger,  the  tendons  of  the  superficial  flexor  of  the  fingers, 
and,  the  divisions  of  the  median  and  ulnar  nerves. 


Relations  of  the  Superficial  Palmar  Arch, 

In  front 
Skin. 

Pulmaris  brevis. 
Palmar  taacia. 


Behind. 

Annular  ligament. 

Origin  of  mus^^les  of  little  finger. 

Sut>erfieiiil  flexnr  ternJuiis. 

Divisions  of  median  and  ulnar  nerves. 

Branches  of  the  Superficial  Palmar  Arch* 

Digital. 

The  digital  branches  (Fig.  364),  four  in  number,  are  given  off  from  the  con- 
vexity of  the  superficial  palmar  arch.  They  supply  tbe  ulnar  side  of  the  little 
finrjer  and  the  adjoining  sides  of  the  little,  ring,  middle,  and  index  fingers,  the 
radial  side  of  the  index  finger  and  thumb  being  supplied  from  the  radial  artery. 
The  digital  arteries  at  first  lie  superfieial  to  the  flexor  tendons,  but  as  they  pass 
forward  with  the  digitii!  nerves  to  the  clefts  between  the  fingers  they  lie  between 
them,  and  are  there  joined  by  the  interosseous  branches  from  the  deep  palmar 
arch.  Tbe  digital  arteries  on  tbe  sides  of  the  fingers  lie  behind  the  digital 
nerves;  and  about  the  tniddfe  i>f  the  last  phalanx  the  two  branches  for  each 
finger  form  an  arch,  fr<*tn  tbe  convexity  of  which  branches  pass  to  supply  the 
pulp  of  the  finger. 

Surface  Marking.— Tlie  Mijierfif'ijil  palmar  ardi  i a  represented  by  a  cuncd  line,  starting 
from  tbe  outt-r  side  t\^  the  pisilorm  bune  nnd  carried  dowiiwurd  as  far  aii  tbe  middle  ihipl  of 
tbe  palm,  jiiiii  then  curved  (jutward  on  a  level  with  the  upper  end  of  the  clefl  between  tbe 
thumb  and  index  fiiitrer 

The  deep  |>aliijar  iircli  is  situated  about  balf  an  inch  nearer  to  tbe  carpus. 
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Surgical  Anatomy.— Wounds  of  the  palmar  tircties  are  of  special  interest,  and  are  alwavs 
fJifficult  to  deal  with,  Wlieu  the  wound  in  thtr  8tiperfictal  tissues  m  extensive^  it  may  be  possible 
t<»  secure  tlie  bleeding  ends  of  the  vessel ;  hut  when  there  is  a  small  punctured  wound,  a*  from 
a  i>eiiknife  or  pie<!e  of  glass,  preiisure  i^ystematieally  applied  is  probably  tlie  best  eoiirse  of  treat- 
ment, as  there  is  difficulty  in  reaching  the  wounded  vessel  without  damiijirinii  important  stnic- 
tortus.  At  the  ^me  time  it  must  be  admitted  that  pressure  applies!  to  the  jnilm  of  the  hand  to 
arrest  hft^morrhaiLfe  from  a  wound  of  one  of  the  palmar  arches,  especially  the  deep  arch,  is  ar>t 
to  be  followed  by  sloughing,  owing  to  the  rigidity  *d^  the  parts  and  the  facility  with  which  a  con- 
siderable amount  of  pressure  can  be  applied.  In  wounds  of  tlie  deep  pahiiar  arch  a  ligature 
may  l>e  applied  to  the  bleeding  points  m»m  the  durwum  of  the  bund  oy  ret^CHition  of  the  upper 
pan  |if  the  third  metacarpal  lione.  It  is  useless  in  these  cases  to  ligature  one  of  the  arteries  of 
the  foreann  alone,  and  indeed  sitnultnneons  ligature  of  both  radial  and  ulnar  arteries  above  the 
wrist  is  often  unsuecessful,  on  account  of  the  anastomosis  carried  on  by  the  carpal  arcb^. 
Therefore,  upon  the  failure  of  pressure  to  arrest  haemorrhage  it  is  expedient  to  apply  a  liga- 
ture to  the  brachial  artery. 
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The  Descending  Aorta  is  divided  into  two  portions,  the  thoracic  tlixA  ahJominal^ 
in  correspondence  with  the  two  great  cavities  of  the  trunk  in  which  it  is  situated. 

TKE  THORACIC  AORTA. 

The  Thoracic  Aorta  commences  at  the  lower  border  of  the  fourth  dorsal  ver- 
tebra, on  the  left  side,  and  terminates  at  the  aortic  opening  in  the  Diaphragm,  in 
front  of  the  last  dorsal  vertebra.  At  it8  commencement  it  is  situated  on  the  left 
side  of  the  spine  ;  it  approaches  the  median  line  as  it  descends,  and  at  its  termina- 
tion lies  directly  in  front  of  the  column.  The  direction  nf  this  vessel  being  influ- 
enced by  the  spine,  upon  which  it  rests,  it  describes  a  curve  which  is  concave forw aid 
in  the  dorsal  region.  As  the  branches  given  off  from  it  are  small,  the  diminution 
in  the  size  of  the  vessel  is  inconsiderable.  It  is  contained  in  the  back  part  of  the 
pcKStcrior  raediastinura. 

Relations, — It  is  in  relation,  in  fronts  from  above  downward,  with  the  left  pul- 
monary artery,  the  left  bronchus,  the  pericardium,  and  the  oesophagus ;  behind^ 
with  the  vertebral  column  and  the  vena  azygos  minor ;  on  the  rk/ht  sidi\  with  the 
vena  azygos  major  and  thoracic  duct ;  on  the  left  Jitide,  with  the  left  pleura  and 
lung.  The  oesophagus  with  its  accompanying  nerves  lies  at  first  on  the  right  side 
of  the  aorta,  but  at  the  lowt^r  part  of  the  tliorax  it  gets  in  front  of  the  aorta,  and 
close  to  the  Diaphragm  is  situated  to  its  left  side. 

Plan  of  the  Relations  of  the  Thoracic  Aorta. 

Jm  fron  t. 
Jjefi  pulmonary  artery. 
Ijeft  bronchus. 
Pericardium. 
(Esophagus  (below). 


Right  nde. 
(Ejsopbagiis 
Vena  az3'^os  cnajor. 
Thoracic  thict. 


Lffi  side. 
Pleura. 
Left  lung. 
(Esophagus  (below). 


Behind, 
Vertebral  eolunin. 
Vena  azygos  minor. 

The  aorta  is  occasionally  found  to  be  obliterated  at  a  particnkr  8pi>t — viz.  at  the  junction  of 
the  arch  with  the  thoracic  aorta,  just  b*low  the  ductus  arteriosus.  Whether  this  i«  the  result  of 
disease  or  of  congenital  ixialfomiatton  is  immaterial  to  our  present  purpofic ;  it  affords  an  interest- 
ing opptirtunity  of  oViscrviui:  the  resiiurces  of  tbc  coiltitenil  Lireiilation,  The  course  of  the  anas- 
tomosing  vesst^s,  by  which  the  blood  is  bni»ught  from  the  npr>cr  to  the  limer  piirt  of  the  arteTJ^ 
will  be  found  well  described  in  an  uccount  of  tWL»  trA^^  in  the  nithJofjmd  lyansnctions^yoh.ym. 
and  ?c.     In  the  former  (p.  160|  Mr,  Sydney  Jones  thus  sums  up  the  detailed  deecription  of  the 
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aiuistoiiKWiing  veasels:  ^*Tlic  principal  eoimuuiiieutions  by  which  the  circulation  was  oarried  an, 
wvre— Fii-stly,  the  internal  matnioiin',  aBiii^tfinKjain^'  witfi  the  intereostal  arteritiis,  with  tbe  phrenic 
oC  tlie  ahdomiiiLil  aorta  hy  means  of  tho  iimsciilophrenie  and  eonies  nervi  jjhreniei,  and  largely 
with  l!ie  tieet*  epijL'itstri**.  tSeeuiiJly»  tlie  ijiiipenar  interetistal,  aiia>4tt>mosin«  anteriorly  by  means* 
at' a  large  branch  with  the  tirst  aortic  intcrt'oHtah  and  jKjstl;rioi*ly  with  the  jio.steriorbrHneh  of  the 
same  artery.  Thirdly,  the  inferior  thyroid,  by  means  of  a  braneb  about  the  si  see  of  an  ordinary 
mdial,  fornir-d  a  eominunieatiiHi  with  tbe  firsi  aortie  inten'ostal,  Fourthly,  the  transversal  is  eoUi, 
)n  ineansof  very  lariie  comniuiiirutifnis  willi  tbe  ptT*?terior  branehea  of  the  intereostiils.  Fifthly, 
tbe  braiicbes  *  of  tbe  sulx-lavian  and  axillary  |  (Cfoing  to  the  side  of  the  chest  wtre  lar^^e.  and 
ai»iust4»njoiit!d  freely  with  the  lateral  branches  of  the  intercostak/'  In  the  steond  ease  also  (vol. 
X*  p.  97)  Mr  Wood  des<Til>es  the  anastomoses  in  a  Rimewhat  similar  manner,  addin^^  the  remark 
that  "  tlK'  b|*)<>d  which  was  brouiilat  into  the  aorta  thron^h  the  anastomoses  of  the  interccistal 
arferies  n|ip^'ared  ti«  1«ecx|K'nded  principally  in  sunplying  the  ab<lonien  and  |>elvis,  while  the  sup- 
ply Xti  the  liiwer  extremities  had  [nissed  diromjh  the  internal  mammary  and  epi^f;istrics. " 

Surgical  Anatomy. — The  j^tudent  should  now  consider  the  efl'eets  likely  to  l»e  produced  by 
aneurism  of  the  thoracic  aorta,  a  diseiuse  nf  common  iK-currenee.  Wh€*n  we  consider  the  tfreat 
depth  iA^  tlie  vessel  from  the  surface  and  the  number  of  imt>ortant  stnictures  which  surround  it 
on  every  *side,  it  may  easily  be  conceived  what  a  variety  of  obs^^ure  symptoms  may  arise  fr<>in  dis- 
ease of  this  part  of  the  arterial  system,  and  how  they  may  be  liable  to  be  mistaken  tVir  thi>se  of 
other  affections.  Aneurism  of  the  thoracic  aorta  most  usually  extends  backward  alorjg  the  left 
side  of  the  spine.  pnHlucim?  absorption  of  the  bmlies  oi*  the  vertebni%  with  curvature  of  the  spine ; 
wbilst  the  irritation  or  pressure  <>n  the  cor^J  will  give  rise  to  pain,  either  in  the  chest,  bat^k,  or 
loins,  with  radiatiuir  pain  in  llic  left  upper  intercf>stal  spaces,  from  (pressure  on  tlie  intercostal 
nerves ;  at  the  same  time  the  tumor  may  project  baekwar<l  on  each  siile  of  the  spine,  beneatli  the 
intepumenf,  as  a  pulsalinir  swellini;,  simulating  abseess  conneetetl  with  diseased  bone,  or  it  may 
displace  tlic  oesophagus  and  eompre?<,s  the  \\v\m  on  one  or  the  other  side.  If  the  tumor  extend 
forward,  it  may  press  upon  and  displace  the  heart,  giving  rise  to  tjsdpilation  and  other  symptoms 
of  disease  of  tlnit  or;;an  ;  c>r  it  may  displace,  or  even  compress,  the  a^soplias^ns,  causing  pain  and 
difficulty  of  swallowing,  as  in  stricture  of  that  tube  ;  and  ultimately  even  ot>en  into  it  !»>  ulcera- 
tion, producing  fatal  hamiorrhage.  If  the  disease  extends  U>  the  right  side,  it  may  press  upon 
the  tboiiicie  dttet ;  or  it  njay  burst  into  the  pleural  e^ivily  or  into  the  trachea  or  lung ;  and  lastly, 
it  may  open  into  the  posterior  mediastinum. 


Bkaxthes  of  the  Thoracic  Aorta. 


Periciii'diae. 
Brouchitil. 


QEiftophageaL 

Poster] or  Med iastioal . 


Intercostal. 


The  pericardiac  are  a  few  small  vessels,  irregular  in  their  origin,  distributed  to 
the  pericardiuiii. 

The  broncMal  arteries  are  the  nutrient  vessels  of  tbe  lun^s,  and  vary  in  num- 
ber, size,  un<i  origin.  That  of  the  right  sitle  arises  from  tbe  first  aortie  intercostal, 
or  by  a  common  trunk  with  tbe  left  bronchial  from  the  front  of  the  thoraeie  aorta. 
Those  of  the  left  side,  usually  two  in  number,  arise  from  the  thoraeie  aorta,  one  a 
little  lower  tluin  the  other.  Each  vessel  is  directed  to  the  buck  |jart  of  the  corre- 
8)>*uuling  bronehus  along  which  it  rtins,  dividing  ami  subdividing  n[ion  the  bron- 
chial tube,  supijlying  them,  tbe  cellular  tissue  of  the  litngs,  the  bronchial  glands, 
and  the  oesophagus. 

The  CBsopliageal  arteries,  i^sually  four  or  five  in  number,  arise  from  the  from 
of  the  aorta,  and  pass  obli<(uely  downward  to  the  ceso|diagus,  fmnning  a  chain  of 
anastfmioses  along  that  tube,  anastomosii^g  with  the  oesophageal  branches  of  the 
inferior  thyi'^id  arteries  above,  and  with  ascending  branches  from  the  |direnie  atid 
gastric  arteries  below. 

The  posterior  mediastinal  arteries  are  numer<uis  stnall  vessels  which  supply  the 
glands  and  loose  areolar  tissue  in  the  mediastinum. 

The  Intercostal  arteries  arise  frrun  the  luiek  j)art  of  the  aorta,  Tliey  are  usu- 
ally  eleven  in  nuinbcr  on  each  side,  the  superior  intercostal  S[»ace  being  stipplied 
by  the  superior  intereosTaL  a  branch  of  the  subclavian,  and  tbe  second  intercostal 
8{iace  being  siipplied  by  a  iManch  frotn  the  superior  intercostal  joining  with  the  fii-st 
aortn*  intercostal.  Tbe  lowest  of  these  branches,  the  i^uhetmtal  arfert/^  underlies 
the  last  rib.  The  right  intereostals  are  longer  than  the  left,  on  account  of  the 
position  of  the  aorta  on  the  left,  side  of  the  spine:  they  pass  outwai^d,  across  the 
bodies  of  the  verteb^^^  tn  the  intercostal  spaces,  being  covered  by  the  pleura,  tbe 
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oesophagus,  thoracic  duct,  sym|>athetic  nerve,  aed  the  vena  azygos  major;  the  left 
passing  beneath  the  superior  intercostal  vein,  the  ve*tia  azygos  minor,  and  sy  in  pa- 
thetic. In  the  iotei'cosial  spaces  each  artery  divides  into  two  branches— an  ante- 
rior, or  proper  inrorcor^tal  hniuch  :  and  a  posterior,  or  dorsal  brunehJ 

The  anterior  branch  passes  outward,  at  first  lying  upon  the  External  inter-^ 
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Fig.  367.— The  abdominal  aorU  and  its  brunches. 


costal  muscle,  covered  in  front  by  the  pleura  and  a  thin  fascia.     It  then  passes' 
between  the  two  hiyers  of  Interoiistal  muscles,  and,  having  ascended  obliquely  to 
the  lower  border  of  the  rib  above,  divides,  near  the  angle  of  that  bone,  into  two 
branches :   of  these  the  larger  runs  in  the  groove  on  tlie  lower  border  of  the   rib 
above;   the  smaller  branch   along   tlie   upper  border  of  the  rib  below;  passing 

*  Mn  W,  J.  Wjilshfiin  ile-scriltes  n  MuaM  twi^r  iit*  being  given  ofl'  from  tvn^h  intitTtYwial  ckw^e  to  its 
ori^*n»  He  stJites  thjii  lliey  cun  be  traecHl  ninninjj  L>ctween  the  neek  of  the  rib  and  the  transverse 
proeeas  of  the  corresponding  vertebra  j  they  antUHtoni'j**  with  similar  twigs  given  off'  from  the  inter- 
cxi^tal  arterjr  next  below.  In  tlu-  fii-st  and  tw.H'CJnd  sjmc<*s  similar  anastomoslni,'  twi^s  are  given  ofl'  from 
ihe  sup^jrior  inter cotilal  {Jmirmtl  oj  Atuitomy  and  PktjmtjltHjitf  voL  xvi.  [>art  iii,  p.  443). 
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forward,  they  supply  the  Intercostal  muscle,  and  anastomose  with  the  anterior 
intercostal  branches  of  the  internal  mammary,  and  with  the  thoracic  branches  of 
the  axillary  artery.  The  first  aortic  intercostal  anastomoses  with  the  superior 
intercostal,  and  the  last  three  pass  between  the  abdominal  muscles,  inosculating 
with  the  epigastric  in  front  and  with  the  phrenic  and  lumbar  arteries.  Each 
intercostal  artery  is  accompanied  by  a  vein  and  nerve,  the  f^ouier  being  above, 
and  the  latter  below,  except  in  the  upper  intercostal  spaces,  where  tlie  nerve  is  at 
first  above  the  artery.  The  arteries  are  protected  from  pressure  during  the  action 
of  the  Intercostal  muscles  by  fibrous  arches  thrown  across,  and  attached  by  each 
extremity  to  the  bone.  The  lower  intercostal  arteries  are  continued  anteriorly 
from  the  intercostal  spaces  into  the  abdominal  wall,  except  the  last,  the  mbeostal, 
which  lies  throughotit  its  whole  course  in  the  abdominal  wall,  since  it  is  placed 
below  the  last  rib.  They  pass  behind  the  costal  cartilages  between  the  Internal 
obliipie  and  Transversalis  muscle  to  the  sheath  of  the  Rectus,  where  they 
anastomose  with  the  internal  mammary  and  the  deep  epigastric  arteries.  Behind, 
the  subcostal  artery  anastomoses  with  the  first  lumbar  artery. 

The  posterior  or  dorsal  brancli  of  each  intercostal  artery  passes  backward 
to  the  inner  side  of  the  anterior  costo-transverse  ligament,  and  divides  into  a 
muscular  branch  which  is  distribnted  to  the  muscles  and  integument  of  the  back, 
and  a  spinal  branch  which  enters  the  spinal  canal  through  the  intervertebral 
foramina  to  be  distributed  to  the  sj^inal  eord  and  its  membranes,  and  to  the 
bodies  of  the  vertebrae  in  the  same  manner  as  the  lateral  spinal  branches  from  the 
vertebraL 

THE  ABDOMINAL  AORTA  (Fi^.  367). 

The  Abdominal  Aorta  commences  at  the  aortic  opening  of  the  Diaphragm,  in 
front  of  the  body  of  the  last  dorsal  vertebra,  and.  descending  a  little  to  the  left 
side  of  the  vertebral  column,  terminates  on  the  body  id'  the  fourth  lumbar  vertebra, 
commonly  a  little  to  the  left  of  the  middle  line,*  where  it  diviiles  into  the  two 
common  iliac  arteries.  It  diminishes  rapidly  in  size,  in  ctmsequence  of  the  many 
large  branches  which  it  gives  off.  As  it  lies  upon  the  bodies  of  the  vertebrie 
the  curve  which  it  describes  is  convex  forwards  the  greatest  convexity  correspond- 
ing to  the  third  lumbar  vertebra,  which  is  a  little  above  and  to  the  left  side  of  the 
umbilicus. 

Relations. — It  is  covered,  in  fronts  by  the  lesser  oraentitm  and  stomach,  behind 
which  are  the  branches  of  the  c<jeliac  axis  and  the  solar  plexus;  below  these,  by 
the  splenic  vein,  the  pancreas,  the  left  renal  vein,  the  transverse  portion  of  the 
duodenum,  the  mesentery,  anrl  aortic  plexus.  Behind,  it  is  separated  from  the 
lumbar  vertebrie  by  the  left  lumbar  veins,  the  receptacuhmi  chyli*  and  thoracic 
duct.  (Jo  the  Tfffht  akle  it  is  in  relation  with  the  inferior  vena  cava  (the  right 
crus  of  the  Diaphragm  being  interposed  above),  the  vena  azygos  major,  thoracic 
duct,  and  right  semilunar  ganglion;  on  the  left  side,  with  the  sympathetic  nerve 
and  left  semilunar  gan«rlion. 


Plan  of  the  Relatioxs  of  the  Abdominal  Aorta. 

Ih  front. 

Tjesser  omentum  and  stoniaeh. 

Branches  of  the  coelinc  axis  and  solar  plexus. 

Splenic  veia. 

Pancreas, 

Left  remd  vein. 

Transverse  duodenum. 

Mesk-ut  ery, 

Aurtic  plexus. 

'  Sir  Joseph  Li»«ter,  hnvinjr  acciinilely  exnmint^d  34)  bodies  in  order  to  nsoertain  the  exact  point 
of  termination  ofihis  vi^Siiel,  found  it  "either  Hbsolutd>%  or  aluKust  at^Holiitely,  mesiitl  in  15,  whde  in 
13  it  fievlatffl  more  or  le*te  to  I  he  left,  and  In  2  Vfna  siigbtly  to  the  riglit "  iSystrm  of  Surtfcnf^  edited  by 
T.  Holmes,  2d  ed.  voL  V.  p.  tioii). 
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Right  ntde, 
Riljht  eriLs  of  Diaphragm. 
Initrior  vena  cava. 
Vena  azygos  iiii^jor. 
Tlifiracic  duet. 
Right  semilunar  ganglion. 


Abdominiil 


Jjfft  Side. 

Sympathetic  nerve. 
Left  semilunar  ganglion. 


Ikhmd. 
Left  lumlMf  veins. 
Rcceptiunilum  chyli, 
Thi»r:i*'io  duct. 
Yertehral  column. 

Surface  Marking*— In  order  to  map  out  the  abdominal  aorta  on  the  surface  of  the  abdomen, 
a  line  must  be  drawn  fh:)m  the  midtlle  line  of  the  Wdy,  on  a  level  with  the  distal  extremity'  of 
the  seventh  costal  cartiWe,  downward  and  slightly  to  the  left,  so  that  it  just  skirts  the  umbihciis, 
to  a  Kfinc  drawn  r»iun*l  the  body  opposite  the  highest  pc^int  of  the  crest  of  the  ilium.  This 
point  Is  generally  half  an  inch  below  an<l  to  the  left  of  the  umbilicus,  but  as  the  positron  of  this 
structure  varies  with  the  obesity  of  the  individual,  it  k  not  a  reliable  landmark  m  to  the  situation 
ot"  the  hi  fun 'at  ion  of  the  aorta. 

Surgical  Anatomy.— Aninristns  of  the  abdominal  aorta  near  the  coeliac  axis  communicate 
in  nearly  equ;il  |>ropurti*»n  witfi  the  anterior  and  posterior  parts  of  the  art^ty. 

When  an  aneurysmal  sac  is  connected  with  the  back  part  of  the  abdominal  aortii,  it  usually 
produces  absorjition  of  the  bodies  of  the  vertebnx>,  and  forms  a  pul&ating  tumor  that  presents 
it.self  in  the  left,  hypochondriac  or  epigastric  regions,  and  is  aeeompanietl  bv  .symptoms  of  dis- 
turbance  in  the  ahmenUri^  canal  Pain  m  invariably  present,  and  is  usually  of  two  kinds — a 
fixed  and  f^nstant  j)ain  in  the  back^  caused  by  the  tumor  pressing  on  or  dispbicing  the  branches 
of  the  fiolar  plexus  and  splanchnic  nerves ;  and  a  sharp  lancinating  pain^  radiating  along  those 
branches  of  the  lumbar  nerves  which  are  pn^ssed  on  bv  the  tumor;  hence  the  pain  in  the  loins, 
the  testes,  the  hyiiOL'iistnum,  and  in  the  lower  limb  (usiLilly  of  the  left  side).  This  ihuii  oi 
aneurism  usually  bursts  into  the  peritimeal  cavity  or  l»ehind  the  peritoneum  in  the  left  hypo- 
ebrmdrkic  region  ;  or  it  may  form  a  large  aneurisnial  sjic,  extending  down  as  low  as  Poupart's 
ligamctit ;  lia'iMorrhage  in  these  casea  being  generally  very  extensive,  but  slowly  produced^  and 
not  ni]ii<lly  fatal 

When  an  aneurismal  sac  is  nonnested  with  the  front  of  the  aorta  near  the  coeliae  axis,  it 
forms  a  pulsjitini;  tumor  in  the  lell  hypochondriac  or  epigastric  regions,  usually  attended  with 
symptoms  of  disturbance  nf  the  alimentarj"  canal,  as  sickness,  dys[>t'psia,  or  ci^njstipation,  and 
accompanied  by  pain,  which  is  constant,  but  nearly  always  fixed  in  (he  loins,  epigastrium,  or 
some  part  of  the  abdomen  ;  the  radiatinii;  pain  being  rare,  a.s  the  luuibar  nerves  are  seldom 
implicated.  This  lorni  of  aneurism  may  burst  into  the  ijcritoncal  cavity  or  behind  the  i>eritoneum, 
between  the  layers  of  the  mesentery,  or,  more  rarely,  into  the  ducKlcnuni ;  it  rarely  extends  back- 
ward S4»  as  to  aifect  the  spine, 

Tlie  alMlominal  aorta  has  been  tied  several  times,  and  although  none  of  the  patients  perma- 
nently recovered,  still,  as  one  of  them  lived  as  "long  as  ten  days,  the  possibility  of  the  re- 
establishment  of  the  circulation  may  be  considered  to  be  proved.  In  the  lower  animals  this 
artery  hai*  been  often  successfully  tied.  The  vessel  may  be  reached  in  several  ways.  In  the 
original  operation.  ]icrt'onned  by  Sir  A.  Cooper,  an  incision  was  made  in  the  linea  alba^  the 
peritoneum  opened  in  front,  tfie  finger  carricii  down  amongst  the  intestines  toward  the  spine,  the 
peritoneum  ak'ain  opened  behind  by  scratching  through  the  mesentery,  and  the  vessel  thus  reached. 
Or  either  of  the  operatiuns  described  IjcIow  for  securing  the  eoinmon  iliac  arter>'  may,  by  extend- 
ing the  dissection  a  sufficient  distance  upward,  be  made  use  of  to  expo.se  the  aorta.  Ihe  chief 
difficult;'  in  the  dead  subject  consists  in  isolating  the  arten'  in  consequence  of  its  \inHil  depth  ;  but 
in  the  living  subject  the  embarrassment  resulting  from  the  proximity  of  the  ancurisuKd  tumor,  and 
the  great  probabihty  uf  disease  in  the  vessel  itself,  add  to  the  dangers  and  difficulties  of  this  for- 
midable ofieratiou  so  greatly  that  it  is  veiy  doubtful  wbetbcr  it  oiiglit  ever  to  l>e  peHbrmed, 

The  cHjllatcral  circulation  would  l>e  carried  on  by  the  anasl^^mosis  between  the  interna] 
mammary  and  tiierleep  epigastric  ;  by  the  free  conimunicjition  between  the  superior  and  inferior 
mesenteries  if  the  liL^iture  were  placed  above  the  latter  vessel ;  or  by  the  antistomosis  between 
the  inferior  mes«.mteric  and  the  internal  pudic  when  (as  is  nion^  cimimon)  the  pointof  ligature  is 
below  the  origin  of  the  inferior  mesenteric;  and  pcjssibly  by  the  sinastomoses  of  the  lumbar 
arteries  with  the  branches  td"  the  intemtd  iliac. 

The  circulation  throuLdi  the  abdruninal  aorta  may  be  ctmimanded.  in  thin  persons,  by  firm 
pressure  with  the  fingers.  A  toiirniifuct  has  been  invented  for  this  purpose  which  is  sometimee 
Ui*ed  in  amputation  at  the  hip-joini  and  some  other  operations. 


Brakches  of  the  Abdominal  Aorta. 


Phrenic. 
Coeliao  Axis, 


(  Gastric- 
.   ^.  Hepatic. 
(  Splenic. 


Superior  Mesenteric. 

Suprarenal. 

Renal - 

Spermatic  in  male. 


Ovarian  in  female. 
Inferior  Mesenteric. 
Lumbar. 
Sacra  Media. 
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The  branches  may  be  divided  into  two  sets  :  1.  Those  supplying  the  viscera. 
2.  Those  distributed  to  the  walls  of  the  abdomen. 


Vhcera  I  Bra  n  vhcH . 

i  Gastric. 
Cfeliac  Axis.  <^  Hepatic. 

(Splenic, 
Superior  Mesenteric. 
Inferior  MeBenteric. 
Suprarenal. 


Renah 

Spermatic  or  Ovarian. 

Parietal  Branches, 

Phrenic. 

Lumbar, 
Sacia  Media. 


Visceral  Branches  of  the  Abdominal  Aorta. 

The  Ccebac  Axis  (Fig,  368), 

To  expose  tliis  artery  raise  the  liver^  draw  down  the  stomach,  and  then  tear  through  the 
layers  of  tlie  lesstT  omen  tarn. 

The  CcBliac  Axis  is  a  short  thick  trunk,  about  half  an  inch  in  length,  which 
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Cjftiii  artery. 
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9n.  MS.— Tbe  ca>llAcaxis  and  its  braaehes,  the  liver  hnving  been  rabied  aud  the  lesser  om«ntam  removed. 

arises  from  the  aorta  opposite  the  margin  of  the  Diaphragm,  and,  passing  nearly 
horizontally  ft>rward  (in  the  erect  poi^ture),  <livides  into  three  larfje  branches,  the 
gastrtf\  hrpatuu  and  spknie,  occasionally  giving  ofl'  one  of  the  phrenic  arteries. 

Relations. — It  h  covered  by  the  lesser  omentum.  On  the  right  side  it  is  in 
relation  with  the  right  semihmar  ganglion,  and  the  lobus  Spigelii;  on  the  left  sid^;, 
with  the  left  semihmar  ganglion  and  cardiac  end  of  the  stomach*  Belouu  it  rests 
upon  the  upper  border  of  the  pancreas. 


THE  CWLIAC  AXIS. 
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The  Gastric  Artery  {Ooronaria  ventrmdi),  the  smallest  of  the  three  branches 
of  the  cicliac  axis,  pa.sses  upwarfl  and  to  the  left  side,  to  the  cardiac  orifice  of 
the  stomauh,  distributing  branches  to  the  ^esophagus  which  anastoraose  with  the 
aortic  oesophageal  arteries;  others  supply  the  cardiac  end  of  the  stomach,  inoscu- 
lating with  branches  of  the  splenic  artery  ;  it  then  passes  from  left  to  right, 
along  the  lesser  curvature  of  the  stomach  to  the  pylorus,  lying  in  its  course 
between  the  layers  of  the  lesser  omentum,  and  giving  branches  to  both  surfaces 
of  the  organ:  at  its  termination  it  anastomoses  with  the  pyloric  branch  of  the 
hepatic. 

The  Hepatic  Artery  in  the  adult  is  intermediate  in  size  between  the  gastric  and 
splenic;  in  the  f»etus  it  is  the  largest  of  the  three  branches  of  the  coeliac  axis.  It 
is  first  directed  forward  and  to  the  right,  to  the  upper  marf]fin  of  the  pyloric  end 
of  the  stomach,  crossing  under  the  foramen  of  \\  inslow.  It  then  passes  upward 
between  the  layers  of  the  lesser  omentum,  near  the  anterior  margin  of  the  fora- 
men of  Winshiw,  to  the  transverse  fissure  of  the  liver,  where  it  divides  into  two 
branches,  right  and  left,  which  supply  the  corresponding  lobes  of  that  organ, 
accompanying  the  ramifications  of  the  vena  porti©  and  hepatic  duct.  The  hepatic 
artery,  in  its  course  along  the  right  border  of  the  lesser  omentum,  is  in  relation 
with  the  duc^tus  communis  choledochus  and  portal  veins,  the  duct  lying  to  the 
right  of  the  artery  and  the  vena  portie  behind. 

Its  branches  are — the 


Pyloric* 

^,     ^      J      ,       1.       f  Gastro-epiploica  Dextra. 
Gastro-duodenalis    *   -  i  i    .      .       ..    ^ 

Cvstic. 


[  Fancreatico-duodenalis  Superior. 


The  pyloric  branch  arises  from  the  hepatic,  above  the  pylorus,  descends  to  the 

pyloric  end  of  tlie  stomach,  and  passes  from  right  to  left  along  its  lesser  curvature, 
supplying  it  with  branches  and  inosculating  with  the  gastric  artery. 

The  gastro-duodenaMs  (Fig.  369)  is  a  short  hut  large  branch  which  descends, 
near  the  pylorus,  behind  the  first  portion  of  the  duodenum,  at  the  lower  border  of 
which  it  divides  into  two  branches,  the  (fastro-epiploica  dextra  and  the panvreatieo- 
dandenaliM  superior.  Previous  to  its  division  it  gives  oft*  two  or  three  small  inferior 
pyloric  branches  to  the  pyloric  end  of  the  stomach  and  pancr€*as. 

The  gastro-epiploica  dertra  runs  from  right  to  left  along  the  greater  curvature 
of  the  stomach,  between  the  layers  of  the  great  omentum,  anastomosing  about  the 
middle  of  the  lower  border  of  the  stomach  with  the  gastro-epiploica  sinistra  from 
the  splenic  artery.  This  vessel  gives  oft'  numerous  branches,  some  of  which  ascend 
to  supply  both  surfaces  of  the  stomach,  whilst  others  descend  to  supply  the  great 
omentum. 

The  pancreatico-duodenalis  superior  descends  between  the  contiguotis  margins 
of  the  duodetuim  and  pancreas.  It  supplies  both  these  organs,  and  anastomoses 
with  the  inferior  pancreatico-duodenal  branch  of  the  sui>enor  mesenteric  artery 
and  with  the  pancreatic  branches  of  the  splenic. 

The  cystic  artery  {Fig.  MS),  usually  a  branch  of  the  right  hepatic,  passes 
upward  and  fruwaid  along  the  neck  of  the  gall-bladder,  and  divides  into  two 
branches,  one  of  which  ramifies  oo  its  free  surface,  the  other  between  it  and  the 
substance  of  the  liver. 

The  Splenic  Artery,  in  the  adult,  is  the  largest  of  the  three  branches  of  the 
coeliac  axis,  and  is  remarkable  for  the  extreme  tortuosity  of  its  course.  It  passes 
horizontally  to  the  left  side  along  the  uj>per  border  tif  the  pancreas,  accompanied 
by  the  splenic  vein,  which  lies  below  it,  and  on  arriving  near  the  spleen  flivides 
into  branches,  some  oi*  which  enter  the  hilum  of  that  organ  to  be  distributed  to  its 
structure,  whilst  others  are  distributed  to  the  great  end  of  the  stomach.  Its 
branches  are — the 

Pancreaticse  Parvse.  Gastric  (Vasa  Brevia). 

Pancreatica  Magna.  Gastro-epiploica  Sinistra. 


')r  ia  mid  Ita  branches,  the  stomach  having  been  raised  mid  the  transverse  meso-colon 

nc|. 

duodenal  arteries,  derived  frora  the  hepatic  on  the  one  hand  and  superior  mesenteric 
on  the  other* 

The  gastric  (vasa  hrevia)  consists  of  from  five  to  seven  small  branches,  which 
arise  either  from  the  terajiuation  of  the  splenic  artery  or  from  its  terminal  branches, 
and,  pai^sing  fvmn  left  to  riglit,  between  the  layers  of  the  gastro-splenic  omentum, 
are  distrihiited  to  tlie  great  curvatJire  of  the  stomach,  anastomosing  with  bmnches 
of  the  gastric  imd  gfistro-epiph*ica  sinistra  arteries. 

The  gastro-epiploica  smistra,  the  birgest  branch  of  the  splenic,  runs  from  left 
to  right  along  tht*  great  curvature  of  the  stomach,  between  the  layers  of  the  great 
omentum,  and  anastomoses  with  the  gastro-epiploica  dextra.  In  its  course  it 
distributes  several  branches  to  the  stotnach,  which  ascend  upon  both  surfaces ; 
others  descend  to  supply  the  omentum. 


The  Superior  Mesenteric  Artery  (Fig.  370). 

Id  order  to  expcw^e  this  vessel  rtiise  the  izrejit  ouieutiiui  iiud  transverse  colon,  draw  down  th6 
small  intestines,  and  cut  through  the  peritorieimi  where  the  txansverae  tncao-oolon  and  mesen* 
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ter>'  J^^"  -  ^^^  artery  witl  then  be  exposed  just  as  it  issues  frotn  beneath  the  lower  border  of  the 

pancreas. 

The  Superior  Mesenteric  Artery  supplies  the  whole  length  of  the  small  intestine, 
except  the  first  part  of  the  duodenum  ;  it  also  supplies  the  caecum,  ascending 
and  transverse  colon ;  it  is  a  vessel  of  large  size,  arising  from  the  fore  part  of  the 
aorta  about  a  quarter  of  an  inch  below  the  cceliac  axis ;  being  covered  at  its  origin 
by  the  splenic  vein  and  pancrejis.  It  pasnes  forward,  between  the  pancreas  and 
transverse  portion  of  the  duodenum,  crosses  in  front  of  this  portion  of  the  intes* 


rr 


-  — /_ 
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Pro,  870.— The  «lipcrIor  mesetiteric  artery  und  Iti  bmncbei. 


tine,  and  descends  between  the  layers  of  the  mesentery  to  the  right  iliac  fossa, 
where  it  terminates,  eon^siderably  diminished  in  size*  In  its  c^^irse  it  forms  an 
arch,  the  eonvexity  <»f  which  is  directed  forward  and  downwaril  to  the  left  side, 
the  conciivity  backward  sind  upward  to  the  right.  It  is  accompauied  by  the 
superior  mesenteric  vein,  and  is  surrounded  by  a  superior  mesenteric  plexus  of 
nerves.     Its  branches  are^ — the 

Inferior  Pancreatico-diiodenal.  Ileo-colic. 

Vasa  Intestini  Tenuis*  Colica  Dextra. 

Colica  Media, 

The  Inferior  pancreatico-duodeEal  is  given  off  from  the  superior  mesenteric 
behind  the  pancreas,  and  is  distributed  to  the  head  of  the  pancreas  with    the 
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transverse  and   descending  portions  of  the  doodenum,   anastomosing  with   the 
superior  y>ancreati  co-duodena  I  artery. 

The  vaaa  intestmi  tenuis  arise  from  the  convex  side  of  the  superior  mesenteric 
artery.  They  are  usually  from  twelve  to  fifteen  in  number,  and  are  distributed  to  • 
the  jejunum  imd  ileum.  They  run  pariillel  with  one  another  between  the  layers 
of  the  mesentery,  each  vessel  dividing  into  two  branches,  which  unite  with  a  sim- 
ilar branch  on  each  side,  forming  a  series  of  arches  the  convexities  of  which  are 
directed  toward  the  intestine.  From  this  first  set  of  arches  branches  arise, 
which  again  unite  with  similar  branehes  from  either  side,  and  thus  a  second  series 
of  arches  is  formed  ;  and  from  those  latter,  a  third,  and  a  fourth^  or  even  fifth, 
series  of  arches  is  constituted,  diminishing  in  size  the  nearer  they  approach  the 
intestine.  From  the  terminal  arches  numerous  small  straight  vessels  arise  which 
encircle  the  intestine,  upon  which  they  are  distributed,  ramifying  thickly  between 
it43  coats. 

The  ileo-colic  artery  is  the  lowest  branch  given  off  from  the  concavity  of  the 
superior  mesenteric  artery.  It  descends  between  the  layers  of  the  mesentery  to 
the  right  iliac  fossa,  where  it  divides  into  two  branches.  Of  these,  the  inferior 
one  inosculates  with  the  lowest  branches  of  the  vasa  intestini  tenuis,  from  the 
convexity  of  which  branches  proceed  to  supply  the  termination  of  the  ileum,  the 
caecum  and  appendix  ca:ici,  and  the  ileo-cEecal  valve.  The  superior  divisicin  inos- 
culates with  the  colica  dextia  and  supplies  the  commencement  of  the  colon. 

The  colica  dextra  arises  from  about  the  middle  of  the  concavity  of  the  superior 
mesenteric  artery,  and,  passing  heliind  the  peritoneum  to  the  middle  of  the 
ascending  colon,  divides  into  two  branches — a  descending  branch,  which  inoscu- 
lates with  the  ileo-colic ;  and  the  ascending  branch,  which  anastomoses  with  the 
colica  media.  These  branches  firm  arches,  from  the  convexity  of  which  vcsseU 
are  distributed  to  the  ascending  colon.  The  branches  of  this  vessel  are  covered 
with   jieritoneum  only  on  their  anterior  aspect. 

The  colica  media  arises  from  the  upper  part  of  the  concavity  of  the  superior 
mesenteric,  and,  passing  forward  between  the  layers  of  the  transverse  meso-colon, 
divides  into  two  branches,  the  one  cm  the  right  side  inosculating  with  the  colica 
dextra;  thai  on  the  left  side,  with  the  colica  sinistra,  a  branch  of  the  inferior 
mesenteric.  From  the  arches  formed  by  their  inosculation  branches  are  distrib- 
uted to  the  transverse  colon.  The  branches  of  this  vessel  lie  between  two  layers 
of  peritoneum. 

The  Inferior  Mesenteric  Artery  (Fig.  371). 

In  onier  to  exi>n.se  this  vessel  draw  the  small  intent i ties  and  aiesfixtery  over  to  the  nght 
Bide  of  the  aMomciK  raise  the  traiiiii verse  colon  toward  the  thomx,  aad  divide  the  perittnieum 
coveriaL'  the  left  side  of  tbe  iuwUk. 

The  Inferior  Mesenteric  Artery  supplies  the  descending  and  sigmoid  flexure  of 
the  colon  and  the  greater  part  of  the  rectum.  It  is  smaller  than  the  sujierior 
mesenteric,  and  arises  from  the  left  side  of  the  aorta,  between  one  and  two 
inches  above  its  division  into  the  common  iliacs.  It  passes  downward  to  the  left 
iliac  fossa,  and  then  descends,  between  the  layers  of  tlie  meso-rectum,  into  the 
pelvis,  under  the  name  of  the  superior  hemorrhoidal  artery.  It  lies  at  first  in  close 
relation  with  the  left  side  of  the  aorta,  and  then  passes  as  the  superior  hjcmor- 
rhoidal  in  front  of  the  left  common  iliac  artery.     Its  branches  are — the 

Colica  Sinistra.  Sigmoid. 

Superior  Ilsemorrhoidal. 

The  colica  sinistra  passes  behintl  the  peritoneum,  in  front  of  the  left  kidney, 
to  reach  the  <lcsccn<ling  colon,  and  divides  into  two  hninches — an  ascending 
branch,  which  indsculatcs  with  the  colica  media:  and  a  descending  branch,  which 
anastomoses  with  the  sigmoid  artery.  Fmm  the  arches  formed  by  these  inoscu- 
lations branches  are  distributed  to  the  descending  colon. 

The  sigmoid  artery  runs  obliquely  downward  across  the  Psoas  muscle  to  the 
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sigmoid  flexure  of  the  colon,  and  divides  into  brandies  which  supply  that  part  of 
the  iiiteHtine,  anastomosing  above  with  the  colica  sinistra,  and  below  with  the 
superior  hjieraorrhoidal  artery.  This  vessel  is  sometimes  replaced  by  three  or  four 
small  branches. 

The  superior  haemorrhoidal  artery,  the  continuation  of  the  inferior  mesenteric, 
descends  into  the  pelvis  between  the  layers  of  the  meso-rectum,  crossing,  in  its 
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Fig.  STl.—The  inrerlor  mesenteric  And  its  branehes. 

eoUKa^  tlie  ureter  and  left  common  iliac  vessels.  It  divides  into  two  branches^ 
which  deacend  one  on  each  side  of  the  rectum,  and  about  five  inches  from  the  anus 
break  up  into  several  small  branches,  which  are  distributed  between  the  mucous 
and  muscular  coats  uf  that  tube,  nearly  us  far  as  its  lower  end,  anastomosing 
with  each  other,  with  the  middle  lr!i?morrhuidal  arteries,  branches  of  the  internal 
iliac,  and  with  the  inferior  hiEmorrhoidal  branches  of  the  internal  pudic. 


The  Suprarenal  Arteries. 

The  suprarenal  arteries  (Fi;j:-  ^^^yl)  (middk  HftprarenaJ)  tive  two  small  vesseli 
which  iirise,  one  on  each  side  of  the  aorta,  opposite  the  superior  mesenteric  artery. 
They  pass  ob!i([uely  upward  and  outward,  over  the  crura  of  the  Diaphragm,  to 
the  under  surface  of  the  suprarenal  capsules,  to  wiiich  they  are  distributed,  anasto- 
mosing with  csipsuhir  branches  from  the  phrenic  and  renal  arteries.  In  the  adult 
these  arteries  are  of  small  size  ;  in  the  fcjetus  they  are  as  large  lis  the  renal  arteries. 


614  THE  ARTERIES, 

transverse  and  descending  portions  of  the  diiodennin,  anastomosing  witli  the 
superior  pancreatico'duodenal  artery. 

The  vasa  inteatim  teniiis  arise  from  the  convex  side  of  the  superior  mesenteric 
artery.  They  are  usinilly  from  twelve  to  fifteen  in  number,  and  are  distributed  to 
the  jejunum  and  ileum.  They  run  parallel  with  one  another  hetween  the  layers 
of  the  mesentery,  each  vessel  dividing  into  two  branches,  which  unite  with  a  sim- 
ilar branch  on  each  side,  forming  a  series  of  arches  the  eon  vex  i  ties  of  which  are 
directed  toward  the  intestine.  From  this  first  set  of  arches  branches  arise, 
which  again  unite  with  similar  branches  from  either  side,  and  thus  a  sec<md  series 
of  arches  is  formed ;  and  from  these  latter,  a  third,  and  a  fourth,  or  even  fifth, 
series  of  arches  is  constituted,  diminishing  in  size  the  nearer  they  approach  the 
intestine.  From  the  terminal  arches  numeroos  small  straight  vessels  arise  which 
encircle  the  intestine,  upon  which  they  are  distributed,  ramifying  thickly  hetween 
its  coats. 

The  ileo-colic  artery  is  the  lowest  branch  given  off  from  the  concavity  of  the 
superior  mesenteric  artery.  It  descemls  hetween  the  layers  of  the  mesentery  to 
the  right  iliac  fossa,  where  it  divides  into  two  branches.  Of  these,  the  inferior 
one  inosculates  with  the  lowest  branches  of  the  vasa  intestini  tennis,  from  the 
convexity  of  which  branches  proceed  to  supply  the  termination  of  the  ileum,  the 
caecum  and  appendix  caeci*  and  the  ileo-ciecal  valve.  The  superior  division  inos- 
culates with  the  colica  dextra  and  supplies  the  eommeneement  of  the  colon. 

The  colica  dextra  arises  from  about  the  middle  of  the  concavity  of  the  superior 
mesenteric  artery,  and,  passing  behind  the  peritoneum  to  the  mi<ldle  of  the 
ascending  colon,  divider  into  two  branches — a  descending  branch,  which  inoscu- 
lates with  the  ileo-colic;  and  the  ascending  branch,  Avhich  anastomoses  with  the 
colica  media.  These  branches  form  arches,  from  the  convexity  of  which  ves.sels 
are  distributed  to  the  ascending  colon.  The  branches  of  this  vessel  are  covered 
with   ]>critoneiim  only  on  their  anterior  aspect. 

The  colica  media  arises  from  the  iip|>er  part  of  the  concavity  of  the  superior 
mesenteric,  and,  piissing  ff>rward  hetween  the  layers  of  the  transverse  meso-colon, 
divides  into  two  branches,  the  one  on  the  right  side  inosculating  with  the  colica 
dextra;  that  on  the  left  side,  with  the  colica  sinistra,  a  branch  of  the  inferior 
mesenteric.  From  the  arches  formed  by  their  inosculation  branches  are  distrib- 
uted to  the  transverse  colon.  The  branches  of  this  %'essel  lie  between  two  layera 
of  peritoneum. 

The  Inferior  Mesenteric  Artery  (Fig.  371). 

Tn  order  to  exiwse  this  vessel  draw  the  small  inicstiue^s  and  nieseatcry  over  to  the  rjpht 
iide  of  the  abdomeu,  raiAe  the  tr.iUMverse  colon  toward  the  thorax,  aad  divide  the  peritoDeuni 
covering':  the  Wft  side  of  the  aorta. 

The  Inferior  Mesenteric  Artery  supplies  the  descending  and  sigmoid  flexure  of 
the  colon  and  the  greater  part  of  the  rectum.  It  is  smaller  than  the  sujjerior 
mesenteric,  and  arises  from  the  left  side  of  the  aorta,  between  one  and  two 
inches  abo\*e  its  division  into  the  common  iliacs.  It  passes  downward  to  the  left 
iliac  fossa,  and  then  descends,  between  the  layers  of  the  nieso- rectum,  into  the 
pelvis,  under  the  name  of  the  superior  ha^jfiorrftrndal  artery/.  It  lies  at  first  in  close 
relation  with  the  left  side  of  the  aorta,  and  then  passes  as  the  superior  hiemor- 
rhoidal  in  front  of  the  left  common  iliac  artery.     Its  branches  are— the 

Colica  Sinistra.  Sigmoid, 

Superior  Iliemorrhoidal, 

The  colica  sinistra  passes  behind  the  peritoneum,  in  front  of  the  left  kidney, 
to  reach  the  descending  colon,  and  divides  into  two  brancbes — an  ascending 
branch,  which  inosculates  with  the  colica  media;  and  a  descending  branch,  which 
anastomoses  with  the  sigmoid  artery.  From  the  arches  formed  by  these  inoscu- 
lations brjinehes  are  distributed  to  the  descending  colon. 

The  sigmoid  artery  runs  obliquely  downward  across  the  Psoas  muscle  to  the 
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sigmoid  flexure  of  the  colon,  and  divides  into  branches  which  supply  that  part  of 
the  intestine,  anastomosing  above  with  the  colica  sinistra,  and  below  with  the 
superior  hi^morrhoidiil  artery.  Thit?  vessel  is  st»me times  replaced  by  three  or  four 
gmall  branches. 

The  superior  hBemorrhoidal  artery,  the  continuation  of  the  inferior  mesenteric, 
descends  into  the  pelvia  between  the  layers  of  the  meso-rectum»  crossing,  in  its 
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course,  the  ureter  and  left  common  iliac  vessels*  It  divides  into  two  bninchea, 
which  descend  one  on  each  mde  of  the  rectum,  and  about  five  inches  from  the  anus 
break  up  into  several  small  branches,  which  are  distributed  between  the  mucous 
and  muscular  coats  of  that  tube,  nearly  as  far  as  its  lower  end,  anastomosing 
with  each  other,  with  the  middle  hiemorrhoidul  arteries^  branches  of  the  internal 
iliac,  and  wdth  the  inferior  htemorrhoidal  branches  of  the  internal  pudic. 

The  Suprarenal  Arteries. 

The  suprarenal  arteries  (Fig.  Wl){mlildle  stiprare}taI)fiTe  two  small  vessels 
which  ari^e,  one  on  each  side  of  the  aorta,  opposite  the  superior  mesenteric  artery* 
They  pass  obli finely  upward  and  outward,  over  the  crura  of  the  Diaphragm,  to 
the  under  surface  of  the  suprarenal  capsules,  to  which  tbey  are  distributed,  anasto- 
mosing with  cap^iibir  branches  from  the  phrenic  and  renal  arteries.  In  the  adult 
these  arteries  are  of  small  size  ;  in  the  fcetus  they  are  as  large  as  the  renal  arteries. 
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The  Renal  Arteries. 

Tbe  renal  arteries  are  two  large  trunks  which  arise  from  the  sidea  of  the 
aortsi  immediately  below  the  superior  mesenteric  artery.  Eaeh  is  direeteil 
outward  across  the  cms  of  the  Diaphjnigni,  so  a»  to  form  nearly  a  right  angle 
with  the  aorta.  The  right  is  longer  than  the  left,  on  account  of  the  [josition  of 
the  aorta;  it  jrasses  behind  the  inferior  vena  cava.  The  left  is  somewhat  higher 
than  the  right.  Previoug^Iy  to  entering  the  kidney  eaeh  artei^y  divides  into  four 
or  fi\'f^  branches  whieli  are  distribtited  to  its  substance.  At  the  bihim  these 
branches  lie  between  the  renal  vein  and  ureter,  the  vein  being  usually  in  front,  the 
ureter  behind.  Each  vessel  gives  off  some  small  branches  (hiferior  suprarenal)  to 
the  suprarenal  capsule,  the  ureter,  and  the  surrounding  cellular  tissue  and  muscles. 
Fretjuently  there  is  a  second  renal  artery,  which  is  given  off  from  the  abdominal 
aorta  at  a  lower  level  and  supplies  the  lower  portion  of  the  kidney.  It  is  termed 
the  inferior  renal  artery. 

The  Spermatic  Arteries. 

The  spermatic  arteries  are  distributed  to  the  testes  in  the  male  and  to  the 
ovaria  in  the  female.  They  are  two  slender  vessels*  of  considerable  length,  which 
arise  from  the  front  of  the  aorta  a  little  below  the  renal  arteries.  Each  artery 
passes  obliijuely  otitward  and  downward  behind  the  fieri toncum,  resting  on  the 
Psoas  muscle,  ihe  right  spernnitic  lying  in  front  of  the  inferior  vena  cava,  the  left 
behind  the  sigmoid  tlexure  of  the  coh>n.  It  then  crosses  obi iijuely  over  the  ureter 
and  the  lower  part  of  the  external  iliac  artery  to  reach  the  internul  abdominal 
ring,  through  which  it  passes,  and  accompanies  the  other  constituents  of  the 
,  Bpermatie  cord  along  the  inguinal  canal  to  the  scrotum,  where  it  becomes  tortuous, 
and  divides  into  several  branches,  two  or  three  of  which  accompany  the  vas 
deferens  and  supply  the  epididymis,  anastomosing  with  the  artery  of  the  vas 
deferens  ;  others  pierce  the  back  part  i4  the  tunica  albiiginea,  and  supply  the 
substance  of  the  testis. 

The  Ovarian  Arteries. 

The  ovarian  arteries  are  shtvrter  than  the  spermatic,  and  do  not  pass  out  of 
the  abdominal  cavity.  The  origin  and  crnirse  of  the  Brst  part  of  the  artery  are  the 
same  as  the  s[>ermatic  in  the  male,  but  on  arriving  at  the  nmrgin  of  rhe  pelvis  the 
ovarian  artery  passes  inward,  between  the  two  laminje  of  the  broad  ligament  of 
the  uterus,  to  be  distributed  to  the  ovary.  One  or  two  small  branches  supply  the 
Fallopian  tube ;  another  passes  on  to  the  side  of  the  uterus  antl  anastomoses  with 
the  uterine  arteries.  Other  offsets  are  conlinned  along  the  round  ligament, 
through  the  inguimil  canal,  to  the  integunient   of  the  labium  and  gr4)in. 

At  an  early  period  of  fretal  lite,  when  the  testes  or  ovaries  he  by  the  side  of  the 
spine  bebjw  the  kidneys,  the  spermatic  or  ovarian  arteries  are  short ;  hut  as  these 
organs  descend  from  the  abdotnen  into  the  scrotum  the  arteries  become  gradually 
lengthened. 

Parietal  Branches  of  the  Abdominal  Aorta* 
The  Phrenic  Arteries. 

The  phrenic  arteries  are  two  small  vessels  which  present  much  variety  in 
their  origin.  They  may  arise  separately  from  tlie  front  of  the  aorta,  immediately 
above  the  citdiac  axis,  or  by  a  common  trunk,  which  may  spring  either  from  the 
aorta  or  from  the  c«i?liac  axis.  Sometimes  one  is  derived  from  the  aorta,  and  the 
other  from  one  of  the  renal  arteries.  In  only  one  out  of  thirty-six  cases  examined 
did  these  arteries  arise  as  two  separate  vessels  from  the  aorta.  They  diverge  from 
one  another  across  the  crura  of  the  Diafdiragm,  and  then  pass  obliquely  upward 
and  outward  upon  its  under  surface.  The  left  phrenic  ]msses  behind  the  oesoph- 
agus and  runs  forwanl  on  the  left  side  of  the  ics^jphageal  opening.  The  right 
phrenic  passes  behind  the  inferior  vena  cava,  and  a.scends  along  the  right  side  of 
the  aperture  for  transmitting  that  vein.  Near  the  back  part  <*f  the  central  tendon 
each  vessel  divides  into  two  branches.  The  internal  branch  runs  ftirward  to  the 
front  of  the  thorax,  supplying  the  Diajjhragm  and  anastomosing  with  its  fellow  of 
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tbd  opp^ite  side,  and  with  the  musculo-phrenic  and  comes  nervi  phrenici,  brancheg 

nf  the  internal  mammarv.  The  external  branch  passes  toward  the  side  of  the 
thorax  and  inosculates  with  the  intercostal  arteries.  The  internal  branch  of  the 
right  phrenic  gives  oft'  a  few  vessels  to  the  inferior  vena  cava,  and  the  left  on© 
some  branches  to  the  oesophagus.  Each  vessel  also  sends  capsular  branches 
{superior  suprarenal)  to  the  suprarenal  capsule  of  its  own  side.  The  spleen  on  the 
left  side  and  the  liver  on  the  right  also  receive  a  few  branches  from  these  vessels. 

The  Lumbar  Arteries. 

The  lumbar  arteries  are  analuguns  to  tlie  intercostal.  They  are  usually  four 
in  number  on  each  side,  and  arise  from  the  back  part  of  the  aorta,  nearly  at  right 
angles  with  that  vessel.  They  pass  outward  and  backward,  around  the  sides  of 
the  body  of  the  lumbar  vertebra,  behind  the  sympathetic  nerve  and  the  Psoas 
magnus  muscle,  those  otj  the  right  side  being  covered  by  the  inferior  vena  cava, 
ami  the  two  upper  ones  on  each  side  by  the  crura  of  the  Diaphragm,  In  the 
interval  between  the  transverse  jjrocesses  of  the  vertebrae  each  artery  divides  into 
a  dorsal  and  an  dhdominal  branch. 

The  dorsal  branch  gives  off,  immediately  after  its  origin,  a  spinal  branch,  which 
enters  the  spinal  canal;  it  then  continues  its  course  backward  between  the  trans- 
verse processes,  and  is  distributed  to  the  muscles  and  integument  of  the  back, 
anastomosing  with  the  similar  branches  of  the  adjacent  lutnbar  arteries  and  with 
the  posterior  brunches  of  the  intercostal  arteries. 

The  spinal  brancli  enters  the  spinal  canal  through  the  intervertebral  foramen, 
to  be  distributed  to  the  spinal  cord  and  its  membranes  and  to  the  bodies  of  the 
vertebn^  in  the  same  manner  as  the  lateral  sjiinal  branches  from  the  vertebral 
igee  page  582). 

The  abdominal  branches  pass  outward,  having  a  variable  relation  to  the 
Quadrutus  lumborum  muscle.  Most  fre*|ucntly  the  first  branch  passes  in  front 
of  the  muscle  and  the  others  behind  it ;  sometimes  the  order  is  reversed  and  the 
lowest  branch  passes  in  front  of  the  muscle.  At  the  outer  border  of  the  Quadratus 
they  are  continued  between  the  abdominal  muscles,  anastomose  with  branches  of 
the  ejjigastric  and  internal  mammary  in  front,  the  intercostals  ahove^  and  those  of 
the  ilio-lumbar  and  circumflex  iliac  below. 

The  Sacra  Media. 

The  Middle  Sacral  Artery  is  a  small  vessel  about  the  size  of  a  crow*f|uill, 
which  arises  froui  the  back  part  of  the  acirta  just  at  its  bifurcation.  It  descends 
upon  the  last  lumbar  vertebra,  and  along  the  middle  line  of  the  front  of  the 
sacrum,  to  the  upper  part  of  the  coccyx,  where  it  anastomoses  with  the  lateral 
sacral  arteries,  and  terminates  in  a  minute  branch,  which  runs  down  to  the  situation 
of  the  body  presently  to  be  described  as  *' Lusclika's  gland,"  From  it  branches 
arise  which  run  through  the  meso-rectum  to  supply  the  posterior  surface  of  the  rec- 
tum, Other  branches  are  given  off  nn  each  side,  which  anastoTUOse  with  the  lateral 
sacral  arteries,  and  send  off  smull  offsets  which  enter  the  anterior  sacral  foramina. 

The  artery  is  the  representative  of  the  caudal  prolongatir>n  of  the  aorta  of 
animals,  atid  its  lateral  brandies  correspond  to  the  intercostal  and  lumbar  arteries 
in  the  dor?*al  and  lumbar  regions. 

Coccygeal  Gland,  or  Luschka*8  Gland, ^ — Lying  near  the  tip  of  the  coccyx  in  a 
small  tendinous  iuterval  formed  by  the  union  of  the  Levator  ani  muscles  of  each 
iide,  and  just  above  the  coccygeal  attachment  of  the  Sphincter  ani,  h  a  Bmall 
c^nglobate  body  about  a^  large  us  a  lentil  or  a  pea,  first  described  by  Luschka,^ 
and  named  by  him  the  coccygeal  gland.  Its  most  obvious  connections  are  with  the 
arteries  of  the  part. 

Structure. — ^It  consists  of  a  congeries  of  small  arteries  with  little  aneurismal 
dilatations  derived  from   the   middle  sacral  aiol  fi^eely  communicating  with  each 

*  ZM'  Ilimnnhanff  urui  die  SleiismlritBt:  des  Merachen^  Bcrliuj  186U ;  Anaiomie  deg  Menathen^  Tiibingi-u^ 
1884,voKu.  pt.  2,  p;i87. 
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other.  These  vessels  are  enclosed  in  one  or  more  layers  of  polyhedral  granular  cells, 
and  the  whole  structure  i.s  invested  in  a  capsule  of  connective  tissue  which  sends 
in  trabeculte,  dividing  the  interior  into  a  number  of  spaces  in  which  the  vessels 
and  cells  arc  contained.  Nerves  ]ifi,ss  into  this  little  body  from  the  sympathetic, 
but  their  mode  of  termintition  is  nnknown*  Macalister  believes  the  gh^mernlus  of 
vessels  ^'  consists  of  the  condensed  and  convoluted  metameric  dorsal  arteries  of  the 
caudal  segments  imbedded  in  tissue  which  is  possibly  a  small  persisting  fragment 
of  the  neurenteric  canal/* 

THS  COMMON  ILIAC  AUTEEIES. 

The  abdominal  aorta  divides  into  the  tw^o  common  iliac  arteries.  The  bifurca- 
tion  usimlly  takes  place  on  the  left  side  of  the  body  of  the  fourtli  lumbar  vertebra. 
This  |Hiint  corresponds  to  the  left  side  of  the  umbilicus^  and  is  on  a  level  with  a 
line  drawn  from  the  highest  [juint  of  one  iliac  crest  to  the  other.  Hie  common 
iliac  arteries  are  about  two  inches  in  length:  diverging  from  the  termination  of 
the  aorta,  they  pass  downward  and  outward  to  the  margin  of  the  pelvis,  and 
divide  opposite  the  intervertebral  substance,  between  the  last  lumbar  vertebra 
and  the  sacrum  into  two  branches,  the  external  and  internal  iliac  arteries,  the 
former  supplying  the  lower  extremity  ;  the  latter,  the  viscera  and  parietes  of  the 
pelvis. 

The  right  common  iliac  is  somewhat  larger  than  the  left,  and  passes  more  ob- 
liquely across  the  body  of  the  last  lumbar  vertebra.  In  front  of  it  are  the  perito- 
neum, the  small  intestine,  branches  of  the  sympathetic  nerve,  and,  at  its  point  of 
division,  the  ureter.  Behind^  it  is  separated  from  tlie  last  two  lumhar  vertebra?  by 
the  two  common  iliac  veins.  On  its  outer  sidf\li  h  in  relation  with  the  inferior  vena 
cava  and  the  rigl^t  euiumon  iliac  vein  above,  and  the  Psoas  magnus  muscle  below. 

The  left  common  iliac  is  in  relation,  in  front,  w  ith  the  peritoneum,  the  small  in- 
testine, branches  of  the  sympathetic  nerve,  and  the  superior  hicmorrhoidal  artery, 
and  is  crossed  at  its  point  of  bifurcation  by  the  ureter.  The  left  common  iliac  vein 
lies  partly  on  the  inner  side  and  partly  beneath  the  artery ;  on  its  outer  side  the 
artery  is  in  relation  with  the  Psoas  magnus  muscle* 

Plan  of  the  Relations  of  the  Common  Iliao  Arteries. 
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BraEches.— The  common  iliac  arteries  give  off  small  branches  to  the  peritoneum 
Psiias  matnius,  ureter.H,  and  the  surnuinding  cellular  tissue,  and  occasionally  give 
origin  to  the  ilii^-lumbar  or  renal  arteries. 

Peculiarities. — 'W^  pmnt  of  onr/in  varies  accortlin^  to  the  bifurcation  of  the  aorta.  In 
ihree-ienrtbs  *»f  a  lartre  nunther  of  eases  the  aorta  bifurcated  either  upmi  the  fourth  hmibsir 
vertebra  ur  upon  the  intervertebral  disk  between  it  and  the  fiftli,  the  b^finriition  heinjir,  in  ene 
ea.se  out  of  nine  Im-Iow,  and  in  mii*'  <>ut  of  eleven  above,  this  point.  In  ten  ont  of  every  tbirteen 
csises  tiie  voshI  bifurotiled  witbin  half  an  inch  above  or  below  the  level  of  the  crest  of  die  iliuui 
more  fTe^^|n^'ntly  below  thtoi  idjove. 

The  point  of  division  is  sutijet^t  to  trreat  variety.  Tn  twr>-thir(bs  of  a  larire  number  of  eases 
it  was  Ixjtween  the  IiLst   iundnir  vertebra  and  the  upper  border  of  the  sacrum  bcinc  above  that 
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point  in  one  case  out  of  eight ;  and  below  it  in  one  case  out  of  six.  The  left  common  iliac 
arten^  divides  lower  down  more  frequently  than  the  rii^ht. 

The  rdatwe  hngth^  alw).  of  the  two  eoniiiiou  iliuo  arteries  varies.  The  right  comraou  iliac 
was  the  longer  in  Kixty-three  eaj!ies,  tlie  left  in  fitly-two,  whilst  they  were  huth  eqaa!  in  fifty- 
three.  The  lenjLith  nf  the  arteries  varied  in  fire-sevenths  of  the  reuses  examined  from  an  ineh 
and  a  half  to  three  inche^s ;  in  ahout  half  of  the  remaining  cases  the  artery  wa^  longer  and  in 
the  other  half  shorter,  the  miniTniim  length  being  les*  than  half  an  inch,  the  n»axin*uni  Jbui 
and  a  half  inehen.  In  two  instanees  the  right  eominon  iHac  has  been  tbund  wanting,  the 
external  iind  intirnal  iliaes  Eirising  dircetly  from  the  aorta. 

Surface  Markiitg.— IVaw  a  zone  ronnd  the  body  opposite  the  highest  part  of  the  crest 
of  the  ilium  ;  in  this  line  take  a  point  half  an  inch  io  tlie  left  of  the  middle  line.     From  this 


V^^-. 


'i^i,  ^ 


fUto-iumbar, 


vJ.*' 
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'^^- 
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Fig.  372.— Art<»rie«  of  the  pelrii. 

draw  two  lines  to  points  midway  hetween  the  anterior  (superior  spines  of  the  ilium  and  the 
S5Tnphysis  pubis.  These  two  diverL'ing  lines  will  represent  the  course  of  the  common  and 
external  iliat*  arteries.  Draw  a  sewnd  zone  round  the  IxkIv  eorres^mding  to  the  level  of  the 
anterior  superior  spines  of  the  ilium  :  the  portion  of  the  diverging  hues  between  the  two  zones 
will  represent  the  eonrse  of  theeotnraon  iliac  arterj';  the  portion  below  the  lower  zone,  that  of 
the  external  iliae  tirter>\ 

Surgical  AJiatomy.— The  application  of  a  ligature  to  the  common  iliae  arterj^  mav  be 
re/piired  on  aervtunt  of  aneurism  or  hf^raorrhage  im|ilk'ating  the  e.itternal  or  internal  iliaes. 
The  arter>'  may  Ije  tiefl  by  one  or  two  incisions  :  K  ati  anterior  or  iliiie  incision,  by  whif-h  the  vessel 
is  approached  more  directly  from  the  front :  and  2,  a  posterior  ahilominal  or  lumbar  incision,  by 
whicfi  the  vesstd  is  reached  frmn  behind.  If  tlie  surgeon  .select  the  iliac  region,  a  curved  incis- 
ion, fn>m  five  to  eight  inelies  in  length  according  to  the  amount  id'  tat,  is  made,  commencing  just 
outsiile  the  middle  of  P<iu  part's  hgament  and  a  tinger  s  lm''achh  above  it,  and  carried  nut  ward 
toward  the  anterior  superior  iliac  spine*  then  upward  toward  the  ribs,  and  finally  curving  inward 
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towani  thti  umbilicu*.  The  abdominal  DMis<'les  mid  transversalis  fascia  are  divided,  and  tho  pcri- 
toneutn  raised  upwanl  and  inward  until  the  Psoas  is  readied.  The  artery  will  be  found  on  the 
inner  side  of  thij*  innsele,  and  is  to  he  eieiired  with  a  director,  espeeiul  eare  being  tAken  ou  the  right 
sidcT  a8  here  the  eomiuon  ihae  veins  lie  Indiind  the  artery.  The  aueiuisNi  needle  is  Uv  be  passed 
trom  within  uutward.  But  if  the  aneurisnial  tumor  should  extend  high  up  in  the  abdomen,  idoiig 
the  external  iliact  it  is  better  to  select  the  posterior  or  lumbar,  by  making  an  incission  piu-tly  in 
the  abdomen,  partly  in  the  loin.  The  incision  is  eoiiiinentTd  at  tlie  unterior  extremity  of  the 
last  rib,  proeeediriir  directly  dowuwanJ  to  the  ilium;  it  is  then  curved  forward  alon;^  the  crest  of 
the  ilium  and  a  little  above  it  to  the  anterior  superior  s[)iue  of  that  boue.  I'he  abdominai  mus- 
cles having  been  cjintiously  divided  iti  succession,  the  triuisvcrsahs  fuscia  must  be  carefully  ctit 
through,  and  the  peritonetuu,  together  with  the  ureter,  separated  from  the  iirlery  and  puslied 
aside  ;  the  saero-iliao  articulation  mttnt  then  he  felt  for,  and  upon  it  the  vess^el  will  fjc  felt  pulsat- 
ing ^  ftTid  may  lie  fully  e>t posed  in  close  connection  with  it«  aceompanying  vein.  On  the  right 
side  boiii  common  iliac  veins,  as  well  the  inferior  vena  cava,  are  in  close  connection  with  the 
arter>%  and  must  be  carefully  avoided.  On  the  letl  side  the  vein  usually  lies  on  the  inner  side 
ftTjd  behind  the  artery  ;  but  it  occastonally  happens  that  the  two  common  ihac  veins  are  joined  on 
the  lcf\  instead  f»f  the  right  side,  winch  would  add  much  to  the  difficulty  of  an  operation  in  such 
a  ease.  The  common  iliac  artery  may  be  so  short  that  danger  may  Ik;  a  pj  ire  bended  from  second- 
ary haeniorrbage  if  a  ligature  is  applied  t^  it.  It  would  be  preferable,  in  such  a  case*  to  tie  both 
the  external  ami  intcrmd  iliacs  near  their  origin. 

Collateral  Circulation. — ^Tlie  principal  amenta  in  carrying  on  the  collateral  circulation  after 
the  application  of  a  ligature  to  the  c<:mimon  iliac  are — tlie  anastomoses  of  the  ha?iuorrhoidal 
branches  of  the  internal  iliac  with  the  superior  hicmonlioidai  from  the  inferior  mesenteric ;  the 
anastomoses  of  the  uterine  and  ovarian  arteries  and  of  tlie  vesical  arteries  of  opposite  sides;  of 
the  lateral  sacral  with  the  middle  sacral  artery  ;  of  the  epigastric  with  the  internal  maninirtr}% 
inferior  intercostal  and  lumbar  arteries;  of  the  cireumUcx  iliac  with  the  lumbar  arteries  ;  of  tlie 
ilio-luml>ar  with  the  last  lumbar  arter>' ;  of  the  obturator  artery,  by  uieans  of  its  pubic  branch « 
with  the  vessel  of  the  ommsite  side  and  with  the  deep  epigastric, 

CompressioE  of  the  CommoE  Iliac  Arteries,— ^The  comnjon  iliac  arteries  are  most  effi- 
ciently compressed  by  Davy's  lever.  The  instrument  consists  of  a  gum-elastic  tube  about  two 
feet  long,  in  which  fit4§  a  round  wooden  "lever  '  considerably  longer  than  the  tube.  A  small 
quantitj,^  of  olive  oil  having  Ijeen  ir^jectel  into  the  rectum,  the  gum-elastic  tube,  sijflened  in  hot 
water,  is  passed  into  the  bowel  sufficiently  far  to  i^cnnit  its  pressing  upon  the  common  iliac  artery 
a^  it  lies  in  the  groove  between  the  last  lumbar  vert ebni  and  tlie  Psoas  nniscle.  Tlie  wtajden 
lever  is  then  inserted  into  the  tube,  and  the  projcctins:  end  carried  ttjvvard  tlie  opposite  thigh 
and  raised,  when  it  acts  as  a  lever  of  the  first  order,  the  anus  being  the  fidcrutn.  In  case^ 
where  the  raeso-rectum  is  abnormally  short  it  may  be  impossible,  without  unjustifiable  force^  to 
compress  the  art^jry  on  the  right  side. 

Internal  Iliac  Artery  (Fig.  372). 

The  internal  iliac  urtery  supplies  the  walls  and  viscera  of  the  jjelvis,  the  gen- 
erative organs,  and  inner  side  of  the  thigh.  It  is  a  shorty  thick  vessel,  smaller 
in  the  adult  thni»  the  external  iliac,  and  about  an  inch  and  a  half  in  length.  It 
arises  at  the  fioint  of  bifurcation  of  the  com  in  on  iliac,  and.  passing  downward  to 
the  upper  margin  of  the  great  saero-sciatle  foramen,  divides  into  two  large  trunks, 
an  anterior  and  paste rior  ;  from  its  point  of  bifurcatir*n  a  partially  obliterated  cord, 
the  fii/potjastric  artery,  extends  forward  to  the  bladder. 

Relations, — In  fronts  with  the  ureter,  which  separates  it  from  the  peritoneum. 
Behind,  with  the  internal  iliac  vein,  the  lumbo-sacral  nerve,  and  Pvriformis  mus- 
cle.    By  its  outer  side,  near  its  origin,  with  the  Psoas  magnus  muscle* 

Plax  of  the  Relations  of  the  Ixternal  Iliac  Artery. 

In  front. 
Peritooeum. 


Ureter, 


OiUer  side. 
fiOAS  mn^us. 


Inner  mie. 
Internal  iliac  ve 
Pcritoiieutu. 


Behimh 
External  ihac  vein  (above). 
Itucrnal  ilirtc  vem. 
LuiulH>.*siicral  nerve. 
fcSacrum. 
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In  tlie  foBtiii  the  internal  iliac  artery  {hi^pogastrie)  is  twice  as  large  as  the 
external  iliac,  and  appears  to  be  the  continuation  of  the  eommon  iliac.  Instead 
of  dipping  into  the  pel  via,  it  paj?ses  forward  to  the  bladder,  and  ascends  along 
the  sides  of  that  viscus  t^^  its  summit,  to  which  it  gives  branches ;  it  then  passes 
upward  along  the  back  part  of  the  anterior  wall  of  the  abdomen  to  the  ymbilicus, 
converging  toward  its  fellow  of  the  opposite  side.  Having  passed  through  the 
umbilical  opening,  the  two  arteries  twine  round  the  umbilical  vein,  forming  with 
it  the  umbilical  cord,  and  ultimately  ramify  in  the  |dacenta.  The  portion  of  the 
vessel  within  tlie  abdomen  is  called  the  hypogastric  artery^  and  that  external  to 
that  cavity,  the  umbilieaf  artery. 

At  birth,  when  the  plaeental  circulation  ceases,  the  upper  portion  of  the 
hypogastric  artery,  extending  from  the  summit  of  the  bladder  to  the  umbilicus, 
contract s»  and  ultimately  dwindles  to  a  solid  fibrous  cord ;  but  the  lower  portion, 
extending  from  its  origin  (in  what  is  now  the  internal  iliac  artery)  for  about  an 
inch  and  a  half  to  the  wall  of  the  bladder,  and  thence  to  the  summit  of  that  organ, 
is  not  totally  impervious,  though  it  becomes  considerably  reduced  in  size,  and 
serves  to  convey  blood  to  the  bladder  under  the  name  of  the  superior  vesicai 
artery. 

PecuUaritieB  as  regards  Length. — In  two-thirds  of  a  kr^e  number  of  ea&es  the  len^^th  of 
the  internal  iliati  varied  hetweuri  an  inch  imd  an  inch  and  a  half;  in  the  remaining  third  it 
was  more  frequently  longer  than  shorter,  the  maximum  length  being  three  inches,  the  minimum 
half  ati  inch. 

The  lenjfrths  of  the  cummon  and  internal  iliac  arteries  hear  an  inverse  proporti<jn  to 
each   lit  her,  the  intenuU  iltuc  artery  beini,^  long  when  the  common  iliac  u  short,  and   ricf: 

As  regards  its  Place  of  Division. — ^The  place  of  division  of  the  internal  iliac  varies 
between  the  upper  niitrgin  uf  the  Hiteruoi  and  the  upper  border  of  the  ^>aerO'Seiatic  for- 
amen. 

The  arterie.<5  of  the  twii  aides  in  a  scries  of  cases  often  differed  in  length,  but  neither  seemed 
constantly  tu  exceed  the  other. 

Surgical  Anatomy.— The  application  of  a  lii^ature  to  the  internal  iliac  artery  may  be 
required  in  eases  of  aneurism  ur  hremorrhat^e  afTectinir  one  of  its  hranchcs.  The  vessel  may  be 
setnired  hy  making  an  ineision  thrcoi^di  the  ahdomiual  |>anetes  in  the  iliac  region  in  a  direction 
and  to  an  extent  similar  to  that  for  securing  the  eomnion  ihac:  the  trant^versalis  fascia  having 
been  caiitioiisly  divided,  and  the  peritoneum  pushed  inward  from  the  iliac  fosiia  toward  tlie 
pelvis,  the  linj^er  may  teel  the  pulsation  of  the  external  iliae  at  the  bottom  of  the  wound,  and  W 
tracing  this  vessel  upward  the  mternal  tliae  is  arrived  at,  opposite  the  f^o^ro-iliae  articulation.  It 
should  be  remendx^red  that  the  vein  lies  behind  and  on  the  right  side,  a  little  external  to 
the  artery,  and  in  ehtse  eontaift  with  it ;  the  ureter  and  peritoneuuL  winch  lie  in  front,  mufit  also 
be  avoided.  The  de>n*ee  i>f  facility  in  applying  a  ligature  to  this  vessel  will  mainly  depend  upon 
it8  length.  It  hsLs  Ix^en  seen  that  in  the  ^Teal  majority  of  the  eases  examined  the  arter>'  was 
short,  varyinL'  fri>m  an  inch  to  an  inch  and  a  half;  in  these  eases  the  artery  is  deeply  seated  in 
the  pelvis;  whcn^  on  the  contrary,  the  vesstd  is  lon^'er.  it  is  found  j^artly  above  that  cavity.  If 
the  arterj"  is  ver>'  siuirt,  as  occ^isionally  hapiw-ns,  it  would  he  preferable  to  apply  a  ligature  to  the 
oounnun  iliac  or  niwu  the  external  and  internal  ihaes  at  their  origin. 

Probably  a  lietter  method  of  tyinir  the  internal  iliac  artery  is  by  an  abdominal  section  in  the 
median  line  and  reaclumr  the  vessel  throuirh  the  peritoneal  cavity.  This  plan  has  been 
advtX'ated  by  Dennis  of  New  York  on  the  tbllowinja:  grounds :  {I )  It  no  way  increases  the  dancer 
of  the  operation  ;  (2)  it  [jrevents  a  series  of  atvidents  which  have  occurred  during  ligature  of  the 
artery  by  the  older  methods ;  (3)  it  enables  the  tiurgeon  to  siseertain  the  exact  extent  of  disease 
in  the  main  arterial  trunk,  and  select  his  spot  for  the  application  of  the  ligature;  and  (4)  it 
occupies  inu^'b  less  time. 

Collateral  Circulation, — In  Professor  Owen's  dissection  of  a  case  in  which  the  internal 
iliac  artery  har I  been  tied  by  Stevens  ten  years  before  death  for  aneurism  of  the  sciatic  artery, 
the  internal  iliac  was  Ibiind  impervious  for  ahioit  an  inch  above  the  point  where  the  ligature  Ijad 
been  npplie<i  Imt  the  obliteration  did  not  extenil  to  the  origin  of  the  external  iliac^  as  the  ilio- 
lumhar  artery  arostr  just  al>ove  this  point.  Below  the  jKjint  of  obliteration  the  artery  resumed 
its  natural  diameter,  arnl  continued  s*j  for  hulf  an  m\v,  the  obturator,  lateral  sacr:^!,  and  gluteal 
arisini'  in  succession  from  the  latter  portion.  The  obturator  artery  was  entirely  obliterated. 
The  latend  sat*ral  artery  was  as  lanre  as  a  crow's  f|uilK  and  had  a  very  fi-ee  anastomosis  with  the 
artery  of  the  opposite  side  and  with  the  middle  sacral  art-ery.  The  striatic  artery  was  entirely 
obliterated  as  far  iis  its  ptjint  of  connection  with  the  aneurismal  tumor,  but  on  the  distal  side  of 
the  Si4C  it  was  continued  down  along  the  hftck  t>f  tlie  tlngh  nearly  as  large  in  size  as  tlie  femoral, 
l>eing  jKirvious  about  an  inch  Wlow  the  sac  by  rt'^'Civing  an  anastomosing  vessel  from  the  pro- 
funda.     The  circulation  was  ciirried  on  hy  the  anastomoses  of  the  uterine  and  ovarian  arteries; 
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of  the  opposite  vesical  arteries ;  of  tlie  liremorrlioKJa!  braticlics  of  the  internal  iliae  with 
those  from  the  inferior  niesenterk';  of  the  obturator  Jirt cry ^  by  means  of  its  pithic  branch, 
with  the  ve.s.sel  of  the  opiHisite  side  and  with  the  epi^^ai^tric  and  internal  cireuniflex ;  of  the 
circomflex  and  prforatinjii  (>rtinehes  of  the  prjjfunda  tinioris  willi  che  R-iatie;  of  tire  plirteal 
with  the  i)Osterior  branches  of  the  sjicral  arteries;  of  the  iho-lumbar  with  the  lani  lund»E*r;  of 
the  lateral  saenil  with  the  middle  sac^ral ;  and  of  the  circumflex  iliac  with  the  ilio- lumbar  and 
gluteal 

Branches  of  the  Internal  Iliac. 


From  the  Poatenor  Trunk. 
Ilio-himbar. 
Lateral  Sacral. 
OluteaL 


From  the  Anterior  Trunk. 

Superior  Vesical. 

Middle  Vesical. 

Inferior  Vesical, 

M  i  dd  le  1 1  sernorr  huidal . 

01  dura  tor. 

Internal  Pudic. 

Sciatic. 

T^  J,       ,    f  Uterine. 
in  female  \  ^t     »     , 
^  {  \  agnial. 

The  superior  vesical  is  that  part  of  the  foetal  hypogastric  artery  which  remains 
pervioos  after  birth.  It  extends  to  the  side  of  the  bladder;  distrihiitint:  numerous 
branches  to  the  a]>ex  and  body  of  the  organ.  From  one  of  these  a  slender  vessel 
is  derived  which  aeeompanies  the  vaf^  deferens  in  its  course  to  the  testis,  where  it 
anastomoses  with  the  spermatic  artery.  This  is  the  arteri/  of  the  vuh  deferens. 
Other  branches  supply  the   ureter. 

The  middle  vesical,  usually  a  branch  of  the  superior,  is  distributed  to  the  base 
of  the  bbidder  and  under  surface  of  the  vesieube  seminales. 

The  inferior  vesical  arises  from  the  anterior  division  of  the  internal  iliae, 
frequently  in  eonimon  with  the  middle  hieraorrhoidal,  and  is  distributed  to  the 
base  of  the  bladder,  the  prostate  gland,  and  vesiculie  acminales.  The  branches 
distributed  to  the  prostate  communicate  with  the  corresponding  vessel  of  the 
opposite  side. 

The  middle  baBmorrhoidal  artery  usually  arises  together  with  the  preceding 
vessel.  It  supplies  the  rectum,  anastomosing  with  the  other  hietnorrloddul 
arteries. 

The  ttterine  artery  passes  inward  fnun  the  anterior  trunk  of  the  internal 
iliac  to  the  neck  of  the  uterus.  Ascending,  in  a  tortuous  course  on  the  side  of 
this  viscns,  between  the  layers  of  the  broad  ligament,  it  distributes  branches 
to  its  substance,  anastomosing,  near  its  termination,  with  a  branch  from  the 
ovarian  artery.  Branches  from  this  vessel  are  also  distributed  to  the  bladder  and 
ureter. 

The  vaginal  artery  is  analogcuts  to  the  inferior  vesical  in  the  male:  it  descends 
upon  the  vagitia,  siipfdying  its  mucous  membrane,  and  sending  branches  to  the 
neck  of  the  bhuhler  and  contiguous   part  of  the  rectum. 

The  Obturator  Artery  usual h^  arises  from  tlie  anterior  trunk  of  the  internal 
iliac,  fre(|uently  from  the  posterior.  It  passes  forward,  below^  the  brim  of  the 
pelvis,  to  the  upper  part  of  the  obturator  foramen,  and,  escaping  from  the  pelvic 
cavity  through  a  short  canal  lorrued  by  a  groove  on  the  under  surface  of  the 
horizontal  ratnus  of  the  os  pubis  and  the  arched  border  of  the  obturator  mem- 
brane, it  divides  into  an  internal  and  external  branch.  In  the  pelvic  cavity  this 
vessel  lies  upon  the  pelvic  fascia,  beneath  the  iieritoneum,  and  a  little  below  the 
obturator  nerve. 

Branches. —  IVtthin  the  pehh^  the  obturator  artery  gives  off  an  iliae  branch  to 
the  iliac  fossa,  which  stipjdies  the  hone  and  the  Iliaeus  muscle,  and  anastomoses 
with  the  iliodumbar  artery  ;  a  vesical  branch,  which  runs  backward  tt>  supply  the 
bladder;  and  a  pubic  branch,  which  is  given  off  frotu  the  vessel  just  before  it 
leaves  the  pelvic  cavity.     This  brautdi  ascends  upon   the  back   of  the  os  pubis, 
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coniTniinicating  with  oifsets  from  the  deep  epigastric  artery  and  with  the  corre- 
3ponding  vessel  of  the  opjiosite  side.  This  branch  is  placed  on  the  inner  side  of 
the  femoral  ring,  Ejtteninl  to  the  pelvin^  the  obturator  artery  divides  into  an 
ititenml  and  an  external  branch,  which  are  deeply  situated  beneath  the  Obturator 
externus  muscle. 

The  iBtemal  branch  curves  downward  along  the  inner  mar^^in  of  the  obturator 
foramen,  distributing  branches  to  the  Obturator  externus  muscle,  Pectineus, 
Adductors,  and  Gracilis^  and  anastonioses  with  the  external  braueh  and  with  the 
internal  circumflex  artery. 

The  external  branch  curves  rounrl  the  outer  margin  of  the  foramen  to  the 
space  between  the  Gemellus  inferior  and  Quadratus  femoris,  where  it  ana>stomoses 
with  the  sciatic  artery.  It  supplies  the  Obturator  muscles,  anastomoses,  as  it 
passes  backward,  with  the  internal  branch  and  with  the  iiHernal  circumflex,  and 


Fig.  373,~VarliitlonB  lu  origin  and  course  of  obturator  artery. 


sends  a  branch  to  the  hip-joint  through  the  cotyloid  notch,  which  ramifies  on  the 
round  ligament  as  far  as  the  head  of  the  femur. 

Pectiliarities.— In  two  out  of  every  three  cases  the  obturator  arises  from  the  internal  iliac ; 
in  fjue  case  in  three  ami  a  half  fpim  the  epigastric;  and  iu  about  two  and  a  Imlf  in  seveiUy-two 
easels  by  two  nmU  froin  b<itli  vessels.  It  arises  in  one  ;uul  twoteuthH  i>er  eent.  frniu  tbe  extor- 
nal  iliae  nrfery.  The  <*rifj:iu  of  the  obturator  trom  the  epigastric  is  not  conimonly  found  oa  both 
si<ics  of  tlie  stuue  iKjily, 

Wben  the  otiturator  artery  arises  at  the  firmt  of  tbe  pelvis  from  the  epigastric,  it  descends 
ahnos?t  vertically  to  the  npper  part  of  the  obtunitor  forruoeu-  The  artery  iu  this  eon^rse  usually 
lies  in  contaet  with  the  extenuil  iliac  vein  aud  on  the  ontersirle  of  the  (Vinoral  riii^  iFi^^  373.  A)  ; 
in  snch  rius<:-s  it  wonifl  u<>t  he  endanijered  in  the  openttiou  for  femoral  hernia.  Geeasi  ion  ally, 
however,  it  euriTJ^  inwarJ  akmi^  the  free  nutr^'^in  of  Ginilniniat's  htMnient  (Fi^^  373.  B),  and 
under  such  f!ir(_*unistaneei*  wonld  ainiijst  e<inu>letely  encircle  the  nti'k  of  a  hernial  sae  (su[)ptwing 
a  hernia  to  exist  in  such  a  ca:^J^  and  would  l)e  iu  great  danger  of  being  wonnded  if  an  operfttion 
was  fierforuicd. 

The  internal  pudic  is  the  smaller  of  the  two  terminal  branches  of  the  anterior 
trunk  of  the  internal  iliac,  and  supplies  the  external  organs  of  generation. 
Though  the  course  of  the  artery  is  the  same  in  the  two  sexes,  the  vessel  is  much 
smaller  in  the  female  than  in  the  male,  ond  the  distribution  of  its  branches 
somewhat  different.  The  description  of  its  arrangement  in  the  male  will  (irst  be 
given,  and  subsefjuently  the  differences  which  it  presents  in  the  female  will  be 
mentioned. 

The  Internal  Fudic  Artery  in  the  Male  passes  downward  and  outward  to  the 
lower  border  of  the  threat  sacro-sciatic  foramen,  and  emerges  from  the  pelvis 
between  the  Pyriformis  and  Coccjgeus  muscles  :  it  then  crosses  the  spine  of  the 
ischium  and  re-enters  the  pelvis  through  the  lesser  sacro-sciatic  fnmmen.  The 
artery  now  crosses  the  Obturator  intern  us  muscle  along  the  outer  wall  of  the  ischio- 
rectal fossa,  being  situated  abotit  nn  inch  and  a  half  ^ibove  the  lower  margin  of  the 
ischial  tuberosity.  It  is  here  contained  in  a  sheath  at  the  obturator  fascia,  and 
gradually  approaches  the  margin  of  the  ramus  of  the  ischium,  along  which  it  passes 
forward  and  upward,  pierces  the  posterior  layer  of  the  deep  perineal  fascia,  and 
riins  forward  along  the  inner  margin  of  the  ramus  of  the  os  pubis  ;  finally,  it 
perforates  the  anterior  layer  of  the  deep  perineal  fascia  and  divides  into  its  two 
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terminal  branches,  the  dorftal  artery  of  the  perm  and  the  artery  of  the  corpus 
cavern  ftiiUf/i. 

Relations. — In  the  fir«t  part  of  its  course,  within  the  pelvis,  it  lies  in  front  of 
the  Pyriformis  niusrh^  und  t^acral  plexus  of  nerves,  and  on  the  outer  sirle  of  the 

rectum  (on  the  left  side). 
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As  it  croSi«es  the  spine 
of  the  ischium  it  is  cov- 
ered by  the  Gluri.*u8 
maxim  us.  In  the  pelvis 
it  lies  on  the  outer  side 
of  the  iscljio-rectal  fossa, 
upon  the  surface  of  the 
Obturator  intern  us  mus- 
cle, contained  in  a  fibrous 
canal  formed  by  the  ob- 
turator fascia  and  the 
falciform  process  of  the 
great  sacro-sciatic  liga- 
ment. It  is  accompa- 
nicd  by  the  pudic  veins 
and  the  internal  pudic 
nerve,  which  lies  inter- 
nal to  it  on  the  ischial 
spine. 

Peculiarities,— The  in- 
tenial  padic  is  soajetinies 
himaller  tlian  usuaL  or  faib 
to  give  off  one  or  two  of  its 
usual  brand  It's ;  in  such 
eases  t!ie  deficiency  is  ^up- 
plied  hy  bra  Indies  derived 
i'mtii  an  additional  vessel, 
the  iferessorit  jftitJte,  wliieh 
gcneniUy  arises  hn:>m  the  in- 
tcrntil  |»udie  arterv  before  iti^ 
exit  from  the  treat  saero- 
seiatie  ftraaien.  It  pa^sses 
forward  alon^^  I  he  lower  part 
httpogaUric  ^j-  jij^.   Madder  and  aeroes 


-Gluteal 


-ObtiL 


-Jni.  pudic 


Inf.  hiemorrhoidal 


the  side  of  the  prostate 
ghiTiJ  to  the  root  of  the 
penis,  where  it  perforates 
the  triaTipukr  Hganient  and 
gives  ofl'  tlie  branches  nm- 
ally  derived  fruia  the  pudie 


Dor  ml  artery     \ 
Arkiy  of  carp.  cm\ 

}^rinctil  ..        .  ^ 

Fio.  ;r74.-The  Internal  public  an«?ry  aad  ito  bnincbe*  In  the  miilu.  <Gfgenbaur.)  artery.    The  deticieney  iiiost 

fre*|oeiilly  iiict  with  is  that 
in  which  the  internal  pudic  ends  as  the  artery  of  the  bu3b,  the  artery  ot  tlie  eoq)iis  eaveniosiim 
atid  arteria  dursalis  penis  beinir  derived  frfini  the  accessory  pudie.  Or  the  jiudie  may  terminate 
fus  dre  snperlieiul  periiteiil,  the  artery  of  the  balb  being  derived,  with  the  other  two  branches^ 
frtaa  the  avrcsHiiry  vessel 

Slir^ical  Anatomy. — The  relation  of  the  acf%>ssory  padie  to  the  prosJate  irland  and  arethra 
is  »f  tlie  sireatertt  interest  in  a  sorL^ical  [wint  of  view*  as  tmn  vesi^el  is  in  daiiL^er  of  bcinir  woaniled 
in  the  lateral  ojKmtiuii  of  iithotoiny.  The  student  sliould  also  study  the  posit iuii  oi'  the  iiiteraal 
pudie  artery  and  its  iiranches,  when  miminL'  a  noriatd  eoarse,  with  recrnrd  to  T lie  snnie  operation. 
The  superficial  and  the  traiwver^e  perin<'ul  arteries  are,  of  necessity,  divided  in  this  ot>eriitiont 
hut  the  li!emoiThay:e  froai  these  vessels  is  «eldHniexeesHive;  shonld  a  ligature  be  required,  it  can 
readily  be  applied  on  account  of  their  supertieial  pt)isition-  The  artery  of  the  hulh  maybe 
divided  if  the  inetsion  V>e  i.-arried  too  far  forward,  and  itijury  of  this  vessel  maybe  attended  with 
serious  or  even  fatal  eonsc^pieneeis.  The  laain  trunk  i>t'  lite  internal  ini«lie  artery  may  be  wounded 
if  the  incision  h-e  earned  om)  iar  outward  ;  Imt,  \mnii  Ixuuid  down  hy  the  strong'  ui>turator  fa8!.^ia 
and  un«ler  cover  oi'  tlie  ramus  of  the  ischium,  the  aeeideat  b  not  veiy  likely  to  occur  unless  the 
vessel  runs  an  anoaudous  eourae. 
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Branches. — The  branches  of  the  internal  piulic  artery  are — 

Muscular.  Transverse  Permeal, 

loferior  IlEemorrhnidal.  Artery  of  the  Bulb. 

Superiicial  PerineaL  Artery  of  the  Corpus  Cavemoeum. 

Dorsal  Artery  of  the  Peois. 

The  muscular  branches  consist  of  two  sets — one  given  off  in  the  pelvis,  the 
other  as  the  vessel  erossei^  the  ischial  spine.  The  fonner  are  sevenil  small  offsets 
which  supply  the  Levator  ani,  the  Obturator  internus,  the  Pyrifru'inis,  and  the 
Coccygeus  muscles.  The  branches  given  off  outside  the  pelvis  are  distributed  to 
rlie  adjacent  part  of  the  Gluteus  maximus  and  External  rotator  muscles.  They 
anastomose  with  branches  of  the  sciatic  artery. 

The  inferior  hemorrhoidal  are  two  or  three  small  arteries  which  arise  from  the  in- 
ternal pndic  !is  it  [lasscs  iibnvL'  the  tuberosity  of  the  ischiinu.  Crossing  the  ischio- 
rectal fossa,  they  are  distributed  to  the  muscles  and  integument  of  the  anal  region. 

The  superficial  perineal  artery  supplies  the  scrotum  and  muscles  and  integu- 
ment of  the  perinfeum.  It  arises  from  the  internal  pudic  in  front  of  the  preceding 
branches,  and  turns  upward,  crossing  either  over  or  under  the  Transversus  perinaei 
muscle,  and  runs  fnrward,  parallel  to  the  pubic  arch^  in  the  interspace  between  the 
Accelerator  iirime  and  Erector  penis  muscles,  both  of  which  it  sup|)lies.  and  is 
finally  distributed  to  the  skin  and  dartos  of  the  scrotum.  In  its  passage  through 
the  perimeutn  it  lies  beneath  the  superficial  perineal  fa^scia. 

The  tranaverse  perineal  is  a  small  branch  which  arises  either  fi^om  the  internal 
pudic  or  from  the  superficial  perineal  artery  as  it  crosses  the  Tnmsvei^sus  periniei 
muscle.  It  runs  transversely  inward  along  the  cutaneous  surface  of  the  Trans- 
versus perimei  muscle,  which  it  supplies,  as  well  as  the  structures  between  the  anus 
and  bulb  of  the  urethra,  iind  anastomoses  with  the  one  of  the  opposite  side. 

The  artery  of  the  hulb  is  a  large  but  very  short  vessel  which  arises  from  the 
internal  pubic  between  the  two  layers  of  the  deep  perineal  fascia,  and,  passing 
nearly  transversely  inward,  pierces  the  bulb  of  the  urethra,  in  which  it  ramifies. 
It  gives  off  a  small  branch  wjiich  descends  to  supply  Cow  per 's  gland. 

Surgical  Anatomy. — ^TLis  artery  is  of  consiJenible  iaipc»rtauc!e  in  a  surgical  point  of  view, 
as  it  is  in  dau^fer  hC  heiuij  wounded  in  the  lateral  operation  of  lithotomy — an  aciident  usually 
attended  in  the  juluk  with  iilmrniiii.L'^  hi«?iiiorr1m^';e.  The  vessel  is  sonietiines  very  snudi,  weasion- 
ally  WEintiuif,  or  eveu  <hjuble.  It  Sinnetimes  arises  from  the  internal  pudic  earlier  than  usual  and 
crosses  the  perinfeuuj  t<>  reaidi  the  back  part  of  the  btdh.  In  such  a  case  the  vessel  could  hiirdly 
fail  to  he  wounded  in  th<?  ijerlbruianee  ot  the  lateral  operation  of  lithotomy.  If^  on  thecoutruty, 
it  shoulil  arise  from  an  aeeessory  pudic,  it  lies  mure  f« >rward  than  usual  and  is  out  of  danger  m 
the  oiwmlion. 

The  artery  of  the  corpus  cavemosum,  one  of  the  terminal  branches  of  the  inter- 
nal pudic,  arises  from  that  vessel  while  it  is  situated  between  the  cms  penis  and 
the  rauiiis  of  the  os  pubis  ;  piercing  the  crus  penis  obli(|ue]y,  it  runs  forward  in  the 
centre  (d*  the  corpus  cavernosum,  to  which  its  branches  are  distributed. 

The  dorsal  artery  of  the  penis  ascends  between  the  crus  and  pubic  symphysis, 
and.  piercing  the  suspensory  ligament,  runs  forw^ai^d  on  the  dorsum  of  the  penis  to 
the  trians,  wheie  it  divides  into  two  branches  which  supply  the  glans  and  prepuce. 
On  the  dorsum  of  the  penis  it  lies  immediately  beneath  the  integument,  parallel 
with  the  dorsal  vein  and  the  correspondin^r  artery  of  the  opposite  side  with  the 
nerve  external.  It  supplies  the  integument  and  fibrous  sheath  of  the  corpus  caver- 
nosum, sending  branches  through  the  sheath  to  anastomose  with  the  preceding 
vesaeL 

The  Interna!  Putiic  Artery  in  the  Female  is  smaller  than  in  the  male.  Its 
origin  and  course  are  similar,  au<l  there  is  considerable  analogy  in  the  distribution 
of  its  branches.  The  sujvcrfieial  artery  supplies  the  labia  pudcndi ;  the  artery  of 
the  bulb  supplies  the  bulbi  vestibuli  and  the  erectile  tissue  of  the  vagina  j  the 
artery  of  the  cur|*iis  cavernosum  supplies  the  cavernous  body  of  the  clitoris;  and 
the  arteria  dmsalis  clitoridis  supplies  the  dnrsum  of  that  organ,  and  terminates  in 
the  glans  nud  in  the  membranous  fuld  currespontJing  to  the  prepuce  of  the  male, 
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The  Sciatic  Artery  (Fig.  375),  the  hirger  of  the  two  terminal  branches  of  the 
anterior  trunk  of  the  internal  iliiic,  is  distributeil  to  the  nniscles  at  the  back  of  the 
pelvis.  It  passes  down  to  the  lower  part  of  the  great  sacrosciatic  foramen  behind 
the  internal  pudic  arter\%  re'sting  on  the  sacral  |>Iexns  of  nerves  and  Pvi'if<*rrai8 
muscle,  and  escapes  from  the  pelvis  through  this  foramen  between  the  Pyriforrais 
and  Coccygeus.     It  then  descends  in  the  interval  between  the  tr<»chanter  nnijor  and 

tuberosity  of  the  ischium,  ac- 
coin  I  lan  i  ed  by  t  h  e  sc  i  a  t  i  c  n  e  r v  esi, 
and  covered  by  the  Gluteus 
m  a  X  i  m  us ,  a  n  A  i  s  e  o  n  t  i  n  u  ed  d  o  w  n 
the  back  of  the  thigh  supplying 
the  skin,  and  anastomosing  with 
branches  of  the  perforating  arte- 
ries. 

Within  the  pelvis  it  distrib- 
utes branches  to  the  Pyriformis, 
Coccygeus,  and  Levator  ani 
muscles;  some  ha^morrh^>idal 
branches,  \\bich  su]»ply  the 
rectum,  and  occasionally  take 
the  J  dace  of  the  middle  hiemor- 
i'h«iidal  artery ;  and  vesical 
brandies  to  the  base  and  neck 
of  the  bladder,  vesicube  semi- 
nalcs,  and  prostiite  gland.  Ex- 
ternal to  the  pelviH  it  gives  off 
the  following  branches: 


m^fim 
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TermhmHon 
ttf  intrnml 
circnnijlex. 


pfr/oriiting. 
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Coccygeal. 

Inferior  Gluteab 

C^mies  Nervi  Ischiadici. 

Muscular. 

Arricular, 

The  coccygeal  branch  runs 
inward,  pierces  ihe  great  sacro- 
sciatic ligament,  and  sujtplies 
the  Gluteus  maxim  us,  the  in- 
tegument, cind  other  structures 
on  the  back  of  the  coccyx. 

The  inferior  gluteal  branches, 
three  or  four  in  number,  su|*jdy 
the  Gluteus  maximus  muscle, 
anastomnsing  witii  the  gluteal 
artery  in  the  substunce  of  the 
muscle. 

The  comes  nenri  ischiadici 
is  a  b>nir,  slender  vessel  which 
accompanies  the  great  sciatic 
n e r \  e  f < > r  a  s h o r t  d i s t a n ee  ;  it 
then  ]»enetrates  it  and  runs  in 
its  substance  to  the  lower  part 
of  the  thigh. 

The  muscular  branches  supply  tlie  muscles  on  the  back  part  of  the  hip.  anas- 
tomosing with  the  giuteal  external  branch  of  the  obturator,  internal  and  exter- 
nal circumflex,  and   superior  perforating  arteries. 

Some  articular  branches  are  distributed  to  the  capsule  of  the  bi]>joint. 

The  Hio-lumbar  Artery,  given  ofl'   from  the  posterior  trunk   of   the  internal 
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Fio.  876.— The  «n«Hes  of  tlie  gluleid  and  posterior  fbmorHl 
f«KiQtit. 
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iliac,  turns  upward  and  outward  between  the  obturator  nerve  and  lumbo-sacral 
cord,  to  the  inner  margin  of  the  Psoa^  muscle,  behind  which  it  divides  into  a  lum- 
bar and  an  iliac  branch. 

The  lumbar  brancli  supplies  the  Psoas  and  Quadratua  lunibnrum  muscles, 
anastomosing  with  the  lai*t  lumbar  artery,  and  sends  a  small  spinal  branch  through 
the  intervertebral  foramen,  between  the  last  lumbnr  vertebra  and  the  sacrum,  into 
the  spinal  canaL  to  supply  the  j?pinal  cord  and  its  membranes. 

The  iliac  branch  descends  to  supply  the  Iliacus  muscle;  some  offj^ets,  running 
between  the  ninscle  and  the  bone,  anastomose  with  the  iliac  branch  of  the 
obturator;  one  of  these  enters  an  obH<|ue  canal  to  supply  the  diploe,  whilst  others 
run  along  the  crest  of  the  ilium,  distributing  branches  to  the  01  u teal  and  Abdnui- 
inal  muscles,  and  anastomose  in  their  course  with  the  gluteal,  circumtlex  iliac, 
and  external  circumflex  arteries. 

The  Lateral  Sacral  Arteries  (Fig.  372)  are  usually  two  in  number  on  each  side, 
superior  and  inferior. 

The  superior,  which  is  of  large  size,  passes  inward,  and,  after  anastomosing 
with  branches  from  the  middle  sacral,  enters  the  first  or  second  sacral  foramen,  is 
distributed  to  the  contents  of  t!ie  sacral  canal  in  the  same  manner  ns  the  lateral 
spinal  branches  from  the  vertebral,  and,  escaping  by  the  corresponding  posterior 
sacral  foramen,  supplies  the  skin  and  muscles  on  the  dorsum  of  the  sacrum,  anas- 
tomosing with  the  gluteah 

The  inferior  [msses  obliquely  across  the  front  of  the  Pyriformis  muscle  and 
sacral  nerves  to  the  inner  side  of  the  anterior  sacral  foramina,  descends  on  the 
front  of  the  sacrum,  and  anastomoses  over  the  coccyx  with  the  sacra  media  and 
opposite  lateral  sacral  arteries.  In  ita  course  it  gives  ofl'  branches  which  enter 
the  anterior  sacral  foramina;  these,  after  giving  off  branches  to  be  distributed  to 
the  contents  of  tlie  sacral  canal  in  the  same  manner  as  the  lateral  spinal  branches 
from  the  vertebral,  escape  by  the  posterior  sacral  foramina,  and  are  distributeil  to 
the  muscles  and  skin  on  the  dorsal  surface  of  rbe  sacrum,  nuastomosing  with  the 
gluteal. 

The  Gluteal  Artery  is  the  largest  branch  of  the  internal  iliac,  and  appears  to 
be  the  continuation  of  the  posterior  division  of  that  vesseL  It  is  a  short,  thick 
trunk,  which  passes  ouL  of  the  pelvis  above  the  upper  border  of  the  Pyriformis 
muscle,  and  immediately  divides  into  a  nuperficml  and  ifeep  branch.  Within  the 
pelvis  it  gives  off  a  few  muscidar  branches  to  the  Iliacus,  Pyriformis,  and  Obtu- 
rator internus,  and,  just  previous  to  (flitting  that  cavity,  a  nutrient  artery,  which 
enters  the  ilium* 

The  BUperficial  braEch  passes  beneath  the  Gluteus  maximus  and  divides  into 
numerous  branches,  some  of  which  supply  that  muscle,  whilst  cUhcvs  perforate  its 
tendinous  origin,  and  supply  the  integument  covering  the  posterior  surface  of  the 
sacrum,  anastomosing  with  the  posteric^r  branches  of  the  sacral  arteries. 

The  deep  brancli  runs  between  the  Gluteus  medius  and  minimus,  and  sub- 
divides into  two.  Of  these,  the  superior  division,  continuing  the  original  course 
of  the  vessel,  {masses  along  the  upper  border  of  the  Gluteus  minimus  to  the 
anterior  superior  spine  of  the  ilium,  anastomosing  with  the  circumflex  iliac  and 
ascending  branches  of  the  external  circumHex  artery.  The  inferior  division 
crosses  the  (iluteus  minimus  obliquely  to  the  trochanter  major,  distributing 
branches  to  the  Glutei  muscles,  and  inosculates  with  the  external  circumflex 
artery.     Some  branches  pierce  the  Gluteus  minimus  to  supply  the  hip-joint. 

Surface  Marking. — The  fiositioii  of  the  three  injiin  br.mches  of  the  iaternal  iliac,  the 
sciatic,  inlerruvl  oucii<_%  aiid  Ldutetil,  whtch  uitiy  oeeasioually  be  the  object  ofsurjL^ical  interfereat'c, 
18  indicated  on  the  surface  in  the  following  way :  A  line  is  to  Im?  drawn  fr<un  the  po?Jteriur  supe- 
rior iliac  spine  tu  the  poskriur  superinr  an^de  of  ihe  great  tnxhunter.  with  the  limb  slightlv 
flexed  and  rot^itcd  inward  :  the  point  *>f  emergence  of  [be  (/fnlefif  <tf'f*ty  iVtuji  the  upper  part^  of 
the  sciatic  notch  wiU  correspond  with  the  juaction  of  the  upper  with  tlic  Tiiifidle  tfiird  of  this 
line,  A  sccoud  hue  is  to  be  drawn  from  the  same  jioint  to  the  middle  of  the  tuherosity  of"  the 
ischium  :  the  junction  of  the  lower  with  the  middle  third  marks  the  point  of  emerirencc  of  the 
»ciitfit'  Mti]  ptidie  arterm  from  the  great  sciatic  notch. 
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Surgical  Anatomy. — Any  of  these  tliree  vessels*  may  require  lierahirintr  for  a  wound  or  for 
aneurisiij,  wliieli  is  izeuemlly  tn^un>jitit',  and  the  *»prratiim  iiiiiy  be  jHrfiprined  hy  an  iiKUsiun, 
rfiret*  or  four  inches  long,  in  the  direetkin  u\'  the  tihres  of  the  Ghiteus  nisixmiiis  muscle,  the 
middle  of  the  cut  eorresixinding  to  the  puiTjt  indicating  their  respective  jiottttioaa. 

The  External  Iliac  Artery  (Fig.  372). 

The  external  iliac  artery  \^  larger  in  the  atltilt  thun  the  internal  iliac,  and 
passes  uhli^uely  diiwnwanl  and  outward  along  the  inner  border  of  the  Psoas 
musele.  fixnn  the  hifTireatifiO  of  the  common  iliac  to  Poiipart's  ligament,  where  it 
enters  the  thigh  and  becomes  the  femoral  artery. 

Eelations.— //*  fronts  with  the  j>eritonenm,  subperitoneal  areolar  tissue,  the 
intestines,  ileum  on  right  side,  sigmoid  flexure  on  left,  and  a  thin  lajer  of  fascia 
deriv^ed  from  the  iliae  fascia,  which  surrounds  the  artery  and  vein.  At  its 
origin  it  is  occasionally  crossed  by  the  ureter.  The  spermatic  vessels  descend  for 
some  distance  upon  it  near  its  termination,  and  it  is  crossed  in  this  situation  by 
the  genital  branch  of  the  genito-crural  nerve  and  the  circumflex  iliac  vein;  the 
vas  deferen.s  curves  down  along  its  inner  side.  Behind^  it  is  in  relation  with  the 
external  iliac  vein,  which,  at  Poupart's  ligament,  lies  at  its  inner  side.  Exfer- 
iially,  h  rests  against  the  pHoas  muscle,  from  which  it  is  separated  by  the  iliac 
fascia.  The  artery  rests  upon  this  muscle,  near  Potipart's  ligament,  similarly 
separated  by  the  fascia.  Numerous  lymphatic  vessels  and  glands  are  found  lying 
on  the  front  and  inner  side  of  the  vessel. 


Plan  of  the  Relations  of  the  External  Iliac  Artery* 


Near 
Poupart's 
Ligament. 


Outer  Jiide. 
Faoaa  magmiB. 
Iliac  fa^ia. 


In  front 

Peritoneiim,  intestines,  and  fascia. 
i  Spermatic  vessels. 
^  Genito-orurjd.  nerve  (genital  hraneh). 
( (JiR- urn  flex  iliac  vein. 

Jjympluitic  vessels  and  glands. 


In  HIT  side. 

External  iliac  vein  and  vas  deferens 

at  femoral  iireh. 


Brh'fid. 
Esternal  iliac  vein. 
Pstias  magniis. 
Iliac  fascia. 

Surface  Markmgi— The  surface  line  indicating  the  course  of  the  external  iliac  arterj^  has 
been  alreieiy  ^iven  (sec  page  iWJ). 

Surgical  AEatomy,— The  application  of  a  ligature  to  the  eitennd  iliac  may  he  required  in 
cases  *if  ani;uri>m  uf  llie  femoral  artery  or  fur  a  wound  of  the  arter>^  This  ves.sei  may  l>e 
secured  in  any  jiart  uf  its  murse,  exee[>ting  near  its  upper  end.  which  is  tu  l>e  iivoided  on 
awunm  id'  the  proximity  uf  the  great  stream  of  blrHxl  in  the  internal  iliitc,  and  near  its  lower 
end,  whieh  shnuld  also  he  avnidefX  on  aecount  <d'  the  pnixitnity  of  the  epigastric  and  cin*umflex 
iliac  yes.s«'k  <.)nc  *d"  the  chief  points  in  the  performance  of  the  o|ieration  is  to  secure  the  ves- 
sel withmit  injury-  to  the  peritoneum.  The  ijaticnt  having  been  placed  in  the  reeundMent  jHjsi- 
tiun,  an  incision  i^hould  Ijc  made,  commeneing  l>elow  at  a  point  almut  three -quarters  of  an  inch 
above  Poupart'n  li^anjent,  and  a  little  external  to  its  mid«lle,  and  running  u|>ward  nnd  outward, 
parallel  to  Pouparl's  ligament,  to  it  point  above  the  anterior  su|R>nor  spine  of  the  ilium.  When 
the  artery  is  deeply  seated  njor*?  nKtni  will  be  reuuired,  and  may  Ixi  obtained  by  eurving  the 
incision  fn>ni  the  point  last  named  inward  toward  the  unibtlicas  for  a  short  distapce,  or,  if  the 
luwer  part  of  the  artciy  is  to  be  reached,  the  surgeon  may  adopt  the  plan  advtxated  by  Sir 
Asdey  (\KJpiT.  by  making  an  ineision  close  to  Ponpart's  ligament  froin  about  half  an  (neb  out- 
side uf  t!ie  external  afxlonniinal  ring  t<i  one  inch  internal  to  the  anterior  superior  srdne  of  the 
irmni>  This  ineision,  beim:  made  in  the  course  «d'  the  tibres  of  the  aponeurosis  of  tlie  external 
obli<|ue,  is  ie,^  likely  to  be  followed  by  a  ventnd  hernia^  but  there  is  daneer  of  wounding  the 
epigastric  artery,  Abcrnethy*  who  first  tied  this  arterj,  made  his  incision  in  the  course  of  the 
vessel.  The  alidominal  museles  and  tniimversiil is  fascia  having  been  cautiotLsly  divided,  the  peri- 
toneum should  lie  separated  from  the  iliii*:*  fossia  and  raised  toward  the  pelvis;  and  on  introducing 
the  finger  tu  the  bottom  of  the  wound  the  juterj'  may  be  felt  pulsating  along  the  itmer  bonier  of 
the  Psoas  mnscte.     The  external  iliac  vein  ia  generally  found  on  the  irmer  side  of  tlie  arter>% 


THE   EXTERXAL    ILIAC   ARTERY, 


629 


and  must  be  cftiitiously  bepanited  fkim  it  by  tbe  finger-nail  or  handle  of  the  knife,  and  the  uneu- 
risnj  needle  should  be  iiitrudiifed  un  the  inner  side,  between  tin*  arten^  smd  the  vein. 

Lit:atur»^  nf  the  extenial  iliac  artery  lisii?  reix-iitly  Ix'tij  perroniicd  in  three  ur  moreca^es  by 
a  tmnspi^ritoneal  met  hud.  An  ineision  fuur  ini^-hen  in  lenjrth  is  made  in  the  semihniar  line,  eom- 
menxMn;:  about  an  inch  hel<jw  the  iimhilien,H  and  earned  iliron^h  the  abdominal  wall  into  the 
ptTitnneal  cavity.  The  inte^j^tines  are  then  pushed  uttvvurd  utul  ht^ld  out  of  the  way  by  a  bmaj 
abdoniinai  retmetor,  ami  an  inei.*iioi»  made  tnniu^fh  im  iieritoneum  at  the  margin  of  the  t>elvi» 
in  the  euurse  uf  the  artery,  and  the  vessel  secured  in  any  part  of  its  course  which  may  seem 
desirahle  to  the  opemtor.  The  advantagei?  of  this  operate »ii  ajipear  U>  be  that  if  it  is  fonnd 
ne^-'cssary  the  common  iliac  artery  can  be  Hiratured  insstead  of  the  external  iliac  without  extension 
or  moilitication  of  the  incision ;  and  st^eonilly,  that  the  vet^^I  can  be  ligatured  without  in  any 
way  interferinij  with  the  coverings  of  the  sae.  Possibly  a  disadvantage  may  exist  in  the  greater 
risk  of  heniia  aficr  this  method. 

Collateral  Circulation, — Tlie  principal  anastomoses  in  carrying  on  the  collateral  circubt ion, 
after  the  application  of  a  ligature  to  the  external  iliae,  are— the  ilio-lum>>ar  with  the  eirenntllex 
iliac ;  the  gluteal  with  the  ext^^rnal  eircnmtlex  ;  the  obturator  with  the  internal  circumflex  ;  the 
sc'iatie  with  the  superior  perforating  and  circumflex  branches  of  the  profunda  artery;  and  the 
internal  puilic  with  the  external  pudie.  Whrn  the  oblurator  arisen  tVonj  the  epigastric^  it  is 
supplied  with  hlootj  hy  brariehe.H,  either  fmni  the  inlenial  ihac.  tlie  lateral  sacrah  or  the  inter- 
nal pudic.  The  epigastric  receives  its  .supply  lrt>m  the  internal  njamniary  ami  interit>r 
inten^oslal  arteries,  arid  from  the  internal  iliac  by  the  aniisfomoses  of  its  bmncheti  with  the 
obturator. 

In  the  dissection  of  a  limb  eighteen  years  after  the  successful  ligature  of  the  external  iliac 
arterj^  by  Sir  A.  Cooper,  which  is  to  be  found  in  Guif'tt  Hmpitnl  Rrjxttis,  vtiL  i.  p,  MK  the 
anastomosing  branches  are  de,scribed  in  three  sc^ts:  Art  anterior  Fnf,  —  [,  a  very  large  branch 
from  tlie  ilio  himhar  artery  to  the  ciretiinHex  diac ;  2.  another  bnuieh  from  the  ilio  hunbar^ 
joined  by  one  fnmi  the  obturator,  and  brcakijig  up  into  numerous  tortuous  branches  to  anastomose 
with  the  externa]  circumflex ;  o,  two  other  branches  fnjm  the  obturator,  which  passc^d  c»ver  the 
brim  of  the  pelvis,  communicated  with  the  cpig^istric,  and  then  liroke  up  into  a  plexn.H  to  ana-s- 
tornos*^  with  the  internal  eir(*umflex.  An  ifttfrtifff  sf^t. — Branches  given  ofl'frfim  the  obturator^ 
after  ijuitting  the  pelvis,  which  ranjilied  among  the  addnrtor  mnscies  on  the  inner  side  of  the 
hip-Jomt,  and  J<>ined  most  freely  with  bninelies  of  the  intennd  eircumflct.  A  jH/iiUnor  :t*t. — 
I,  three  large  branches  fnmi  the  glotcal  ti>  the  exteniiil  einnmillex  ;  2.  several  branches  from  the 
stiati*!  aroiuid  the  great  sciatic  notch  lo  tlie  internal  and  extcnnil  circumflex,  and  the  pedbrating 
bmnches  of  the  profunda 

Brancliea, — ^Besides  several  small  branches  to  the  P^oas  oinscle  and  the  neigh- 
bor! n;^;  lymphatic  glands,  the  external  iliac  gives  off  two  branches  of  considerable 
sixe— the 

Deep  Epigastric  and  Deep  Circumflex  Iliac. 

The  Beep  Epigastric  Artery  arises  from  the  external  iliac  a  few  lines?  above 
Poupart  s  li;j;auient.  It  at  first  descends  to  reach  this  ligament,  and  then  ascends 
obliquely  along  tbe  inner  margin  of  the  internal  abdominal  ring,  lying  between 
the  trans versalis  fascia  and  peintoneum,  and,  continuing  its  course  upward,  it 
pierces  the  transversalis  fascia,  and,  passing  over  the  semilunar  ftdd  of  Douglas, 
enters  tbe  sheath  of  the  Rectus  muscle.  It  then  ascends  on  the  posterior  surface 
of  tbe  muscle,  and  finally  divides  into  numerous  branches,  which  anastomose, 
above  the  umbilicus,  with  the  terminal  branches  of  the  internal  maiuiiiai*y  and 
inferior  intercostal  arteries.     The  deep  epigastric  artery  hears  a  very  important 

ition  to  the  internal  abdominal  ring  as  it  passes  oblii|uely  upward  an^i  inward 
from  its  origin  from  the  external  iliac.  In  this  [lart  of  its  course  it  lies  along  the 
lower  and  inner  margin  of  tbe  ring  and  beneath  tlie  commencement  of  the  sjter- 
matic  cord.  As  it  winds  round  tbe  internal  abdominal  ring  it  is  crossed  by  the  vas 
deferens  in  the  tnale  and  the  round  ligament  in  tbe  female* 

Branclies. — The  branches  of  this  vessel  are  the  following  :  The  cr€mtigterh\ 
which  accotnpanies  the  spermatic  cord,  and  supplies  the  Cremaster  muscle  and 
other  coverings  of  tbe  cord,  anastomosing  with  tbe  spermatic  artery ;  a  ptthie 
hranf*h,  which  runs  along  Pou part's  ligament,  and  then  descends  behind  tbe  pnbes 
to  the  inner  side  of  the  femoral  ring,  and  anastomoses  with  offsets  from  the 
obturator  artery  ;  musetdar  ftr<?/»c/fc«,  some  of  which  are  distributed  to  the  abdominal 
muscles  and  peritoneum,  anastomosing  with  the  lumbar  find  circumtiex  iliac  arteries; 
others  perforate  the  tendon  of  the  External  oblique,  and  sujiply  the  integument, 
anastomosing  with  branches  of  the  superficial  epigastric. 
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Peculiarities.— The  onj^n  of  the  epigastric  may  take  place  firom  an^^  part  of  the  external 
iliai'  betwi  I'll  Pyijf>;m's  ligament  and  two  inches  and  a  half  alxjve  it,  or  it  may  arise  below  ihb 
hgament*  from  the  temunil  or  from  the  deep  femoml. 

Unioii  with  Branches.— It  irequently  ari.ses  from  the  external  iliac  by  a  eomnion  trunk 
with  the  obturator,  Sunit^linies  the  epigjistrie  !irisej5  from  the  tibtunitor,  the  latter  vessel  Ijeing 
farni,shed  by  the  intrrriul  iliac,  or  the  epiga-stric  may  t>e  Rtrmcd  of  two  branches*  one  derived 
from  the  extiTn^d  iliac,  ilie  other  from  the  iiitermil  iliae. 

Surgical  Anatomy.— The  deep  epigastric  artery  tbllows  a  line  dniwn  from  the  middle  of 
Poupart  s  ligament  toward  the  unibdieus ;  bat  shortly  ailer  this  line  erosses  tlielinea  semilunaris 
the  direction  changes,  and  the  course  of  the  ress^d  is  dirt^etly  upward  in  the  hue  of  junction  of 
the  inner  third  with  the  outer  two-thirds  of  tbe  Rectus  muiicle.  It  ha^  imp^jrtant  surjeical 
relations,  in  adtlltioti  to  the  fact  that  it  is  one  of  ihe  principal  means,  through  iifl  unastomosis 
with  the  internal  mammary,  in  e,*^tablisbing  the  collateral  ein^ulation  alter  ligature  of  either  the 
common  or  externai  iliac  arteries.  It  lies  cloae  to  the  itjternal  abdominal  ring,  and  is  therefore 
iittrnttif  loan  oblique  inguinal  heniia,  but  Krt^yrmil  t^i  a  direct  ingnina!  hernia,  as  it  etuergee 
from  the  ahdoinen.  It  forms  the  outer  boundary  of  Hesselbach's  triangle.  It  is  in  close  rela- 
tionship with  tlie  sperniatic  cord,  which  lies  in  Iront  of  it  in  the  inguinal  canal,  separated  only 
by  the  tranwver^alis  fas<»ia.     The  vas  deterens  hooks  round  its  outer  side. 

The  Deep  Circumflex  Iliac  Artery  arises  from  the  outer  side  of  the  external 
iliac  nearly  opposite  the  epigastric  artery.  It  ascends  obliijuely  outward  behind 
Poii part's  ligament,  contained  in  a  fibrous  sheath  formed  by  the  junction  of  the 
transvensalii?  and  iliac  faseiie,  to  the  anterior  superior  sidnoits  process  of  the  ilium. 
It  then  runs  along  the  inner  surface  of  the  crest  of  the  ilium  to  about  its  middle, 
where  it  pierces  tlie  Trans vetvsalis,  and  runs  backward  between  that  muscle  and 
the  Internal  oblique,  to  anastomose  with  the  ilio-lumbar  and  gluteal  arteries. 
Opposite  the  anterior  superior  spine  of  the  ilium  it  gives  off  a  large  branch,  which 
ascends  between  the  Internal  ohlifpie  and  Trans versalis  muscles,  supplying  them, 
and  anastomosing  with  the  lumbar  and  ejdgastric  arteries. 

ARTERTES  OF  THE  LOWER  EXTREMITY, 
The  Femoral  Artery  (Fig.  376). 

The  femoral  artery  is  the  continuation  of  the  external  iliac.  It  commences 
immediately  behind  Poupart^s  ligament,  midway  between  tbe  anterior  superior 
spine  of  the  ilium  and  the  symphysis  pubis,  and,  passing  down  the  fore  part  and 
inner  side  of  the  thigh,  terminates  at  the  opening  in  the  Adductor  magnus,  at  the 
junction  of  the  midtlli?  with  the  lower  third  of  the  thigh,  where  it  becomes  the 
jjopliteal  artery.  The  vessel,  at  the  upper  part  of  thigh,  lies  a  little  internal  to 
the  head  of  the  femur;  in  the  lower  part  of  its  course,  on  the  inner  side  of  the 
shaft  of  the  bone,  and  between  these  two  parts  the  vessel  is  far  away  fmm  the  bone- 
In  the  upper  third  of  the  thigh  it  is  contained  in  a  triangular  space  called  Scarpa's 
triangle.  In  the  middle  third  of  the  thigh  it  is  contained  in  an  aponeurotic  canal 
called  Hu titer's  canal. 

Scarpa's  Triangle. — t^carpa's  triangle  corresponds  to  the  depression  seen 
immediately  below  the  fold  of  the  groin.  It  is  a  triangular  space,  the  apex  of 
which  is  directed  downward,  and  the  sides  ftjrmed  externally  by  the  Sartorius, 
internally  by  tbe  Adductor  longus,  and  above  by  Poupart*s  ligament.  The  floor  of 
the  space  is  formed  from  without  inward  by  the  Iliacus,  Psoas,  Pectineus^  a  small 
part  of  the  Adductor  brevis  and  the  Adductor  longus  muscles;  and  it  is  divided 
into  two  nearly  equal  parts  by  the  femoi^al  vessels,  which  extend  from  the  middle  of 
its  base  to  its  apex,  the  artery  giving  oft"  in  this  sitimtion  its  cutaneous  and 
profunda  branches,  the  vein  receiving  the  deep  femoral  and  internal  sajiheuous. 
On  the  outer  side  of  the  femoral  artery  is  the  anterior  crumd  nerve  dividing  into 
its  branches.  Besides  the  vessels  and  nerves,  this  space  contains  some  fat  and 
Ivmpbatics. 

Htmter's  Canal. — ^This  is  the  aponeut^otic  space  in  the  middle  third  of  the 
thigh,  extending  from  the  apex  of  Scarpa's  triangle  to  the  femoral  opening  in  the 
Adductor  magnus  muscle.  It  is  bounded,  externally,  by  the  Vastus  internus; 
postero'internally  by  the  Adductor  longUB  and  magnus  ;  and  antero-internally  by 
a  strong  aponeurosis  which  extends  transversely  from  the  Vastus  internus,  across 
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the  femoral  vessels  to  the  Adductor  longus  and  magnus  muscles,  lying  on  which 
a|)oneun».sis  is  the  Sartnrius  muscle.  It  contain.s  the  femoral  artery  and  vein 
enclosed  in  their  own  sheath  of  areolar  tissue,  the  vein  being  hehind  and  on  the 
outer  side  of  the  artery,  and  the  internal  or  long  saphenous  nerve  lying  on  the 
outer  side  of  the  vessels*. 

For  convenience  of  description,  and  also  in  reference  to  its  surgical  anatomy, 
the  femoral  artery  is  divided  into 
a  short  trunk,  about  an  inch  and 
a  half  or  two  inches  long,  which 
is  known  as  the  common  fe moral 
art  en/ ^  and  the  remainder  of  the 
vessel,  which  is  known  a^  the 
superfc/al  femtiraK  fo  distinguish 
it  from  the  deep  femoral  (pro- 
funda femoris),  which  is  a  large 
branch  given  off  from  the  com- 
mon femoral  at  its  termination, 
and  which  by  its  derivation  from 
the  parent  trunk  marks  the  com- 
mencement of  the  superficial  fem- 
oral artery. 

The  common  femoral  artery  is 
very  superficial,  being  covered 
by  the  skin  and  superficial 
fascia,  siiperficial  inguinal  lym- 
jdiatic  glands,  the  iliac  portion 
of  the  fiiscia  lata,  and  the  prolon- 
gation downward  of  the  Trans- 
versalis  fascia,  which  forms  the 
sheath  of  the  vessels.  It  has  in 
front  of  it  filaments  from  the 
crural  branch  of  the  genito- 
crural  nerve,  the  superficial  cir- 
cumflex iliac  vein,  and  occa- 
sionally the  superficial  epigastric 
vein.  It  rests  on  the  inner  mar- 
gin of  the  Psoas  muscle,  which 
separates  it  from  the  capsular 
ligament  of  the  hip-joint,  and  a 
little  lower  on  the  Pectincus 
muscle :  and  crossing  behind  it 
is  the  branch  to  the  Pectineus 
from  the  anterior  crural  nerve. 
Separating  the  artery  from  the 
Psoas  and  Pectineus  muscles  is 
the  pubic  portion  of  the  fascia 
lata  and  the  prolongation  from 
the  fascia  covering  the  Iliacus 
muscle,  which  forms  the  poste- 
rior layer  of  the  sheath  of  the 
vessels.  The  anterior  crural 
nerve  lies  about  half  an  inch  to 
the  outer  side  of  the  common 
femoral  artery*  Iving  between  the  Psoas  and  Iliacus  muscles.  To  the  inner  side 
of  the  artery  is  the  femoral  vein,  between  ihe  margins  of  the  Pectineus  and  Psoas 
muscles.  The  two  vessels  are  encb>sed  in  a  strong  fibrous  sheath  formed  by  the 
proper  sheath  of  the  vessels  strengthened  by  the  fascia  lata  (see  page  507);  the 
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Fio.  376.— Surgical  ftimt«my  of  the  femoral  artery. 
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artery   and   vein  are  separated,  however,  from   one  another  by   h   thin    fibrouf; 
partition. 

Plan  of  Relations  of  the  Common  Femoral  Artery, 

Skin  and  superfieiul  fascia, 
Su|)erfiej{il  inguinal  darids. 
Iliiii-  p^jrdiin  of  tlist^ia  lata. 
Frolfdmatiun  of  traiisv entails  faiscia. 
Cryrjil  brant^h  uf  genitn-crtiriil  nene. 
Siiiterlit'iid  dnjiimflex  iliac  vein. 
Superfifial  t  pijk%^.^trif  v^in. 


Inner  .^uJ*', 
Femural  veiiK 


Oamnioii 
Femoml 
Artery. 


Anterior  crural  nerve. 


Proloniratinn  of  ftuk-la  covering  Iliacus  miuK;le. 

Pnbie  j)ortioii  of  fascia  lata. 

Nt-rve  to  l\'elineus. 

Ps<>;is  nnLSL-le, 

IVrt incus  niuf^'le. 

Caps II If  of  hip' joint. 

The  superficial  femoral  artery  it*  only  anperficial  where  it  lie.s  in  Sciirpa's  tri- 
angle. Ilerc  it  is  covered  by  the  skin,  superficial  and  deep  fascia,  and  crossed 
by  the  internal  cutaneous  branch  of  the  anterior  crural  nerve.  In  llimter's  canal 
it  is  more  deeply  seated,  being  covered  liy  the  integument*  the  snjierficiai  and 
deep  fascijt,  the  Sartorius  and  aj)oneurotie  covering  of  Hunter's  eanaL  The 
internal  .saphenous  nerve  crosses  the  artery  from  'Aithout  inward.  Behind,  the 
artery  lies  at  its  upper  part  on  the  femoral  vein  and  the  profunda  artery  and 
vein,  which  se|>arate  it  from  the  Pectinens  muscle,  and  lower  down  on  the  Addnc- 
tor  longus  and  Adductor  magnti.s  muscles.  To  the  outer  side  is  the  long  saphe- 
nous nerve  and  the  nerve  to  the  Yastos  internus,  the  Vastus  internus  muscle, 
and,  at  its  lower  part^  the  femoral  vein.  To  the  inner  side  is  the  Adductor 
longus  above  and  the  Adductor  magnns    and  Sartorius  below* 


Plan  or  Relations  of  the  Superficia 

In  front. 
Skin,  superficia!  and  deep  fasciae. 


Femoral  Artery. 


Intemul  cutaneous  nerve. 

Sartorius. 

Aponeurotic  covering  of  Hunter's  eanal. 

Internal  saphenous  nerve. 


Inner  Me. 
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Brhhiil. 

Feumral  vein, 
Profnnd[i  an  cry  and  vein. 
Pectineus  inas<*ly. 
Addurt^^r  l<mgu8. 
Aiiductur  magnus. 


Outer  side, 

Ijonp:  saphenoag  ncr^'e. 
Nerve  to  vit.stus  inturnus. 
Vastus  interniLH. 
Femoral  vein  (below). 


^h^  femoral  imn^  at  Poupart's  ligament,  lies  close  to  the  inner  side  of  the 
artery,  separated  from  it  by  a  thin  fibrous  partition  ;  but  lower  down  it  is  behind 
it,  and  then  to  its  outer  side. 

The  internal  saphenotis  nerve  is  situated  on  the  outer  side  of  the  artery,  in  the 
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middle  third  of  the  thigh,  beneath  the  aponeurotic covenng of  Hunters  canal,  but 
not  usually  within  the  sheath  of  the  vessels.  The  internal  cutaneous  nerve  passes 
obliijuely  across  the  u[»per  part  of  the  sheath  of  the  femoral  artery. 

Feculiarities.— Double  Femoral  reuEited.—Seveml  cases  are  recorded  in  wliirh  the  feniural 
artery  divided  into  two  trunks  ii^lms  the  origin  of  the  prufunda.  anJ  becjiine  reunited  near  the 
apenmg  in  the  Adductor  ma^rnis  ^y  as  to  funu  a  single  pnpUteal  artery.  One  of  them  oeeurred 
in  a  patient  oi»enited  ufKin  for  popliteal  anenrij?!iL 

Uhange  of  Position. ^^ A  few  eases  have  been  re<'orded  in  whifh  the  femonil  artery  was 
situated  at  the  baek  of  the  thidi,  the  vessel  being  eontinuous  ab<ne  with  the  interna!  iliac, 
est^aping  from  the  pelvis  througli  the  preat  sacro-»(!iatic  foramen,  and  accompanying  the  great 
sciatic  nerve  to  tlie  popliteal  i^iiiiee,  wliere  itij  division  oeeurred  in  the  usual  manner.  The 
external  iliae  m  these  eiLses  was  ainiilL  and  terminated  in  the  profunda. 

PoBttion  of  the  Vem.^Ttie  femoral  vein  is  oct^asionaUy  placed  along  the  inner  side  of  the 
artery,  throughoiU  the  entire  extent  of  iS(*ar|ia's  triangle,  ur  it  may  be  sUt  m  that  n  large  vein  is 
placed  on  ea»di  side  <>f  the  artery  for  a  greater  or  less  extent. 

Origin  of  the  Profunda. — This  vessel  oecasionally  arises  from  the  inner  side,  and,  irjore 
rarely,  fr«>ni  the  baek  of  the  eommon  trunk:  but  the  more  important  peculiarity,  tn  a  surgical 
point  of  view,  is  that  which  reliites  to  the  height  at  which  the  ves^^el  ari.ne^i  fiv>m  the  femoral  In 
threedburths  ot*  a  large  number  of  raises  it  aro.se  between  orie  or  two  itiehes  below  Poupart's 
ligament ;  in  a  few  caries  the  dislaiice  was  less  than  an  inch  ;  more  rarely,  opposite  the  ligament ; 
and  inoneca.se.  above  Pouparts  ligaiuent,  from  the  external  iliac.  Occasionally,  the  distance 
between  the  origin  of  the  \  e.ssel  atid  Poa part's  ligament  exceeds  two  inches,  and  in  one  case  it 
was  foam]  to  he  as  much  an  l\>ur  inches. 

Surface  Marking,— The  upper  two-thirds  of  a  line  drawn  from  a  point  midway  between 
the  anterior  suiieri^>r  spine  of  the  ilium  and  the  symphysis  pubis  to  tlie  jirominent  tuberosity  on 
the  inner  condyle  of  the  femur,  with  the  thigh  abilueted  and  rotated  outward^  will  indicate  the 
course  of  the  femoral  artery. 

Surgical  Anatomy. — CfmipreaHion  of  the  femoral  artery,  which  is  const aiitly  requisite  m 
amputations  and  uther  operations  on  the  lower  limb,  andaliiofor  tbecureof  popliteal  aneurisms, 
\a  most  effectually  tnade  immcdiittely  belnw  Poupart's  ligament.  In  this  aituation  the  arterj'  is 
very  fmperfici»ib  anrl  is  merely  st'parated  tVom  the  horizonta!  mmui*  of  the  f>s  i>ubis  by  the  Pwas 
muscle  ;  so  that  the  surgeon,  by  means  of  his  thumb  or  a  ecunpn^ssor,  may  effectually  contiiil  the 
circulation  thrt>ugh  it.  This  vessel  may  also  be  compressed  in  the  middle  tliird  of  the  thigii  by 
placing  a  comi>ress  over  the  artery,  beaeaih  the  tourrji<|nct,  and  directing  the  pressure  Iruui 
within  outwarJ,  s<j  as  to  compress  the  vessel  against  the  uuier  side  of  the  shall  id'  the  femur. 

The  application  of  a  ligature  to  the  femoral  arter)-  may  be  ro()uired  in  the  cases  of 
wound  or  aneurism  of  the  arteries  of  tlie  leg,  of  the  popliteal  <jr  femoral :  *  and  the  vessel  may 
be  exposed  and  tied  in  any  part  of  its  eiiiu'se.  The  greitt  depth  of  this  vessel  at  its  lower  part, 
ita  close  connection  with  important  structures,  and  the  density  of  its  sheath  retider  the  ojiera- 
tion  in  this  situation  one  of  much  greater  difficulty  thati  the  appliciition  of  a  ligature  at  its  upper 
part,  where  it  is  more  superficial 

Ligature  of  the  common  femoral  artery  is  usually  considered  unsafe,  on  aecotmt  of  the  con- 
nection of  large  bninches  with  it^ — viz.  the  deep  ef>igastrie  and  the  deep  cirtumflex  iliac  aris^ing 
just  above  Poupart's  ligament ;  on  tw^count  of  the  number  f>f  small  hnmches  which  arise  from 
it  in  its  s^bort  course  ;  and  un  account  yf  the  uncertainty  of  the  origin  of  the  profunda  feujoris, 
which,  if  it  ims«:*  high  up,  would  be  too  close  tn  the  ligature  tor  the  fbnaation  uf  a  finn  coagu- 
lum.  The  profunda  somtjtimes  arises  higher  than  the  point  above  mentioned,  and  rarely  between 
twr*  or  three  inches  i  in  one  case  fourf  below  Pouptut's  ligament.  It  would  iipj)ear,  then,  tliat 
the  most  favorable  situation  for  the  apljlication  of  a  ligature  t<>  the  feinural  is  between  four  and 
five  inches  from  its  point  of  origin.  In  onier  to  expose  the  artery  in  this  situation,  an  incision 
between  two  and  three  inches  long  should  he  niade  in  the  course  of  the  vessel,  the  j>atient  lying 
in  the  reeuml>ent  position,  with  tlie  htub  slightly  flexed  and  abducted.  A  large  vein  is  fre<iuenely  ] 
met  with,  passing  in  the  course  of  the  arter\'  to  join  the  saphena :  this  mast  be  avoideu,  atid, 
the  fascia  lat^i  having  t>een  cautiously  divided  and  tlie  Sartorins  exnoseil,  that  muscle  must  lie 
drawn  outward  in  order  to  fully  expose  the  sheath  of  the  vcAsi^ils.  The  finpier  being  introduced 
into  the  wound  and  the  pulsatitai  of  the  iirtery  felt,  llie  sheath  shoidd  be  opened  on  tlie  outer 
aide  of  ilie  veswel  to  a  sufficient  extent  to  allow  of  the  introduetinn  of  the  ligature,  but  no  farther; 
otherwise  the  nutrition  of  the  coats  of  the  vesstd  may  be  itiferiered  with,  or  muscular  bninchoa 
which  arise  firom  the  vessid  at  irregular  intervals  may  be  dividetf  Iti  this  part  tyf  tlie  operation  I 
the  long  saphenous  nerve  and  the  nerve  to  the  Vastus  intenms,  which  is  in  close  relalion  with 
the  sheath,  should  be  avoidt^.  The  aneuri.sm  needle  nuist  h%  carefully  introduced  and  kept 
close  to  the  artery ^  to  avoid  the  femoral  veui,  which  lies  behind  the  vessel  in  this  part  of  da 
course. 

To  expose  the  artery,  in  Hunter's  eanal,  nn  incision  should  be  made  through  theintegiuuent, 
between  three  and  four  inches  in  length,  a  finger  s  breadth  internal  to  the  line  of  the  artety,  in 
the  middle  of  the  thigh— i.  e.  midwav  between  the  groin  and  the  knee.  The  faseia  kta  having 
been  divided  and  the  Sartorius  muscle  exposed,  it  shoidd  be  drawn  inward,  when  the  strong 

*  Ligature  of  the  femoral  artery  hus  been  also  recommendwi  and  performed  for  elephantjuBLs  of 
the  leg  and  siciUe  inflammntion  of  uia  knee-joint  (Maunder,  Clin.  SfX..  TrttM.j  vol  ii,  p.  37). 
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fascia  wliicli  Is  stretched  across  from  the  Adductors  to  the  Vastus  intern  us  will  be  exposed,  and 
must  be  freely  divided :  the  sheath  n\'  tlie  vesseln  m  now  seen,  arid  must  be  opened,  and  the 
arten-  secured  by  passins:  tlie  aneiirisrtj  rjeedle  l>etween  the  vein  and  artery  ifi  the  direction  trou* 
without  inward.  Tiie  tomi*nd  vein  in  this  situation  lies  on  the  outer  side  of  the  artery,  the  long 
saphenoibi  nerve  uu  it.s  anterior  and  outer  «itle. 

It  ha^  been  seeu  that  the  femoral  artery  (wensioually  divides  into  two  trunks  Ixdow  tlie  ong^in 
of  the  profundii.  If  in  the  operation  tor  lying  the  femnral  two  vessels  are  ujct  with,  the  surireon 
should  alternately  eoinores'!?  tnieb,  in  order  to  m?4'ertain  whieh  vessel  is  eoruii'eted  with  the 
imeurisuial  tumor  or  witn  the  bleedini!;  frtJin  the  wtmnd,  and  that  one  only  should  lie  tied  which 
eufitr*>ls  the  pulsation  or  hajmorrbage*  If.  however,  it  is  nceessary  to  compress  botli  vessels 
h^fon*  the  eiroulat!<jn  in  the  tumor  is  eontrolled,  Ixrth  shoubl  l>e  tied,  as  it  wouhI  be  probable  that 
they  became  renniteih  i\a  in  the  instanees  refem^d  to  alxive. 

In  wounds  oi  the  femoral  arterj'^  the  tjuestion  of  the  mode  of  treatment  is  of  considerable 
iraportjinee.  It'  the  wound  in  the  superficial  structures  is  a  large  one,  the  injured  ve^^sel  must 
be  exjiosed  and  tied  ;  but  if  the  wound  is  a  punctured  on «  and  the  bleeilinv^  bius  ceased,  the 
question  will  urise  whether  to  cut  down  tipoii  the  arter>^  or  to  trust  to  pressure.  Mr.  Crin]:>s ' 
advises  that  if  the  wt*ujid  is  in  the  ''  upptr  part  of  the  thigh — that  is  to  say,  in  a p<isition  wnere 
the  feujond  tirt<*ry  is  eomparativelv  superticial — the  surgeon  may  enlarge  the  opening  with  a 
pood  prospect  of  finding  the  wounded  vessel  without  an  exteusivt^  or  prolonged  operation.  If 
the  woHut]  \n}  ill  I  he  lower  half  of  the  thigh,  owing  to  the  greater  depth  of  the  arterj-  and  the 
possibility  of  its  being  the  popliteal  that  is  wouiidcil,  the  sear«di  is  rendered  a  far  more  severe 
and  hazardous  openitiouj  and  it  should  not  be  undertaken  muil  a  thorough  trial  of  pressure  has 
prt J ved  i  I  le  fl"et*t  u  ab  " 

<lreat  eun-  and  attention  are  necessar>^  for  tlie  successful  aj»j)lication  of  ]iressure.  The  limb 
should  be  ciire fully  bandaged  from  the  tb<:»t  upward  to  the  wouimI  which  is  mni  covered,  and  then 
onward  to  the  groin.  The  wound  is  tlien  dusted  with  iodofonn  or  boracic  pow^ier  and  a  coniciil 
pad  applied  over  the  w^anid.  Rollers  the  thickness  of  the  index  finger  are  tbt'u  placed  along 
the  eouree  of  the  vessel  above  and  below  the  wound,  and  the  whole  carefully  bandaged  to  a  back 
splint  with  a  foot- piece. 

Collateral  Circulatioii. — When  the  common  femoral  is  tied  the  main  channels  for  carrying 
on  the  ctnMdalion  /ire  the  anastriuioscs  of  the  gluteal  and  circumfiex  iliac  arteries  alwve  with  the 
external  circumflex  bi4ow ;  of  the  obturator  and  s^/iatlc  above  with  the  internal  circumflex  below ; 
and  of  tlie  comes  nervi  ischiadici  with  tlie  arteries  in  the  hani. 

The  principal  agents  in  carry iug  on  the  collateral  circulation  afler  ligature  of  the  superficial 
femoral  artery  are,  aeconJing  to  f>ir  A.  Cooper,  as  follows  : 

*'The  su^eria  profunda  formed  the  new  channel  for  the  blood."  ^'The  first  artery  sent  off 
passed  down  close  tu  the  back  of  the  thigh-Ume,  and  entered  tlic  two  superior  articular  branches 
of  the  popliteal  artery,  '  _ 

*'The  second  new  large  vesseh  arising  from  the  profunda  at  the  same  ]nirt  with  the  former, 
passed  down  by  the  inner  side  of  the  Biceps  muscle  ti»  a  brunch  of  the  popliteal  which  was  dis- 
iributed  to  the  ftastrocnemius  muscle;  whilst  a  third  arter>%  dividinjGr  into  several  branches, 
pjiSiicd  down  with  the  sciatic  nerve  behind  t!ie  knee-joint,  and  s<jme  of  its  branches  united  them- 
selves with  the  inferior  articular  arteries  of  the  poi>liteaL  with  some  reexirrent  branches  of  tho*se 
arteries,  with  arteries  jitissiug  to  the  tiastrocnemii,  and,  lastly,  with  the  origin  of  the  anterior 
and  posterior  tibial  arteries. 

'*  It  appears^  then,  that  it  is  those  branches  of  the  profunda  which  aceompany  the  sciatic 
nerve  tliat  are  the  principal  supi)orters  of  the  new  emulation. "  '^ 

In  Porta' s  work  ^  (tab,  xii.,  xiiij  is  a  good  representation  i*f  the  collateral  circulation  after 
the  ligature  of  the  femond  artery.  The  patient  had  survived  the  ot>eration  three  years.  The 
lowt;r  part  of  the  artery  is  at  least  as  large  as  the  upper ;  about  two  inches  of  the  vessc^l  appear 
ki  have  been  obliterated*  The  external  and  internal  circumfiex  arteries  arc  seen  anastomosing 
by  a  great  mnubcr  of  branches  with  the  iower  bnmches  of  the  femoral  (muscular  and  anasto- 
niotica  magna)  and  with  the  articular  hrauches  of  the  pi^pliteal  The  branches  from  the 
external  cirt-umilex  are  estrcrmely  large  and  numerous.  One  very  distinct  anji:^ti*mosis  can  be 
trailed  l>etweeu  this  artery  on  the  outside  and  the  amistomotica  magna  aw  tht^  inside  through  the 
intervention  of  the  superior  external  articidar  artery,  with  which  they  bnth  anastomose;  and 
bltpod  reaehes  even  the  anterior  tibial  recurrent  tru^m  the  external  cin*umficx^  by  means  of 
anastomosis  with  the  same  external  articular  artery.  The  perforating  branches  of  the  wofunda 
are  als*j  seen  bringing  bliwd  rouiul  the  obliterated  portion  of  the  artt^ry  into  long  oranches 
(muscular]  which  have  been  given  ofTjust  Wlow  that  portion.  The  termination  of  the  profunda 
itaelf  anaatomoses  most  freely  with  the  suijerior  external  articular.  A  long  branch  of  anasto- 
luosis  is  also  traced  di»wn  from  the  intenial  iliac  by  means  of  the  eomcs  nervi  is(*hiadici  of  the 
sciatic,  which  aniLstomoses  on  the  popliteal  nerves  with  branches  from  the  jK>iilitealand  nosterior 
tibial  arteries.  lu  this  nu^>  the  anastomosis  bad  been  too  free,  since  the  pulsation  ano  growth 
of  the  aneurism  recurred,  and  the  patieut  diol  after  ligature  of  the  external  iliac, 

Thert>  is  an  interest  iug  preparativai  in  iIk'  Museum  td'  the  Royal  t'ollcge  «d'  Surgeons  of  a 
limb  on  which  dohn  Hunter  had  tied  the  feinond  artrrj'  fitly  years  bcfbre  the  patient's  death. 
The  wliole  of  the  sujierficial  femoral  and  popliteal  artery  seems  to  have  Ijeen  obliterated,     Tlie 


^  Heath's  Dtetionarif  of  Praciiml  Surtjery,  vol. 
*  j\fei!.'Chir.  Ti'nns.,VQl  iL  1811. 
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anaatomosb  by  means  of  the  com  eg  nervi  ischiadic^  which  is  shown  in  Porta 's  plate,  is  dtstincdy 
fA!^n :  the  extcniul  circuinficx  uikI  the  tenuiTJiitioti  of  the  profiimia  artery',  seein  to  have  been 
the  chief  eh iinn els  of  anaatoinu^is ;  hut  the  injection  h«^  not  been  a  verj"  smx-essfiil  one. 

Branches. ^T he  branches  of  the  femoral  artery  are — the 

Superficial  Epigastric.  j  External  Circumflex. 

Superficial  Circumflex  Iliac.  Profonda*.  Internal  Circumflex. 

So|»erficial  External  Pudic.  (Three  Perforating, 

Deep  External  Pudic,  Muscular. 

Anaatomotica  Magna. 

The  superficial  epigastric  arises  from  the  femoral  about  half  an  inch  below  Poii- 
part*s  ligamenl,  and,  passing  through  the  saphenous  opening  in  the  fascia  lata, 
ascends  on  the  abdomen,  in  the  superficial  fascia  covering  the  External  oblique 
muscle,  nearly  as  high  as  the  umbilicus.  It  distribntes  blanches  to  the  superficial 
inguinal  glands,  the  superficial  fascia,  and  the  integument,  anastomosing  with 
branches  of  the  deep  epigastric. 

The  superficial  circumfiei  Hiac,  the  smallest  of  the  cutaneous  branches,  arisea 
close  to  the  preceding,  and,  piercing  the  fascia  lata,  runs  outward,  parallel  with 
Poupart  s  ligament,  as  far  as  the  crest  of  the  ilium,  dividing  into  branches  which 
supply  the  integument  of  the  groin,  the  superficial  fascia,  and  the  superficial  ingui- 
nal lymphatic  glands,  anastomosing  with  the  circumflex  iliac  and  with  the  gluteal 
and  external  circumflex  arteries. 

The  superficial  ertemal  pudic  (superior)  arises  from  the  inner  side  of  the  femoral 
artery,  close  to  the  preceding  vessels,  and,  after  passing  through  the  saphenous 
opening,  courses  inward,  across  the  spermatic  cord  or  round  ligament,  to  be  dis- 
tributed  to  the  mtcgumcnt  on  the  h>wer  part  of  the  abdomen,  the  penis  and  scro- 
tum in  the  male,  and  the  labium  iu  the  female,  anastomosing  with  branches  of  the 
internal  pudic. 

The  deep  external  pudic  (inferior),  more  deeply  seated  than  the  preceding, 
passes  inward  on  the  Pectineus  muscle,  covered  by  the  fascia  lata,  which  it  pierces 
at  the  inner  border  of  the  thigh,  its  branches  being  distributed,  in  the  male,  to  the 
integument  of  the  scrotum  and  perinieum  ;  and  in  the  female,  to  the  labium^  anas- 
tomosing with  branches  of  the  superficial  perineal  artery. 

The  Profunda  Femoris  [thep  fi moral  arten/)  nearly  equals  the  size  of  the 
superficial  fetnoral.  It  arises  from  the  outer  and  back  part  of  the  femoral  artery, 
from  one  to  two  inches  below  Poujyart*8  ligament.  It  at  fii*st  lies  on  the  outer  side 
of  the  su[)erfieial  femoral,  and  then  passes  behind  it  and  the  femoral  vein  to  the 
inner  side  of  the  femur^  and,  passing  downward  beneath  the  Adductor  longus, 
terminates  at  the  lower  third  of  the  thigh  in  a  small  branch  which  pieices  the 
Adductor  magnus  (and  from  this  circumstance  is  sometimes  called  the  fourth 
perforating  artery),  and  is  distributed  to  the  flexor  muscles  on  the  back  of  the 
thigh,  anastomr»sing  with  branches  of  the  popliteal  and  inferior  perforating 
arteries. 

Relations. ^ — Behtnd^  it  lies  first  upon  the  Iliacus.  and  then  on  the  Peetineus, 
Adductor  brevis,  and  Adductor  magnus  muscles.  In  fronts  it  is  separated  from 
the  femoral  artery,  above  by  the  femoral  and  profunda  veins,  and  below  by  the 
Adductor  longus.  On  its  outtr  side  the  origin  of  the  Vastus  internus  separates  it 
from  the  femur. 


636  THE   ARTERIES. 

Plan  of  the  Relations  of  the  Profunda  AiiTErtv, 

In  /roiif. 
Femnral  and  Pnifiiiida  vet  us. 
Adrluctor  lonijus. 

Older  xide. 
Vastus  internuB. 


Belli  ad. 
Iliacus. 
Pectineus. 
AddQcAor  brevia 
A<liluctor  ma^'nus. 

The  External  Circmnftex  Artery  sMpjtlies  the  muscles  on  the  front  of  the  thigh. 
It  arises  from  the  outer  aide  of  the  profunda,  pase^es  horizontally  outward^  between 
the  divisions  of  the  anterior  crtiral  nerve  and  behind  the  Sartonus  and  Rectus! 
museles,  and  divides  into  three  sets  of  branches — ascending,  transverse,  and 
descend  inc^. 

Tlie  ascending  brandies  pass  upward,  heneath  the  Tensor  vaginae  femoris 
niusele,  to  the  outer  side  of  the  hip,  anastomosing  with  the  terminal  branches  of 
the  gluteal  and  ei  re  urn  Hex   iliac  arteries. 

The  descending  branches,  three  or  four  in  number,  pass  downward,  behind  the 
Rectus,  upon  the  Viksti  muscles,  to  which  they  are  distributed,  <me  or  two  passing 
bcDeath  the  Vastus  externiis  as  far  as  the  knee,  anastomosing  with  the  superior 
articular  branches  of  the  popliteal  artery.  These  are  accompanied  by  the  branch 
of  the  anterior  crural  nerve  to  the  Vastus  externiis* 

The  transverse  branches,  the  smallest  and  least  numerous,  pass  outward  over 
the  Crureus,  pierce  the  Vastus  externus,  and  wind  rountl  the  femur  to  its  back 
part,  just  below  the  great  trochanter,  anastomosing  at  the  back  of  the  thigh  with 
the  internal   circundlex,   sciatic,   and  superior  fierforaling  arteries. 

Tlie  Internal  Circninlex  Artery,  smaller  than  the  exteroah  arises  from  the  inner 
and  back  part  of  the  profunda,  and  winds  round  the  inner  side  of  the  femur, 
between  the  Pectineus  and  Psoas  muscies.  Un  reaching  the  upjier  border  of  the 
Adductfir  brevis  it  gives  off  two  branches,  one  of  which  jiasses  inward  to  be  dis- 
tributed to  the  Adductor  muscles,  the  Gracilis,  and  Obturator  externus,  anasto- 
mosing with  the  obturator  artery;  the  other  descends,  and  passes  beneath  the 
Adductor  brevis,  to  sui^ply  it  and  the  great  Adductor;  while  tlie  continuatifm  of 
the  vessel  passes  backward,  between  the  Quadratus  femoris  and  upper  border  of 
the  Adductor  magnus,  anastomosing  with  the  sciatic,  external  circumHex,  and 
superior  perforating  arteries  {/''  the  erueml  a}ta»Uimom»  **).  Opposite  the  hip-joint 
this  branch  gives  off  an  articular  vessel,  which  enters  the  joint  beneath  the  trans- 
verse  ligament,  and,  after  suiiplying  the  adipose  tissue,  passes  along  the  r<»und 
ligament  to  the  heJid  of  the  bone. 

The  Perforating  Arteries  (Fig.  37f>)t  usually  three  in  number,  are  so  called  from 
their  perforating  the  tendon  of  the  Adductor  magnus  muscle  to  reach  the  back  of 
the  thigh.  The  first  is  given  off  above  the  Adductor  brevis,  the  second  in  front 
of  that  muscle,   and  the  third  immediately  below  it. 

The  first  or  superior  perforating  artery  passes  backward  between  the  Pectineus 
and  Adductor  brevis  (sometimes  jierforates  the  latter);  it  then  pierces  the  Adductor 
magnus  chise  to  the  linea  aspera,  nnd  divides  into  branches  which  supply  the 
Adductor  brevis,  the  Adductor  magnus,  the  Biceps,  and  Gluteus  maxim  us  muscles, 
auastomosing  with  the  sciatic,  internal  and  external  circumflex,  and  middle  per- 
forating arteries. 

The  second  or  middle  perforating  artery,  larger  than  the  first,  pierces  the 
tendons  of  the  Adductor  bievis  and  Adductor  magnus  muscles,  and  divides  into 
ascending  and  descending  branches,  which  supply  the  flexor  muscles  of  the  thigh. 
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AQlistomoain^  with  the  superior  and  inferior  perfomting.  The  nutrient  artery  of  the 
femur  is  usually  fjivtm  off'  from  this  branch. 

The  third  or  inferior  perforating  artery  is  giveo  off  beh>w  the  Adductor  brevis; 
it  pierces  the  Adductor  magnus,  jind  divides  into  branches  which  supply  the  flexor 
muscles  of  the  thigh,  anastomosing  above  with  the  perforating  arteries,  and  below 
with  the  terminal  branches  uf  tlie  profunda  and  the  muscular  branches  of  the 
poj)liteal. 

Muscular  branckes  are  given  off  from  the  superficial  femoral  throughout  its 
entire  course.  They  vary  from  two  to  seven  in  number,  and  supply  chiefly  the 
Sartorius  an<l   Vastus  internus. 

The  Anastomotica  Magna  arises  from  the  femoral  artery  just  before  it  passes 
through  the  tendinous  opening  in  the  Adductor  magnus  muscle,  and  divides  into  a 
superficisil  and  deep  branch. 

The  superficial  branch  acconifianiea  the  long  saphenous  nerve  beneath  the 
Sartorius.  and,   piercing  the  ffiscia  lata,  is  distributed  to  the  integument. 

The  deep  branch  descends  in  the  substance  of  the  Vastus  internus,  lying  in 
front  of  the  tendon  of  the  Adductor  magnus,  to  the  inner  side  of  the  knee,  where  it 
anastomoses  with  the  superior  internal  articular  artery  and  anterior  recurrent 
braTirh  of  the  anterior  tibial,  A  braiicli  from  this  vessel  crosses  outward  above 
the  articular  surface  of  the  femur,  forming  an  anastomotic  arch  with  the  superior 
external  articular  artery,  and  supplies  branches  to  the  knee-joint. 

Popliteal  Artery, 

The  popliteal  artery  commences  at  the  termination  of  the  fem{>ral  at  the 
opening  in  the  Adductor  magnus,  and,  passing  obliijuely  downward  and  outward 
behind  the  knee-joint  to  the  lower  border  of  the  Popliteus  muscle,  divides  into 
the  fiHterwt  ami  paHterhr  tibml  *trt€ries,  A  portion  of  the  artery  lies  in  the 
popliteal  sjKice  ;  but  above,  to  a  slight  extent,  aufl  below,  to  a  considerable  extent, 
it  is  covered  by  the  muscles  which  form  the  boundaries  of  the  space,  and  is  therefore 
bevond  the  confines  itf  the  hollow. 


THE  POPLITEAL  SPACE   (Fig.  377). 

Dissection, — A  vertical  iru'isiou  about  ei^lit  intlies  in  leu/c^th  should  l}e  made  along  the 
bm-k  part  of  the  knce-jiiirit,  connect tid  alMiv*^  and  IilIow  by  a  transverse  incision  from  the  mner 
to  the  outer  side  of  the  limb.  The  iiajpH  ut"  integument  induded  hetweeti  these  incisions  should 
bo  refleeted  in  the,  direction  shown  tn  Fig.  328,  page  514. 

Boundaries, — -The  popliteal  space  is  lozenge-shaped,  widest  at  the  back  part  of 
the  knee-joint.  It  i.s  boumled  externally,  above  the  joint,  by  the  Bleeps,  and, 
helow  the  joint,  by  the  l^lantaris  and  external  bead  of  the  ttastroenemiua  ;  in- 
ternally^ above  the  joint,  by  the  Peniimemhranosus  and  Semitendinosiis,  the  latter, 
however,  lying  on  {pmterior  to)  the  former,  whose  ed(^e  h  the  real  boinidary :  helow 
the  joint,  by  the  inner  head  of  the  Gastroeneiurii^. 

Above,  it  is  limited  by  the  appositi<»n  of  the  inner  and  outer  hamstring 
iiitiselos :  beb»w,  hv  the  junction  of  the  two  heads  of  the  Gastrocnemius. 
The  floor  is  formed  hy  the  lower  part  of  the  posterior  surface  of  the  shaft  of 
the  fenaur,  the  posterior  ligament  of  the  knee-joint,  the  upper  end  of  the  tibia, 
and  the  fascia  covering  the  Popliteus  muscle,  and  the  space  is  covered  in  by  the 
fascia  lata. 

Contents. — It  contains  the  popliteal  vessels  and  their  branches,  together  with 
the  terttiination  of  the  external  saphenmis  vein,  the  interna!  and  external  popliteal 
nerves  and  some  of  their  branches,  the  lower  extremity  of  the  small  sciatic  nerve, 
the  articular  branch  from  the  obturator  nerve,  a  few  small  lymphatic  glands,  and 
a  consiflerable  (puintity  of  loose  adifiose  tissue. 

Position  of  Contained  Farts. — The  internal  popliteal  nerve  descends  in  the 
middle  line  of  the  space,  lying  superficial  and  ci\>ssing  the  artery  from  without 
inward.     The  external  popliteal  nerve   descends  on  the  outer  aide  of  the  space. 
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lying  close  to  the  tendon  of  the  Biceps  muscle.  More  deeply  at  the  bottom  of  the 
space  are  the  popliteal  vessels^  the  vein  lying  superficial  and  a  little  external  to  the 
artery,  to  wLtch  it  is  closel\^  united  by  dense  areolar  tissue;  sometimes  the  vein 
is  placed  on  the  inner  instead  of  the  outer  side  of  the  artery  ;  or  the  vein  may  be 
double,  the  artery  lying  between  the  two  venue  comites,  which  are  usually  connected 
by  short  transverse  branches.  More  deeply,  and,  at  its  upper  part,  close  to  the 
surface  of  the  bone,  is  the  popliteal  artery,  and  passing  off  from  it  at  right  angles 
are  its  articular  branches.  The  articular  branch  from  the  obturator  nerve  descends 
upon  the  popliteal  artery  to  supply  the  knee,  and  occasionally  there  is  found  <leep 
in  the  space  an  articular  filament  from  the  great  sciatic  nerve.  The  po]*liteal 
lymphatic  glands,  four  or  five  in  number,  are  found  surrounding  the  artery :  one  ' 
usually  lies  superficial  to  the  vessel ;  another  is  situated  between  it  and  the  bone, 
and  the  rest  are  placed  on  either  side  of  it. 

The  Popliteal  Artery,  in  its  course  downward  from  the  aperture  in  the  Adductor 
magnus  to  the  lower  border  of  the  Popliteus  muscle,  rests  first  on  the  inner  surface 
of  the  femur,  and  is  then  separated  by  a  little  fat  from  the  hollowed  popliteal 
surface  of  the  bone;  in  the  middle  of  its  course  it  rests  on  the  posterior  ligament 
of  the  knee-joint,  and  below  on  the  fascia  covering  the  Popliteus  muscle*  Super- 
ficiallf/^  it  is  covered  above  by  the  Semimembranosus  ;  in  the  middle  of  its  course, 
by  a  (piantity  of  fat,  which  se|iarates  it  from  the  deep  ItiJscia  and  integument;  and 
below  it  is  overlapped  by  the  Gastrocnemius,  Plantaris,  and  ^>rileus  muscles,  the 
popliteal  vein,  and  the  internal  popliteal  nerve.  The  popliteal  vein,  which  is 
intimately  attached  to  the  artery,  lies  superficial  and  external  to  it  until  near  tbe 
termination  of  tbe  artery,  when  the  vein  crosses  it  and  lies  to  its  inner  side.  Tbe 
internal  popliteal  nerve  is  still  more  superficial  and  external  above»  but  below  the 
joint  it  crosses  the  urtery  and  lies  on  its  inner  side.  Laierafft/^  the  artery  is 
bounded  by  the  muscles  which  aru  situated  on  either  side  of  the  popliteal  space. 

Plan  of  Relations  of  Popliteal  Auteky. 

In  front. 

Femur. 

Ligamcntuai  posticum. 

Popliteus. 


Inner  side. 
SemiiiM*mbmnosus. 
In  tern  ill  condyle. 
GflJitriK'neauws  (inner  head). 
Intenial  popUteal  nerve  (below). 


Oithr  8ti(f. 
Biceps. 

( hiter  condyle. 
(Ttii^truencniius  (imti*r  bend). 
Pliiiitaris. 
Intcnml  popliteal  nerve  (above). 


Sem  i  m  em  bra  nosns. 
Fascia. 
•  Popliteal  vein. 

Internal  popliteal  nerve. 

(jrastrocneniuis. 

Plantaris. 

Saleu& 

IPeculiarities  in  Point  of  Division. —Occasionally  tbe  popliteal  artery  divides  prematurely 
into  its  ttTniiind  Lrciiiclies;  this  unn?5ual  division  occurs  most  frequently  opposite  the  knee-joint. 

Unusual  Branches. — The  artery  wjuietimes  divides  into  tbe  anterior  tibial  and  i>eriKieal, 
the  p<>Hterior  libra!  k-in^' wanting*  or  very  small.  Occasionally  the  poplkeal  i»  found  to  divide 
mUi  tlu^ee  limnehes,  the  anterior  and  posterior  tibiid  and  percjneal. 

Surface  Marking,— Tlie  eonrse  of  the  upt>er  i>art  of  the  popliteal  arterj'  is  indioated  by 
alinedniwn  from  the  outer  bonier  of  the  SeniinjomhranosnH  uHLHile  at  the  jimetion  of  t lie 
middle  and  lower  f  liir<l  oi'  the  thiixh  obliqiiely  <lownwari:l  to  the  iniddle  of  the  popliteal  space, 
eim^lly  heldnd  the  knee-JoinL  From  this  jHjint  it  passes  vertically  downward  to  the  level  of  a 
line  drawn  llinnitdi  the  lower  part  of  the  tuU'rcle  of  the  tihia. 

Snigical  Anatomy. — The  popliteal  artery  h  not  infre^^tiently  tbe  seat  of  injnn\  It  may  be 
torn  by  direct  violence,  as  by  tlie  passajL'e  of  a  cart-wheel  over  the  knee  or  by  hyper-extension  of 
the  knee;  and  in  tbe  dead  bodyt  at  idl  events,  tbe  middle  and  internal  coat*  may  be  rupturetl  by 
extreme  flexion.     It  mil)'  also  be  laeemted  hy  fracture  of  the  lower  part  of  the  shaft  of  tbe 
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femur  or  by  ant ero- poster! ur  cii.sI<x*iition  of  the  knce-jairit  It  has  been  torn  in  brciiking  down 
adhesions  in  cuses  of  fibnms  ankylosis  of  \\\e  knee,  iind  is  in  danger  of  beintr  wounded,  and  in 
fact  has  i>een  wounded,  in  perforin in^^  Maee wen's  operation  of  osteotomy  of  the  lower  en<]  of  the 
femur  for  penu  val^iu.  In  addition,  Spencer  recortk  a  ease  in  whieh  the  popliteal  arter>'  was 
wounded  from  in  front  by  a  stab  just  below  tlie  knee,  tlie  knife  passing  throuv;b  the  inierosiieouii 
spaee.  The  popliteal  arter>Ms  more  freciuenily  the  seat  of  aneurism  than  is  any  other  artery 
in  the  body,  with  the  exeeptiiin  of  the  thoracic  aorta.  This  is  due  no  doubt,  in  a  great 
measure  to  the  iimuunt  of  movement  to  which  it  is  subjected^  and  to  the  fact  that  it  i&  supiK)rted 
by  kM>se  and  lax  tissue  only,  and  not  by  niuselas,  as  is  the  ease  with  most  artjcries. 

Ligature  of  tlic  popliteal  artery  is  rec^ui red  in  cases  of  wound  of  that  vessel,  but  for  aneurism 
of  the  posterior  tibial  it  is  preferable  to  tie  the  supertieial  femoral  The  popliteal  may  l>e  tied 
in  the  uftper  or  lower  part  of  its  course  ;  but  in  the  middle  of  the  ham  the  operation  is  attended 
with  considerable  difficulty*  from  the  great  depth  of  the  artery  and  from  the  ejttreme  dcirree  of 
tension  of  the  lateral  bonndarics  of  the  space. 

In  order  to  expose  the  vessel  in  the  upper  part  of  its  conrsethe  patient  should  be  r>laced  in 
the  prone  position,  with  the  Iind)  extcniied.  An  indsion  about  three  inches  in  lenj^tli  should 
then  be  made  thpjujLih  the  integument,  alon^*:  the  iMisterior  margin  of  the  Semimembranosus, 
and,  the  faseia  hita  having  been  dnidcd,  this  musi^le  must  l>c  drawn  inward.  The  internal  j>op- 
litcal  ner^e  will  be  first  exjxised.  lying  verj^  snperfieial  and  external  to  the  artery;  beneath  this 
will  be  seen  the  popliteal  vein,  and,  still  deeper  and  to  its  inner  side,  the  artery.  The  vein  and 
nerve  nnist  be  cautiowsly  sejiarated  from  the  arterj%  and  the  aneurism  needle  passed  around  tlie 
vessel  from  without  inward. 

To  expose  the  vessel  in  the  lower  part  of  its  comrse,  where  tbe  arteiy  lies  between  the  two 
heads  of  the  tiastrocnemius,  the  patient  should  be  platted  in  the  same  position  as  in  the  preceding 
operation-  An  incision  shoulfJ  then  he  made  through  the  integument  in  the  middle  line,  com- 
mencing opposite  the  bend  of  the  knee-joint^  care  being  taken  to  avoid  the  external  sai>berious 
vein  and  nerve.  Alter  dividing  the  deep  fascia  and  separating  some  dense  cellular  membrane, 
the  arter>',  vein,  and  nerve  will  be  exposed,  descending  c)et  we  en  the  two  heads  of  the  Gastrocne- 
mius. Some  mnscnkr  branches  of  the  noplitcal  should  be  avoideil  if  j)ossib!e»  or,  if  divided,  tied 
immediately.  The  leg  being  now  flexed,  in  order  the  more  effectually  to  separate  the  two  heads 
of  the  Giastrocnemius  the  nerve  should  be  drawn  inward  and  the  vein  outward,  and  the 
aneurism  needle  passed  Ijetween  the  artery*  and  vein  from  without  inw^anh 

In  cases  where  the  arter>^  has  been  wonnded  dnring  an  osteotomy  of  the  lower  end  of  the 
femur  it  wuuld  be  must  conveniently  securetl  from  the  front  at  the  inner  side  of  the  thigh,  The 
knee  is  flexed  and  the  limb  placed  on  its  outer  side.  An  incision,  three  inches  long,  is  made 
parallel  to  and  ini  mediately  Miind  the  ten«lon  of  the  Adductor  magnus  Imm  the  junction  of  the 
middle  and  luwer  third  of  the  thigh.  Skin,  supcrfieial  and  deep  fiiacia  are  to  h^  divided,  care 
bein^  taken  of  the  intenial  stinhenous  vein  ;  the  Adductor  magnus  is  to  be  drawn  forward  and 
the  inner  hamstring  ti-ndons  nackwan],  and  the  artery  wall  Ix'  found  snrrounded  by  fat.  The 
nerve  and  vciii  arc  usually  not  seen,  as  they  lie  to  the  outer  side  of  the  arter)^ 


The  branches  of  the  popliteal  artery  are— the 

Superior  rritereal  Articular. 
Azvsios  Articiilar, 


Ml       f  Superior. 

(  Inlerior  or  ^ural. 


Cutaneous* 

Superior  External  Articular. 


Inferior  External  Articular. 
Inferior  Internal  Articular. 


The  superior  muscular  brandies,  two  or  three  in  nutuber,  arise  from  the  upper 
part  of  the  po|iHteal  urterv,  and  are  distributed  to  the  Vastus  externus  and  flexor 
muscles  of  the  thitrh^  auastoinosing  with  the  inferior  f>erforating  and  terminal 
branches  of  the  profunda. 

The  inferior  muscular  (aural)  are  two  large  branches  which  are  distributed  to 
the  two  heads  of  the  (Tastroeocmius  and  to  the  Plan taris  muscle*  They  arise  from 
the  popliteal  artery  opposite  the  knee-joint. 

Cutaneous  branches  descend  on  each  iside  and  in  the  middle  of  the  limb,  between 
the  Oastrocnemius  and  integnment ;  they  arjt?e  geparately  fntm  tiie  popliteal  artei-y 
or  from  some  of  its  branches,  and  su])jdy  the  integument  of  the  calf. 

The  superior  articular  arteries,  two  in  number,  arise  one  on  each  side  of  the 
popliteal,  and  wind  round  the  femur  immediately  above  its  condyles  to  the  front 
of  the  knee-joint.  The  internal  hnujch  passes  beneath  the  tendon  of  the  Adductor 
magntis,  and  divides  into  two,  one  of  whieh  supplies  the  Vastus  internus,  inoscu- 
lating with  the  anastomotica  magna  and  inferior  internal  articular;  the  other 
ramifies  close  to  the  surface  of  the  femui%  supplying  it  and  tlie  knee-joint,  and 
anastomosing  with  the  superior  external  articular  artery.  The  extermtl  brmivh 
passes  above  the  outer  condyle^  beneath  the  tendon  of  the  Biceps,  and  divides  into 


Fig.  377:— The  iM.»plileiil,  poBlerior  tibial,  and 
peroaeal  ftrtt-nes. 


Bas,  and  strias  torn  use  k  with  the  ik'scending  branch  of  ihe  external  circnmHex,  and 
the  inferior  external  articnjar  arteries;   the  deep  hniDch  supplies  the  lower  part 
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of  the  femur  and  knee-joint,  and  forms  an  anastomotic  arch  across  the  bone  with 
tb«  aaastoinotica  magna  and  the  inferior  internal  articular  arteries. 

The  azygos  articular  is  a  f?mall  branch  iirii^ing  from  the  popliteal  artery  oppo- 
site the  bend  of  the  knee-joint.  It  pierces  the  posterior  ligament,  und  supplies 
the  ligaments  and  ?4vnnvial  menihrane  in  the  interior  of  the  articuhition. 

The  inferior  articular  arteries,  two  in  number,  arise  from  the  popliteal  beneath 
the  Gastrocnemius,  and  wind  round  the  head  of  the  tibia  below  the  joint.  The 
internal  one  passes  below  the  inner  tuberositw  beneath  the  internal  lateral  lig- 
ament, at  the  anterior  border  of  which  it  ascends  to  the  front  and  inner  side  of 
the  joint,  to  supply  the  head  of  tlje  tibia  and  the  articulation  of  the  knee,  anasto- 
mosing with  the  inferior  external  artieiihir  and  superior  internal  articular  arteries. 
The  t'xUrnal  one  passes  outward  above  the  bead  of  the  fibula,  to  the  front  of  the 
knee-joint,  passing  in  its  coui^e  beneath  the  outer  head  of  the  Gastrocnemius, 
the  external  lateral  ligament,  and  the  tendon  of  the  Biceps  muscle,  and  divides 
into  branches  which  anastomose  with  the  interior  internal  articular  artery,  the 
superior  external  articular  artery^  and  the  anterior  recurrent  branch  of  the 
anterior  tibial. 

Circumpatellar  Aaastomosis. — Arounil  and  above  the  patella,  and  «>n  the  con- 
tigitous  ends  of  the  femur  and  tibia,  is  a  large  network  of  vessels,  forming  a 
superficial  and  deep  plexus  from  which  nunjerous  offsets  proceed  into  the  interior 
of  the  joint.  The  arteries  from  which  this  plexus  is  formed  are  the  two  internal 
and  two  external  articular  branches  of  the  popliteal,  the  anastomotica  magna,  the 
terminal  branch  of  the  ])rofunila,  the  descending  branch  from  the  external  cir- 
cumflex, and  the  anterior  recurrent  branch  of  the  anterior  tibial. 


The  Anterior  Tibial  Artery  (Fig.  378). 

The  anterior  tibial  artery  commences  at  the  bifurcation  of  the  popliteal  at  the 
lower  border  of  the  Popliteus  muscle,  passes  forward  between  the  two  heads  of 
the  Tibialis  posticus,  and  tii rough  the  large  oval  aperture  above  the  upper  border 
of  the  interosseous  membrane  to  the  deep  pari  of  the  front  of  the  leg:  it  then 
descends  on  the  anterior  surface  of  the  interosseous  membrane,  gradually 
approaching  the  tibia;  and  at  the  lower  part  of  the  leg  lies  on  this  bone,  and 
then  on  the  anterior  ligament  of  the  ankle  to  the  bend  of  the  ankle-joint,  where 
it  lies  m o r e  s up c r fl c i ally,  an d  b eci*m e s  t h e  t hermits  pe d is . 

Eelations. — In  the  upjjer  two-thirds  of  its  extent  it  rests  upon  the  interosseous 
membrane,  to  which  it  is  connected  by  delicate  fibrous  arches  thrown  across  it; 
in  the  lower  third,  upon  the  front  of  the  tibia  and  the  anterior  ligament  of  the 
ankle-joint.  In  the  upper  third  of  its  course  it  lies  between  the  Tibialis  auticus 
and  Extensor  lougiis  digitorum  ;  in  the  middle  third,  betwi-en  the  Tibialis  rinticus 
and  Extensor  y>roprius  hallucis.  At  the  bend  of  the  ankle  it  is  crossetl  by  the 
tendon  of  the  Extensor  proprius  hallucis,  and  lies  between  it  and  the  innermost 
tendon  of  the  Extensor  longus  digitorum.  It  is  covered,  in  the  upper  two-thirds 
of  its  course,  by  the  muscles  which  lie  on  either  side  of  it  and  by  the  deep  fascia ; 
in  the  lower  third,  by  the  integument,  anterior  annular  ligament,  and  fascia. 

The  anterior  tibial  artery  is  acc<unpanied  by  two  veifis  (venje  comites),  which 
lie  one  an  each  side  <d'  the  artery ;  the  anterior  tibial  nerve  lies  at  first  to  its  outer 
side,  and  about  the  middle  of  the  leg  is  placed  su|)erticial  to  it;  at  the  lower  part 
of  the  artery  the  nerve  is  generally  again  on  the  outer  side. 
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Plan  of  the  Relations  of  the  Anterior  Tibial  Artery. 

In  frotiL 
Inte/cnimenf ,  smperficial  and  deep  fasciaj. 
Anterior  tibial  nerve. 
Tibialis  antieiis  (overlaps  it  in  the  upper  part  of  the  kg). 


Kxtentsur  propriiLs  ballucis  j 
Anterior  atmuiiir  ligament 


Inner  siJ*\ 
Tibialis  anticus. 
Extensor  pmprins  Imllueia 

(crosses  it  at  its  luwer 

part)* 


Anttrlor 
TlblaL 


Onler  side. 
Antcri(»r  tibial  nen^e. 
Extensor  lotigiis  Jigitomm* 
Extensor  propnus  ballucis. 


Behind, 

Interosseous  membrane. 

Tibia, 

Anterior  ligament  of  ankle-joint. 

PecuHaritieB  in  Size. — Tbis  vessel  may  be  diminished  in  size,  may  be  deficient  to  a  ipr atei 
or  less  extent,  or  may  be  entin*ly  wanting,  its  place  being  snpplied  by  peHorutin^  branches  from 
the  posterior  tibial  or  by  the  anterior  divimon  oi'  the  peroneal  urter>\ 

Course. — The  artcr^^  occasionally  deviates  in  i;t8  course  toward  the  fibular  side  of  the  leg, 
refining  its  usual  position  beneath  the  annular  ligament  at  the  front  rif  the  ankle.  In  two 
instances  the  vessel  has  been  fonnd  to  a]ipnjae!i  the  surface  in  ihe  middle  uf  the  leg,  being 
covered  merely  by  the  integuineni  and  fascia  below  that  point. 

Surface  Marking. — A  line  drawn  from  the  inner  side  id'  the  head  of  the  fibula  to  midway 
between  the  two  malleoli  will  mark  the  course  of  the  artery,  the  point  where  the  arterj"  comes 
in  front  of  the  interosseous  membrane  being  in  this  line,  one  and  a  quarter  inches  below  the 
level  of  the  head  of  the  fibula. 

Surgical  Anatomy* — ^Tlie  anterior  tibial  arterv'  may  f>e  tied  in  tlie  upper  or  lower  part 
of  the  h)i.  In  tbe  iipper  part  tbe  operation  is  attended  with  jLTcat  difficulty,  on  account  of  the 
depth  of  tbe  vessel  from  tbe  siu'face.  An  incision  about  four  inches  in  lengtli,  shuuld  be  made 
through  the  integument,  midway  between  the  spine  of  the  tibia  and  the  outer  margin  of  the 
fibula,  the  fWia  and  intermuscular  septum  between  the  Tibialis  antirus  ami  Extt-nsor  longus 
digitonun  being  divided  to  tbe  same  extent.  Tbe  foot  must  he  flexed  to  relax  these  muscles^ 
and  they  must  be  separated  from  each  other  by  the  finger.  The  artery  is  then  exjMjsed  deeply 
seated,  lying  upon  t!ic  interosseous  membrane,  the  nerve  lying  externally,  and  one  of  the  ven^ 
comites  on  either  aide ;  theise  must  be  separated  from  the  arter>*  before  the  aneurism  needle  is 
pa.ssed  roni^i  it 

To  tie  the  vesiiel  in  the  lower  third  of  the  leg  above  the  ankle-joint  an  incision  about  three 
inches  in  lent'th  should  be  made  through  the  integument  between  the  tendons  of  the  Tibialis 
anticus  and  Extensor  proprius  hallneig:  muscles,  the  deep  fascia  being  divided  to  the  same  extent 
The  tendon  on  either  side  shoidd  be  held  aside,  when  tire  vessel  will  be  seen  lying  upon  the 
tibia,  with  the  nerve  superficial  to  it  and  one  of  the  vente  comites  00  either  side. 

The  branches  of  the  anterior  tibial  artery  are — the 

Posterior  Recurrent  Tibial.  Muscular. 

Superior  Fibular.  Internal  Malleolar. 


Anterior  Recurrent  Tibial. 


External  Malleolar. 


The  posterior  recurrent  tibial  is  not  a  constant  branch,  and  is  given  off  from 
the  anterior  tibial  before  that  vessel  passes  through  the  interosseous  sjtace.  It 
ascends  beneath  the  Popliteus  muscle^  which  it  supplies,  and  anastomoses  with  the 
lower  articular  branches  of  the  popliteal  artery,  giving  off  an  offset  to  the 
superior  tibio-fibuhir  joint. 

The  superior  fibular  is  sometimes  given  off  from  the  anterior  tibial,  sometimes 
from  the  posterior  tibial.  It  passes  outward,  round  the  neck  of  the  fibula,  through 
the  Soleus,  which  it  supplies,  and  ends  in  the  substance  of  the  Peroueos  longus 
mtiscle. 

The  anterior  recurrent  tibial  branch  arises  from  the  anterior  tibial  as  soon  as 
that  vessel  has  [lassed  through  the  interosseous  space;  it  ascends  in  the  Tibialis 
anticus  muscle,  and  ramifies  on  the  front  and  sides  of  the  knee-joint^  anastomos- 
ing with  the  articular  branches  of  the  popliteal  and  with  the  anastoniotica  magna. 

The  muscular  branches  are  numerous:   they  are  distributed  to  the  muscles 
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which  lie  on  each  side  of  the  vessel,  some  piercing  the  deep  fascia  to  supply  the 
integument,  others  passing  through  the  interosseous  membrane,  and  anastomosing 
with  branches  of  the  posterior  tibial  and  peroneal  arteries. 

The  malleolar  arteries  supply  the  ankle-joint.  The  internal  arises  about  two 
inches  above  the  articulation,  and  passes  beneath  the  tendons  of  the  Extensor 
proprius  hallucis  and  Tibialis  anticus  to  the  inner  ankle,  upon  which  it  ramifies, 
anastomosing  with  branches  of  the  posterior  tibial  and  internal  plantar  arteries 
and  with  the  internal  calcanean  from  the  posterior  tibial.  The  external  passes 
beneath  the  tendons  of  the  Extensor  longus  digitorum  and  Peroneus  tertius,  and 
supplies  the  outer  ankle,  anastomosing  with  the  anterior  peroneal  artery  and  with 
ascending  branches  from  the  tarsal  branch  of  the  dorsalis  pedis. 

The  Dorsalis  Pedis  Artery  (Fig.  378). 

The  dorsalis  pedis,  the  continuation  of  the  anterior  tibial,  passes  forward  from 
the  bend  of  the  ankle  along  the  tibial  side  of  the  foot  to  the  back  part  of  the  first 
intermetatarsal  space,  where  it  divides  into  two  branches,  the  dorsalis  hallucis^  and 
communieating,  or  first  dorsal  interosseous  artery  and  plantar  digital  respectively. 

Relations. — This  vessel,  in  its  course  forward,  rests  upon  the  astragalus,  navic- 
ular, and  internal  cuneiform  bones  and  the  ligaments  connecting  them,  being  cov- 
ered by  the  integument  and  fascia,  anterior  annular  ligament,  and  crossed  near 
its  termination  by  the  innermost  tendon  of  the  Extensor  brevis  digitorum.  On 
its  tibial  side  is  the  tendon  of  the  Extensor  proprius  hallucis ;  on  its  fibviar  side^ 
the  innermost  tendon  of  the  Extensor  longus  digitorum,  and  the  termination  of  the 
anterior  tibial  nerve.     It  is  accompanied  by  two  veins. 

Plan  of  the  Relations  of  the  Dorsalis  Pedis  Artery. 

In  front 

Integument  and  fascia. 

Anterior  annular  ligament 

Innermost  tendon  of  Extensor  brevis  digitorum. 

Tibial  nde.  /     D.«u.     1  ^         Fibular  d^ 

Behind, 

Astragalus. 
Navicular. 
Internal  cuneiform, 
and  their  ligaments. 

Peculiarities  in  Size.— The  dorsal  artery  of  the  foot  may  be  larger  than  usual,  to  compen- 
sate for  a  deficient  plantar  artery ;  or  it  may  be  deficient  in  its  termmal  branches  to  the  toes, 
which  are  then  derived  from  the  internal  plantar ;  or  its  place  may  be  supplied  altogether  by  a 
large  anterior  peroneal  artery. 

Position. — ^This  artery  frequently  curves  outward,  lying  external  to  the  line  between  the 
middle  of  the  ankle  and  the  back  part  of  the  first  interosseous  space. 

Sur£Bu;e  Marking. — ^The  dorsEdis  pedis  artery  is  indicated  on  the  surface  of  the  dorsum  of 
the  foot  by  a  line  drawn  from  the  centre  of  the  space  between  the  two  malleoli  to  the  back  of  the 
first  intermetatarsal  space. 

Surgical  Anatomy. — ^This  artery  may  be  tied,  by  making  an  incision  through  the  integu- 
ment between  two  and  three  inches  in  length,  on  the  fibular  side  of  the  tendon  of  the  Extensor 
proprius  hallucis,  in  the  interval  between  it  and  the  inner  border  of  the  short  Extensor  muscle. 
The  incision  should  not  extend  farther  forward  than  the  back  j^art  of  the  first  intermetatarsal 
space,  as  the  arter>'  divides  in  that  situation.  The  deep  fascia  being  divided  to  the  same  extent, 
tne  artery  will  be  exposed,  the  nerve  lying  upon  its  outer  side. 
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BraJiches. — The  branches  of  the  doraalis  pedis  are— the 


Tarsal. 

Metata  rsal — Interosaeo  us. 


Dorsalis  Hall  nets. 
Com  wuni  eating. 


The  tarsal  artery  arises  from  the  liorsalis  ]>edis,  as  that  vessel  crosses  the  navic- 
ular bone;  it  passes  in  an  arched  direction  tnnward,  lying  upon  the  tarsal  bones, 
and  covered  by  the  Extensor  brevis  digitoruni ;  it  supplies  tliat  muscle  and  the 
articulations  of  the  tarsus,  and  anastoniiises  with  branches  from  the  metatarsal, 
external  ma11e(*lai%  |»eroneal,  an<l  externsil  ]ihintar  arteries, 

Tbe  metatarsal  arises  a  little  anterior  to  the  j>recedinfr;  it  jiasses  outward  to 
the  outer  part  of  the  foot,  over  the  ba-ses  of  the  metatarsjil  ijones»  beneath  the  ten- 
dons of  the  short  Extensor,  its  direction  being  influence<l  by  its  point  of  origin ; 
and  it  anastomoses  with  the  tarsal  and  external  plantar  arteries.  This  vessel 
gives  off  three  branches,  the  intero:iSi'fnts  arten'f,H,  wliieh  ]>fiss  forward  upon  the 
three  outer  Dorsal  interossei  muscles,  and,  in  the  clefts  between  the  toes,  divide 
into  two  dorsal  collateral  branches  for  the  adjoining  trtes.  At  tbe  back  part  of 
[each  interosseous  space  these  vessels  receive  the  posterior  perforating  branches 
•from  the  plantar  arch,  and  at  the  fore  part  of  each  interosseous  space  they  are 
joined  by  the  anterior  perforating  branches  fnmi  the  digital  arteries.  The  outer- 
most interosseous  artery  gives  off  a  branch  which  supplies  the  onter  side  of  the 
little  toe. 

The  dorsalis  hallucis  (frmt  dorml  intfrosm^otts)  runs  forward  along  the  outer 
border  of  the  first  metatarsal  bone,  and  at  the  cleft  between  the  first  and  second 
toes  divides  into  two  branches,  one  of  which  passes  inward,  beneath  the  tendon  of 
tbe  Extensor  proprius  hallncis,  and  is  distribnted  to  tbe  inner  border  of  the  great 
toe ;  the  outer  branch  bifurcates,  to  supply  the  adjoining  sides  of  the  great  and 
second  toes. 

Tbe  conmnmicating  artery  or  Plantar  digital  dips  down  into  the  sole  of  the  foot, 
between  the  two  heads  of  tbe  First  dorsal  interosseous  muscle,  and  inoscuhites  with 
the  termination  of  the  external  plantar  artery  to  complete  the  plantar  arch.  It  here 
gives  off  two  digital  branches  :  one  runs  along  tbe  inner  side  of  the  great  toe  on 
its  plantar  surface  ;  tbe  other  passes  forward  along  the  first  interosseous  space,  and 
bifurcates  at  the  cleft  for  the  supply  of  tbe  adjacent  sides  of  the  great  and  second 


toes. 


The  Posterior  Tibial  Artery. 


The  posterior  tibial  is  an  artery  i>f  large  si/,e,  whicli  extends  oblifjoely  down- 
wanl  fnun  the  lower  border  of  tbe  Popliteus  muscle,  along  the  tibial  side  of  the 
leg,  to  the  fossa  between  tbe  inner  ankle  and  tbe  heeb  whei*e  it  divides  beneath 
the  origin  of  the  Abductor  hallucis.  on  a  level  with  a  line  drawn  from  the  point  of 
the  internal  malteohis  to  tbe  centre  of  the  convexity  of  the  heel,  into  tbe  tfiti:rnal 
and  rjirrtia!  plantar  artt'ries.  At  its  origin  it  lies  opposite  the  interval  between 
tbe  tibia  and  fibula ;  as  it  descends,  it  approaches  the  inner  sitle  of  the  leg,  lying 
behin<l  tbe  tibia,  and,  in  the  lower  part  of  its  course,  is  situated  midway  between 
the  intirr  iiiallfiJus  and  the  tuberosity  of  the  os  culcis. 

Relations.- — It  lies  successively  upon  the  Tibialis  posticus,  tbe  Flexor  long  us 
digitorum,  the  tibia,  and  the  back  part  of  the  ankle-joint.  It  is  covered  by  the 
deep  transverse  fascia,  which  8e|>a rates  it  above  from  the  Gastrocnemius  and 
Soleus  muscles.  In  tbe  lower  third,  where  it  is  more  superficial,  it  is  covered  (mly 
by  the  integument  and  fascia,  and  runs  parullel  witlj  tbe  inner  border  of  the  tendo 
Achillis.  It  is  accompanied  by  two  veins,  and  by  tbe  posterior  tibial  nerve, 
which  lies  at  first  to  the  inner  side  of  the  artery,  hut  soon  crosses  it,  and  is,  in  the 
greater  part  of  its  course,  on  it«  outer  side. 


I 


Integument  and  fascia. 

0a-stTOL'ricmius. 

Suleus. 

Deep  tntita verse  fascia. 

Posterior  tibial  nen'e. 

Behind  the  Inner  ankle  the  tendons  and  blood- vesseb  are  arranged  in  the 
following  order,  from  within  outward :  First,  the  tendons  of  the  Tihialis  posticus 
and  Flexor  lungus  digitorum,  lying  in  the  same  gt^oove,  behind  the  inner  malleolus, 
the  former  being  the  most  internal.  External  to  these  is  the  posterior  tihial 
artery,  having  a  vein  on  either  side  ;  and,  still  more  externally,  the  posterior 
tibial  nerve.  Ahont  half  an  inch  nearer  the  heel  is  the  tendon  of  the  Flexor 
h>ngus  hallucis. 

Peculiarities  in  Size.— The  pmterior  tibial  is  not  unfreqiiently  smaller  than  usual,  or 
absent.  Its  [ilace  beini,^  supplied  by  a  lar.ire  peroneal  artery  wbieh  passes  inwaril  at  the  lower  end 
of  the  tibia,  ami  rit  her  joins  the  small  tibial  airterj'  or  continues  alone  to  the  sole  of  the  toot 

Surface  MarMiig. — The  course  tA'  the  iwjsterior  tibial  artery  is  indicated  by  a  line  drawti 
ftiMn  a  point  one  inch  below  the  centre  iif  the  popliteal  space  to  midway  between  the  tip  of  the 
internal  inalle^tlim  and  the  centre  of  the  ixiuvexity  of  the  heel. 

Surgical  Anatomy* — The  appiicfifiou  nf  n  llt/atnre  to  the  posterior  tibial  may  l>e  required  J 
in  cases  ol'  wourul  of  the  solo  ut  the  loot  attended  with  irrcat  hiemorrhaire^  when  the  vessel^ 
should  be  tied  at  the  inner  ankle.  In  castas  of  wound  of  the  posterior  tibial  it  will  be  ne<.'essary 
to  eiilarL^c  the  ot>eniii|,^  so  aa  to  expose  the  vessel  at  I  be  wounded  pohu,  cxceptinir  where  the 
vessel  is  iujurcil  by  a  punctured  wound  IVom  the  front  of  the  Ic^.  In  cashes  id'  aneurism  from 
wound  ol'  the  artery  low  down,  the  vessel  should  be  tied  in  the  middle  of  tlie  leg.  But  in 
aneurism  of  the  posterior  tibial  high  up  it  would  be  better  to  tie  the  Je moral  artery. 

To  tie  the  posterior  tibial  artery  at  the  ankle,  a  semilunar  inciaicKi  should  be  made  through 
the  integunjent,  about  two  inches  and  a  half  in  length,  uiidway  between  the  heel  and  inner  ankle 
or  a  little  nearer  the  latter  The  subcutaneous  cellidar  tissue  having  twjcn  divided,  a  strong 
and  tleu.se  tasi-ia,  the  internal  annular  ligament,  is  exim.sc^d.  This  bgament  is  i-ontinuoua  above 
with  the  dei.'p  fast'ia  of  the  leg,  covers  the  vessels  and  nerves,  and  is  intimately  adlierent  to  the 
gheathii  of  the  temlons.  Thi;^  having  been  cautiou?<ly  divided  upon  a  director,  the  sheath  of 
the  vessels  is  exposed,  and,  being  opened,  the  artery  is  ,seeu  with  one  of  the  ven^e  couiites  on  efieh 
sitle.  The  aneurism  needle  should  be  jJiussed  round  the  ve.ssel  from  the  heel  toward  I  he  ankle,  in 
onler  to  avoid  the  ptisterior  tibial  nerve,  care  being  at  the  same  time  taken  not  to  include  the 
vena3  wjuiite^. 

The  vessel  may  alwt)  be  tied  in  the  lower  thinl  nf  the  leg  by  making  an  ineisittn,  about  three  i 
inches  in  lengtht  pamUol  with  the  iinier  margin  of  the  tcntlo  Achilli.s.     The  internal  Muhenoua  ' 
vein  being  carefully  avoided,  the  two  layers  of  fkscia  mast  he  divided  upon  a  director,  when  the 
arter>'  is  exposed  along  the  outer  margin  of  the  Flexor  longus  digitoram^  with  one  of  it*  venae 
comites  on  either  side  and  the  nerve  lying  external  to  it. 

To  tie  the  posterior  tibial  in  the  middle  of  the  leg  is  a  very  difficult  operation,  on  account  of 
the  great  depth  of  the  vcs&cl  from  the  surface.  The  patient  being  placed  in  the  recumbent  posi- 
tion, the  injured  limb  should  rest  on  its  outer  side,  the  knee  being  partially  l>€*nt  and  the  foot 
extended,  so  as  to  relax  the  muscles  of  the  call'  An  incision  about  four  inches  in  length  should 
then  be  made  through  the  integument  a  liutrer  s  breadth  behind  the  inner  margin  of  the  tibia^ 
taking  care  to  avoid  the  internal  sap>hcnous  vein.  The  deep  fWia  having  been  divided,  the 
margin  id* the  (tastrocnemius  is  exposed,  and  uuist  be  drawn  aside,  and  the  tibial  attachment  of 
the  8oleiLs  diviiied.  a  director  being  prcvioitnly  pa^sscd  l>eneath  it.  The  artery  may  now  Imj 
felt  pulsating  beneath  the  deep  fascia  about  an  inch  from  the  margin  of  the  tibia.  The  fascift^ 
having  been  diviile^l,  and  the  limb  placed  in  sueh  a  t^f*sition  as  to  relax  the  muscles  of  the 
calf  as  much  ilh  possible,  the  veins  should  be  separated  from  the  arter)-,  and  the  aneurism 
neeiJle  jiaiised  round  the  vesiiel  from  without  inward,  so  as  to  avoid  wounding  the  posterior 
tibial  nerve. 
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The  branches  of  the  posterior  tibial  artery  are — the 

Peroneal.  Nutrient. 

Muscuhir.  Commutni  eating. 

Internal  Calcanean, 

The  Peroneal  Artery  lies,  deeply  seated,  along  the  back  i>art  of  the  fibular  side 
of  the  leg.  It  acises  from  the  ])osterior  tibial  about  an  inch  belnw  the  lower 
border  of  the  Popliteua  muscle,  passes  ^bliqtiely  outward  to  the  fibula,  and  then 
descends  along  the  inner  border  of  that  bone  to  the  low^er  third  of  the  teg;  where 
it  give^  ofi  the  ante rityr  peroneaL  It  then  |>asses  as  the  posterior  peroneal  across 
tlje  articulation  between  the  tibia  and  fibula  to  the  outer  side  of  the  os  calcis, 
where  it  give.s  off  its*  terminal  branches,  the  i-xternal  calcaneaiL 

Eelations. — -This  vessel  rests  at  first  upon  the  Tibialis  posticus,  and  then,  for 
the  greater  part  of  its  course,  in  a  fibrous  canal  between  the  origins  ni'  I  he  Flexor 
longus  hallucis  and  Tibialis  posticus,  covered  or  surrounded  by  the  fibres  of  the 
Flexor  longus  hjdlucis.  It  is  eovet'tnL  in  the  upper  part  of  its  course,  by  the  Scdeus 
and  deep  transverse  fascia ;  below,  by  the  Flexor  longus  hallucis. 

Plan  of  the  Relations  of  the  Peroneal  Artery* 

In  front. 
Tibialis  posticus. 
Flexor  loiigiis  hallucis. 


Older  side. 

Fibula. 

Flexor  longus  liallucia. 


I       Peroneftl       | 
I        Art«fy.        i 


Inner  sith. 
Flexor  lengus  halluets. 


Behind. 

Salens. 

Peep  transverse  fascia. 
Flexor  longus  halhids. 

Peculiarities  in  Origin. — The  peroneal  artery  may  arise  tliree  inches  below  the  Popliteua, 
or  from  tht  piji^terior  tibial  high  up,  or  even  fn>m  the  poplit*?iil 

Its  size  m  more  fre<picntly  intreiised  than  ^liiuiuiHlicil ;   uinl  then  it  either  reinfurecs  the 

eosterior  tibial  by  it^  jaiietion  willi  i(,  or  altojcrether  tsikes  the  place  of  the  pitsterior  tibial  in  the 
wer  part  of  the  hg  and  foot,  the  latt^ir  vess<?l  only  exist  big  as  a  wfiort  uiiisifulsir  branch.     In 
^  those  rare  vasas  where  the  peroneal  artery  is  smaUer  than  nsijal  a  hraucli  fnmj  the  posterior 
tibial  supplies  ita  ph^^e,  and  a  hraneh  from  the  anterior  tibial  fouipeiisates  for  tht?  diniijushed 
anterior  i>eroneal  artery.     In  one  ca.H,e  the  jieroneal  arLcrv  has  been  found  entirely  wanting. 

The  anterior  peruneal  Is  Bumetimes  enlarged,  and  takes  the  place  of  the  dorsal  artery  of  the 
foot. 

The  branches  of  the  peroneal  are— the 
Muscular. 
Nutrient. 
Anterior  PeroneaL 

MuHfndar  Branehes. — The  peroneal  artery  in  its  course  gives  off  branches  to 
the  Soleus,  Tibialis  posticus.  Flexor  lon^jTus  hallucis,  and  Feronei  muscles. 

The  nutrient  urtert/  supplies  the  fibula. 

The  Anterior  pefoneal  pierces  the  interosseous  membrane,  about  two  inches 
above  the  outer  malleolus,  to  reach  the  fore  part  of  the  leg,  and,  passing  down 
beneath  the  Peroneus  tertius  to  the  outer  ankle,  ramifies  on  the  front  and  outer 
side  of  the  tarsus,  anastomosing  with  the  external  malleolar  and  tnr^al  arteries. 

The  eommunieating  is  given  off  from  the  peroneal  about  an  inch  from  \is^ 
lower  end,  and,  passing  inward,  joins  the  communicating  branch  of  the  posterior 
tibiah 

The  Posterior  peroneal  passes  down  behind  the  outer  ankle  to  the  back  of  the 
external  malleolus,  to  terminate  in  branches  which  ramify/  on  the  outer  surface 
and  back  of  the  os  calcis. 


Communicating. 
Posterior  Peroneal. 
External  Calcanean. 
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The  External  calcanean  are  the  terminal  branches  of  the  peroneal  artery  ;  they 
pass  to  the  oiiier  side  of  the  heel,  and  cotninnnicate  with  the  external  malleolar, 
and,  on  the  back  of  the  heel,  with  the  iuteriial  calcanean  arteries. 

The  Eutrient  artery  of  the  tibia  arises  from  the  posterior  tibial  near  its  origin, 
and,  after  supplying  a  few  mosQular  branches,  enters  the  nutrient  canal  of  that 
bone,  which  it  travei'ses  oblicjuely  from  above  downward.  This  is  the  largest 
nutrient  artery  of  bone  in  the  body. 

The  muscular  branchei  of  t!ie  posterior  tibial  are  distributed  to  the  Soleus  and 
deep  moscles  along  the  back  of  the  leg. 

The  communicating  branch,  to  join  a  similar  branch  of  the  peroneal,  rnns  trans- 
versely across  the  hack  of  the  tibia,  about  two  inches  above  its  lower  end,  passing 
beneath  the  Flexor  hmgiis  hallucis. 

The  internal  calcanean  are  several  large  arteries  which  arise  from  the  posterior 


Communicating 
brnnch  of 

JtM  diffittd 


Fio.  379.— The  plantar  arterlea.    Sup«rflciAl  view. 


Fhj.  880,— The  plftntar  arteries.    Deep  Tlew. 


tibial  just  before  its  division:  they  are  distributed  to  the  fat  and  integument 
behind  the  tendo  Achillis  and  about  the  heel,  and  to  the  muscles  on  the  inner  side 
of  the  sole,  anastomosing  with  the  peroneal  and  internal  malleolar,  and,  on  the  back 
of  the  heel,  with  the  external  calcanean  arteries. 

The  Internal  Plantar  Artery  (Figs,  37i^  380),  ranch  smaller  than  the  external, 
pa.sses  forward  along  the  inner  side  of  the  foot.  It  is  at  first  situated  above  ^  the 
Abductor  hallucis,  and  then  between  it  and  the  Flexor  brevis  digitortini,  both  of 
which  it  supplies.  At  the  base  of  the  first  metatarsal  bone,  where  it  has  become 
much  diminished  in  size,  it  passes  along  the  inner  border  of  the  great  toe,  inoscu- 
lating with  its  digital  branch. 

The  External  Plantar  Artery,  much  larger  than  the  internal,  passes  obliquely 
outward  and  forward  to  the  base  of  the  fifth  metatarsal  bone.  It  then  turns 
obliquely  inward  to  the  interval  between  the  bases  of  the  first  and  second  meta- 
tarsal bones,  where  it  anastomoses  with  the  plantar  digital  branch  from  the 
dorsalis   pedis  artery,  thus  completing  the  plantar  arrA.     As  this  artery  passes 

*  This  refers  to  the  erect  position  of  the  body.  In  the  oriiiDary  poaition  fur  dissection  the  artery 
is  deeper  than  the  tnuficle* 
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The  branches  of  the  posterior  tibial  artery  are — the 

PeroneaL  Nutrient. 

Muscular,  Communicating. 

Internal  Cal cancan. 

The  Peroneal  Artery  lies*  deeply  seated,  along  the  baek  part  of  the  fibular  side 
of  the  leg.  It  arises  from  the  posterior  tibial  about  an  inch  helow  the  lower 
border  of  the  Popliteus  muscle,  passes  obliquely  outward  to  the  fibula,  and  then 
deseends  along  the  inner  border  of  that  bone  to  the  lower  third  of  the  leg,  where 
it  gives  nff  the  a ntenor  pa'mieaL  It  then  passes  as  the  postenor  peroneal^  across 
the  articulation  between  the  tibia  and  fibula  to  the  outer  side  of  the  os  calcis, 
where  it  gives  oif  its  terminal  branches,  tbe  eTfernal  ealeaiiean. 

Relations. — This  vessel  rests  at  first  upon  tbe  Tibialis  jtoslicus,  and  then*  for 
the  greater  part  of  its  course,  in  a  fibrous  canal  between  the  origins  of  tbe  Flexor 
longus  hallucis  and  Tibialis  posticus,  covered  or  surrounded  by  tbe  fibres  of  tbe 
Flexor  lougus  hallucis,  It  is  efwen-th  in  the  upper  part  of  its  course,  by  the  Soleus 
and  deep  transverse  fascia;  bdow,  by  the  Flexor  longus  hallucis. 

Plan  of  the  Relations  of  the  Peroneal  Aktery. 

In  front 
Tibialis  posticus. 
Flcxur  lon^iis  hallucis. 


OiitiT  Side. 

Fihnlii. 

Flexor  longus  hallucis. 


I         Artery^         / 


Inner  mde. 
Flexor  longus  huUucis. 


BehimL 

Soleus. 

Deep  transvei^e  fam'ia. 

Flexor  Uiriifus  halhu-is. 

Peculiaritiea  in  Origm.^The  peroneal  urter>'  may  arit^e  three  inches  below  the  Popliteufij 
or  from  the  posterior  tibijil  liigb  up,  or  even  fnnu  t!ie  popliteal. 

Its  size  h  uiore  freepiently  incretL^iMl  thau  tiituiiiisliiad  ;  and  tlien  it  either  reiuforees  the 
posterior  tibial  by  its  juiu'tioii  with  it,  or  altnL'etber  takes  the  place  of  the  pnsterior  tibial  in  the 
[  lower  part  ot  the  let?  and  fuot^  the  latter  vessel  only  exist inti  as  a  short  muscular  bran*  h.  In 
those  rare  ^Misi'^i  where  tlie  peroneal  artery  i^  smaller  than  imiml  a  branch  from  tlu-  po.'^terior 
tibial  sujiplies  ita  phic^e,  and  ii  branch  from  the  anterior  tibial  cum pt*iisates  fur  the  diminished 
anterior  peroneal  artery,     la  one  ease  the  peroneal  artery  has  been  iourkl  entirely  wanting. 

The  anterior  j>ereneal  is  aometimes  enlarged,  and  takes  the  place  of  the  dorsal  arterv  of  the 
foot. 

The  branches  of  the  peroBeal  are — the 
Muscular, 
Nutrient. 
Anterior  PeroneaL 

Mufteular  Brmiches. — The  peroneal  artery  iu  its  course  gives  off  branches  to 
the  Sok'us,  Tibialis  posticus.  Flexor  longus  ballucis,  and  Peronei  mttscles. 

The  nutrient  artirtf  supplies  the  fibuki. 

The  Anhrior  peroneal  pierces  the  intero.sseous  membnine,  about  two  inches 
above  the  outer  malleolus,  to  reach  the  fore  part  of  the  leg,  and,  passing  down 
beneath  the  Perooeus  tertius  to  the  outer  ankle,  ramifies  on  tbe  front  and  outer 
sitle  of  the  tarsus^  anastomosing  with  the  e.xternal  malleolar  and  tarsal  arteries. 

The  romrnHmratifuj  is  ^iven  off  from  the  peroneal  about  an  inch  from  its 
lower  end,  and^  pa.ssing  iiiward,  joins  the  communicating  branch  of  the  posterior 
tibiab 

The  Pmterior  peroneal  passes  down  behind  the  outer  onfcle  to  the  back  of  the 
external  malleolus,  to  terminate  in  branches  whicb  raoiifv  on  the  outer  surface 
and  back  of  the  os  calcis. 


Communicating. 
P  OS  t  e  r  i  o  r  1  *e  r  on  eal . 
External  Caleanean. 
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The  External  calcanean  are  the  termiiial  branches  of  the  peroneal  artery  ;  they 

pass  to  the  outer  side  of  the  heel,  and  communicate  with  the  external  malleolar, 
and,  on  the  back  of  the  heeL  with  the  internal  calcanean  arteries. 

The  nutrient  artery  of  the  tibia  arises  from  the  posterior  tibial  near  its  origin, 
and,  after  supplying  a  few  mnacular  branches,  enters  the  nutrient  canal  of  that 
bone,  which  it  traverses  oblii|uelj  from  above  downward.  This  is  the  largest 
nutrient  artery  of  bone  in  tbe  body. 

The  mnscuiar  brandies  of  the  posterior  tibial  are  distributed  to  the  Soleus  and 
deej>  inyscles  rtIon|^  rbe  baek  of  the  leg. 

The  conununicating  branehi  to  join  a  similar  branch  of  the  peroneal,  runs  trans- 
versely  across  the  back  of  the  tibia,  about  two  inches  above  its  lower  end,  passing 
beneath  the  Flexur  longns  hallucis. 

The  internal  calcanean  are  several  large  arteries  which  arise  from  the  posterior 


Jil 


Comm,nmcaHng 

braueh  of 
d&rsaiii  pedis, 
lit  digital 
branch^. 


Pro.  879.— The  plantar  arteriea.    Superficial  view. 


TiQ.  880.— Tbe  plantar  arteries.    Deep  view. 


tibial  just  before  its  division:  they  are  distributed  to  the  fat  and  integument 
behind  the  tendo  Achillis  and  about  the  heel,  and  to  the  muscles  on  the  inner  side 
«jf  the  sole,  anastomosing  with  the  peroneal  and  internal  malleolar,  and,  on  the  hack 
of  the  heel,  with  the  external  calcanean  arteries* 

The  Internal  Plantar  Artery  (Figs.  879,  380),  much  smaller  than  the  external, 
passes  forward  ab*ng  the  inner  side  of  the  foot.  It  is  at  first  situated  above  ^  the 
Abductor  hallucis,  and  then  between  it  and  the  Flexor  brevis  digitoruin,  both  of 
which  it  supplies.  At  the  base  of  the  first  metatarsal  bone,  wdiere  it  has  become 
much  diminished  in  size,  it  passes  along  the  inner  border  of  the  great  toe,  inoscu- 
lating with  its  digital  branch. 

The  Bxtemal  Plantar  Artery,  much  larger  than  the  internal,  passes  obliquely 
outward  and  forward  to  the  base  of  the  fifth  metatarsal  bone.  It  then  turns 
obliquely  inward  to  the  interval  between  the  bases  of  the  first  and  second  meta- 
tarsal bones,  where  it  anastomoses  witb  the  plantar  digital  brunch  from  the 
dorsalis   pedis  artery,  thus  completing  the  plantar  arch.     As  this  artery  passes 

*  This  refers  to  the  creut  position  of  the  btxly.  In  the  onJinary  position  for  dksectioa  the  artery 
is  deeper  than  the  muscle. 
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outward,  it  is  first  placed  between  the  os  calcis  and  Abdiictov  hallucis,  and  then 
between  the  Flexor  b  re  vis  digitorym  and  Flexor  acce«sorius,  and  as  it  passes 
forward  to  the  base  of  the  little  toe^  it  lies  more  superficially  between  the  Flexor 
brevis  dinjitortim  and  Abductor  minimi  digiti,  covered  by  the  deep  fascia  and 
integument.  The  remaining  portion  of  the  vessel  is  deeply  situated:  it  extends 
from  the  base  of  the  mctatarBal  bone  of  the  little  toe  to  the  back  |mrt  of  the 
first  interosseous  space,  and  forms  the  plantar  arch  ;  it  is  convex  forward,  lies 
upon  the  Interossei  muscles  opposite  the  tarsal  ends  of  the  metatarsal  bones,  and 
is  covered  hy  the  Adductor  obliquns  ballucis,  the  flexor  tendons  of  the  toes,  and 
the  Lumhrieales. 

Stirface  Marking. — The  course  of  the  internal  plantar  artery  is  represented  by  a  line 
L  drawn  froiu  the  niid-imint  Ix^twi^en  the  tip  of  the  internal  niiillculuH  aad  the  centre  of  the  con* 
|Texity  iif  the  heel  to  the  middle  nf  the  under  suriace  of  the  ^nneat  tne;  the  external  plafitar  by 
a  line  fnuu  the  same  \mnl  to  within  a  finger's  brc^nhh  of  the  tnbeit^sity  of  the  fifth  metatarsal 
bone.  Thti  planturareh  is  indicated  by  a  line  drawn  from  tliiis  point;  i.  e.  a  fingers  breadth 
internal  to  the  tukTosity  of  the  fifth  metatarsal  bone  transversely  across  the  foot  to  the  back  of 
tlie  first  interoisseons  sjitiee. 

Surpcal  Anatomy.— Wonnds  of  the  plantar  arch  are  always  serious,  on  account  of  the 
deiith  of  the  vessel  and  the  iinportatit  strui^tures  which  must  be  interfered  with  in  an  attcm|it 
to  ligature  it,  Delonne  has  shown  that  it  maybe  ligatured  from  the  dorsnni  of  the  foot  m 
almost  any  part  of  its  course  by  removing;  a  portion  of  one  ol'the  three  middle  metatarsal  hones. 

Branches. — The  plantar  arch,  besides  distributing  numerous  branches  to  the 
muscdes^  integument,  and  fasciic  in  the  sole,  gives  off  the  following  bmnches: 


Posterior  Perforating. 


Digital— Anterior  Perforating. 


The  Posterior  Perforating  are  three  small  branches  which  ascend  through  the 
back  part  of  the  three  outer  interosseous  spaces,  between  the  heads  of  the  Dorsal 
interossei  muscles,  and  anastomose  with  the  inteiosseoiis  branches  from  the  meta- 
tarsal arteiT* 

The  Digital  Branches  are  four  in  number,  and  supply  the  three  outer  toes  and 
half  the  second  toe.  The  first  passes  outward  from  the  outer  side  of  the  plantar 
arch,  and  is  distributed  to  the  outer  side  of  the  little  toe,  pai?sing  in  its  course 
fbeneath  the  Abductor  and  short  Flexor  muscles.  The  semud,  thirds  and  fourth 
run  forward  along  the  interosseous  spaces,  and  on  arriving  at  the  clefts  between 
the  toes  divide  into  rollateral  branches,  which  supply  the  adjacent  sides  of  the 
three  outer  toes  and  the  nuter  side  of  the  second.  At  the  bifurcation  <d*  the  toes 
each  digital  artery  sends  upward,  through  the  fore  part  of  the  corresponding 
interosseous  space,  a  small  branch,  which  inosculates  with  the  interosseous  branches 
of  the  metatarsal  artery.     These  are  the  mttertor  i>erf<inftittff  brfUtchnK. 

From  the  arrangement  already  described  of  the  <listribution  of  the  vessels  to 
the  toes  it  will  be  seen  that  both  sides  of  the  three  outer  toes  and  the  outer  sitle 
of  the  second  toe  are  aupplied  by  branches  from  the  plantar  arch ;  both  sides  of 
the  groat  toe  and  the  inner  side  of  the  second  are  supplied  by  the  plantar  digital 
branch  of  the  dorsal  is  pe<lis, 


THE  Veins  are  the  vessels  which  serve  tn  return  the  blood  from  the  capillaries 
of  rli<:  different  parts  of  the  liody  to  the  heart.     They  consist  of  two  distinct 
pts  of  ve.s8clf?,  the  pftbfitman/  and  tfifstenuc. 

The  Pulmonary  Veins  are  concerneJ  io  tlie  circulation  in  the  lungs.  Unlike 
other  vessels  of  this  kind,  they  contain  arterial  blood,  which  they  return  from  the 
lungs  to  the  left  j^uricle  of  the  heart. 

The  Systemic  Veins  are  concerned  in  the  general  cii^culation  ;  they  return  the 
venous  blood  from  the  body  generally  to  the  right  auricle  of  the  heart. 

The  Portal  Vein,  an  appendage  to  the  systemic  venrms  system,  is  eonlinefi  to 
the  abdominal  cavity,  retuining  the  venous  blood  from  the  viscera  of  digestion, 
and  carrying  it  to  the  liver  by  a  single  trunk  of  large  size,  the  vena  portiv.  This 
vessel  ramilies  in  the  substance  of  the  liver  and  breaks  up  into  a  minute  network 
of  capillaries.  These  capillaries  then  re-collect  to  form  the  hepatic  veins,  by  which 
the  blood  is  conveyed  to  the  inferior  vena  cava. 

The  veins,  like  the  arteries,  are  found  in  nearly  every  tissue  of  the  body. 
They  commence  by  minute  plexuses  which  receive  the  blood  from  the  capillaries. 
The  branches  which  have  their  commencement  in  these  plexuses  unite  together 
into  trunks,  and  these,  in  their  passage  toward  the  heart,  constantly  increase  in 
size  as  they  receive  tributaries  or  join  other  veins.  The  veins  are  larger  and 
altogether  more  numerous  than  the  arteries;  hence  the  entire  capacity  of  the 
venous  system  is  much  greater  than  that  of  the  arterial,  the  i»ulmonary  veins 
excepted,  which  do  not  exceed  in  capacity  the  pnlnnmary  arteries.  Fr*flm  the 
combined  area  of  the  smaller  venous  branches  being  greater  than  the  main  trunks, 
it  results  that  the  venoya  system  represent.s  a  cone^  the  summit  of  which  corresponds 
to  the  heart,  its  ba^^e  to  the  circumference  of  the  body.  In  form  the  veins  are  not 
perfectly  cylindrical  like  the  arteries,  their  walls  being  colkpsed  when  empty,  and 
the  uniformity  of  their  surface  btnng  interrujited  at  intervals  by  slight  constric- 
tions, which  indicate  the  existence  of  valves  in  their  interior.  They  usually 
retain,  however,   the  same  calibre  as  long  as  they  receive  no  branches. 

The  veins  communicate  very  freely  with  one  another,  especially  in  certain 
regions  f»f  the  body*  and  this  communication  exists  between  the  larger  trunks  as 
well  as  between  the  smaller  branches.  Thus,  in  the  cavity  of  the  cranium  and 
between  the  veins  of  the  neck,  where  obstruction  would  be  attended  with  immi- 
nent danger  to  the  cerebral  venous  system,  we  find  that  the  sinuses  and  larger 
veins  have  large  and  very  freijuent  anastomoses.  The  same  free  comnjunication 
exists  between  the  veins  throughout  the  whole  extent  of  the  spinal  canal,  and 
between  the  veins  comjmsing  the  varirms  venoms  plexuses  in  the  abdomen  and  pel- 
vis, as  the  spermatic,  uterine,  vesical,  and  prostatic. 

The  systemic  veins  are  sylidividcd  into  three  sets  :  siiperficial,  deep,  and  siniises-i 

The  Superficial  <n'  Cutaneous  Veins  are  found  between  the  layers  of  the  super*, 
ficial  fascia,  immediately  beneath   the  integument ;    they  return   the  blood   from 
these  structures,  and  communicate  with  the  deep  veins  by  perforating  the  deep  iitacia. 

The  Deep  Veins  accompany  the  arteries,  and  are  usually  enclosed  in  the  same 
sheath  with  tlmse  vessels.  With  the  smaller  arteries — as  the  radial  ulnar,  brachial, 
tibiaL  peroneal — -they  exist  generally  in  pairs,  one  lying  on  each  side  of  the  ves- 
sel and  are  called  rp^rf^  co7mtes»  The  larger  arteries — as  the  axillary,  subclavian, 
popliteal,  and  femoral— have  usually  <>nly  one  accompanying  vein.     In  certain 
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organs  of  the  bodj,  however,  the  deep  veins  do  not  accompany  the  arteries;  for 
instance,  the  veins  in  the  skull  and  spinal  canal,  the  hepatic  veins  in  the  liver,  and 
the  larger  veins  retnrning  blood  from  the  osseous  tissue. 

Sinuses  are  vt?nous  chanrn^l^  which,  in  their  structure  and  mode  of  distribution^ 
differ  altt^gethcr  from  the  veiny.  They  are  found  only  in  the  interior  of  the  skoll, 
and  are  formed  by  a  se|mration  of  the  layers  of  the  dura  mater,  their  outer  coat 
consisting  of  fibrous  tissue,  their  inner  of  an  endothelial  layer  continuous  with  the 
lining  membrane  of  the  veins. 

Veins  have  thinner  walls  than  arteries,  the  diflerence  in  thickness  being  due  to 
the  small  amotmt  of  elastic  and  muscular  tissues  which  the  veins  contain.  The 
superficial  veins  usually  have  thicker  coats  than  the  deep  veins,  and  the  veins  of 
the  lower  limb  are  thicker  than  those  of  the  upper. 

The  minute  structure  of  these  vessels  has  been  described  in  the  section  on 
General  Anatomy. 

THE  PULMONAEY  VEINS, 

The  Pulmonary  Vehis  return  the  arterial  blood  from  the  lungs  to  the  left 
auricle  of  the  heart.  They  are  four  in  number,  two  for  each  lung.  The  pultno- 
nary  differ  from  other  veins  in  several  respects:  L  Tliey  carry  arterial  instead  of 
venous  bloud.  2.  They  are  destitute  of  valves.  3.  They  are  only  slightly  larger 
than  the  arteries  they  accompany.  4,  They  accom]>any  those  vessels  singly. 
They  commence  in  a  capillary  network  upon  the  walls  of  the  air-cells,  where 
they  are  continuous  with  the  ramifications  of  the  pulmonary  artery,  and,  uniting 
together,  form  a  single  trunk  fur  each  lobule.  These  branches,  uniting  succes- 
sively, form  a  single  trunk  for  each  lobe,  three  for  the  right  and  two  fijr  tlie  left 
lung.  The  vein  from  the  middle  lobe  of  tlie  right  linig  unites  wiih  tliat  from  the 
upper  lobe,  in  most  cases,  forming  two  trunks  on  each  side,  which  open  separately 
into  the  left  auricle.  Occasionally  they  remain  se]>arate ;  there  are  then  three 
veins  on  the  right  side.  Nol  uufreqiiently  the  two  left  pulmonary  veins  termi* 
nate  by  a  common  ofiening. 

Within  the  lung,  the  brunches  of  the  pidmonary  artery  are  in  front,  the  veins 
behind,  and  the  bronchi  iH'twtcn  the  two. 

At  the  root  of  the  iuiu/,  the  veins  are  in  front,  the  artery  in  the  fniddley  and  the 
bronchus  hehintL 

Wit h in  t h e  pe rieardtu ??f ,  t h ei r  anterior  s u r face  i s  i n ve s t e d  by  th c  s er o us  1  ay er 
of  this  membrane.  The  right  pulmooary  veins  pass  behind  the  right  auricle  and 
iiscending  a^irtii;  the  left  jniss  in  front  of  the  thoracic  aorta  with  the  left  pulmo- 
nary artery. 

THE  SYSTEMIC   VEINS. 

The  systemic  veins  may  be  arranged  into  three  groups:  1.  Those  of  the  head 
and  neck,  upj>er  extremity,  and  thorax,  which  terminate  in  ihe  superior  vena  cava» 
2.  Those  of  the  lower  limb,  pelvis,  and  abdomen,  which  terminate  in  the  inferior 
vena  cava.  3.  The  cardiac  veins,  wliicb  ojien  directly  into  the  right  auricle  of 
the  heart. 

VEINS  OF  THE  HEAD  AND  NECK. 

The  veins  of  the  head  and  neck  may  be  subdivided  into  three  groups:  1.  The 
veins  of  the  exterior  of  the  bead  and  face.  2.  The  veins  of  the  neck,  3.  The 
vein^  of  the  diploe  and  interior  of  the  cranium. 

Veins  of  the  Exterior  of  the  Head. 

The  veins  of  the  exterior  uf  the  head  and  face  are—the 


Frontal. 
Supra- orbital. 
Angular. 
Facial. 


UccipitaL 


Temporal. 
Internal  Maxillary* 
Temporo-max  i  I  lary , 
Posterior  Auricular. 
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The  frontal  vein  commences  on  the  anterior  part  of  the  skull  by  a  venous 
plexus  which  coraraunicates  with  the  auterior  tributaries  of  the  temporal  vein. 
The  veins  cnnverge  to  form  a  single  tnmk.  which  nms  downward  near  the 
middle  line  of  the  forehead  jjarallel  with  the  vein  of  the  opposite  side,  and  unites 
with  it  at  the  root  of  the  nose  by  a  transverse  branch  called  the  na^al  arch. 
Occasionally  the  frontal  veins  join  to  form  a  single  trunk,  which  bifurcates  at  the 
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Pio.  SSl^-Velnt  of  the  head  and  neck. 

root  of  the  nose  into  the  two  angular  veins.  At  the  root  of  the  nose  the  veins 
diverge  and  join  the  supra-orhital  tmn,  at  the  inner  angle  of  the  orbit,  to  form 
the  miffular  rriiK 

The  supra-orbital  vein  eoraraencea  on  the  forehead,  communicating  with  the 
anterior  temporal  vein,  and  runs  downward  and  inward*  superficial  to  the 
Occipit(Hfr«uitalis  miLscle,  receiving  tributarii'S  from  the  neighboring  structures, 
and  joins  the  frontal  vein  at  the  inner  angle  of  the  orbit  to  form  the  afuiular 
vein* 

The  angular  vein,  formed  by  the  junction  of  tlie  frontal  and  supra-orbital 
veins,  nms  obli^juely  downward  and  outward  on  !lie  side  of  the  root  of  the  nose, 
and  receives  the  veins  of  the  ahi  nasi  on  its  inner  side  and  the  superior  palpebral 
veins  on  its  outer  side;  it  moreover  eomnjimicates  with  the  ophthalmic  vein,  thus 
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establishing  an  important  anaatomosig  between  this  vessel  and  the  cavernous 
sinus.  Some  small  veins  from  the  dorsum  of  the  nose  terminate  in  the  nusal 
arch. 

The  facial  vein  comoieTices  at  the  side  nf  the  root  of  the  nose,  being  a  direcr 
cnntiniialion  of  the  ani2;uhir  vein.  It  passes  obliquely  downward  and  outward 
beneath  the  Zygomaticus  major  and  minor  muscles,  descends  along  the  anterior 
border  of  the  Masseter,  crosses  over  the  body  of  the  lower  jaw  with  the  facial 
artery,  and,  imssing  obliquely  outward  and  backward  beneath  the  Platysma  and 
cervical  fascia,  unites  with  a  branch  of  communication  from  the  temporo-max- 
iliary  vein  to  form  a  trunk  of  large  sixo  w  hich  enters  the  internal  jugular.  From 
near  its  termination  a  commmiicatmg  branch  often  rnns  down  the  anterior  border 
of  the  Sterno-mastoid  to  join  the  lower  jiart  of  the  anterior  jugular* 

Tributaries.— The  facial  vein  receives,  near  the  angle  of  the  mouth,  eommuni- 
eating  tributaries  of  considerable  size  (the  deep  faHaJ  or  anttrior  mfental  imiril- 
hrry  vein)  from  the  pterygoid  plexus.  It  is  also  joinerl  by  the  inferior  palpebnib 
the  superior  and  inferior  labial  veins,  the  buccal  veins  from  the  cheek,  and  the 
masseteric  veins.  Below  the  jaw  it  receives  the  submental;  the  inferior  palatine, 
which  returns  the  blood  from  the  plexus  around  the  tonsil  and  soft  palate;  the 
submaxillary  vein,  which  commences  in  the  submaxillary  gland  ;  and,  generally, 
the  ranine  vein. 

Surgical  Anatomy* — ^Tliere  are  some  points  about  the  facial  vein  whicl^  render  it  of  great 
impsniunce  in  surgery.  It  is  not  so  flaccid  jis  are  most  superticial  veins,  and^  in  eonserjiiencc  of 
tliiN.  reniaiiLH  more  patent  when  divided.  It  has.  moreover,  no  valves.  It  eumnataieatea  freely 
with  tiie  iiUTiteraniid  eirculation,  not  oidy  at  its  eu  nun  en  cement  hy  its  tributaries,  the  angular 
and  suimi'0rhit»i]  veit^s,  coininunicating  with  the  oplithalmie  vein,  a  tributarj^  of  the  cavernnus 
liiiuis,  but  alsti  by  its  deep  hraach,  which  eouimunicatei*  ill  rough  the  pterygoid  plexus  with  the 
eaveraous  sirujs  by  branches  which  puss  through  the  funuiiea  ovule  and  forauiea  lacenim 
medium  (see  pjige  6fU).  These  ilict«  have  an  important  hesirin^'  upon  the  snrj[rer>'  of  8ome 
diseases  of  the  face,  for  on  at'CoaiU  of  its  patency  the  iacial  vein  favors  septic  absorption,  and 
then^fore  any  |>hleirinoiious  inflammation  of  the  face  following  a  pr^isoned  wonnd  is  liable  to  set 
ap  thromlMjsis  in  the  facial  vein.  And  on  accouttt  of  its  eominnnieatious  with  the  cerebral 
sitniscs  these  thromhi  are  apt  to  extend  upwarrl  into  th^m,  and  detached  portions  may  give  rise 
to  pundent  foci  in  other  parts  of  the  liody,  and  so  indace  a  fatal  issue. 

The  Temporal  Vein  commences  by  a  minute  plexus  on  the  side  and  vertex  of 
the  skulL  which  communicates  with  tlie  frontal  and  snpra-orbital  veins  in  front, 
the  corresponding  vein  of  tbe  opposite  side,  and  the  posteriru-  auricular  and 
occijiitid  veins  behind.  From  this  network  anterior  and  posterior  branches  are 
fumed  which  unite  above  the  zygoma,  foiming  the  trunk  of  the  vein*  This 
trunk  is  joined  in  this  situation  by  a  large  vein,  the  middle  teinpiwat^  which 
receives  the  bhiod  from  the  substance  of  the  Temporal  muscle  and  pierces  tbe 
fascia  at  the  upper  border  of  the  xygoma.  I'hc  temporal  vein  then  descends 
between  the  exteriuil  auditory  meatus  and  tbe  ctmdyle  of  the  jaw,  enters  the  sub- 
stance of  the  parotid  «;land.  and  unites  with  the  internal  maxillary  vein  to  form 
the  temporo-niaxillary   vein. 

TributarieB. — Tlie  temporal  vein  receives  in  it^  course  some  parotid  veins,  an 
articular  branch  frotn  the  articnlution  of  the  jaw,  anterior  auricular  veins  from 
the  external  car,  and  a  vein  of  large  size,  tbe  fransveriff  ftH-ial,  fr*tm  the  side  of 
the  face-  Tbe  middle  temporal  vein,  previous  to  its  junction  with  the  temporal 
vein,  receives  a  branch,  tbe  orbkal  rc/ii,  which  is  formed  by  some  external  palpe- 
bral branches,  and  passes  backward  between  the  layers  of  the  temporal  fascia. 

The  Internal  Maxillary  Vein  is  a  vessel  of  consiilerahle  size,  receiving  branches 
which  corres]M>nd  with  those  of  the  internal  maxillary  artery.  Thus  it  receives 
the  middle  meningeal  veins,  tbe  deep  temporal,  the  pterygoid,  masseteric,  buccal, 
alveolar,  some  palatine  veins,  and  the  inferior  dental.  These  branches  form  a 
large  plexus,  the  ptmifjmd,  which  is  |daceil  between  the  Temporal  and  External 
pterygoid  and  partly  between  the  Pterygoid  muscles.  This  plexus  communicates 
very  freely  with  the  facial  vein  and  with  the  cavernous  sinus  by  branches  through 
the  foramen  Vesalii  at  the  base  of  tbe  skulL      The  trunk  of  the  vein  then  passes 
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backward  behinrl  the  neck  of  the  lower  jaw,  and  unites  with  the  temporal  vein, 
forming  the  tem|M>rn-nKixillnry  vein. 

The  Temporo-Maxillary  Vein,  formed  by  the  finj^»n  of  the  temporal  and  internal 
maxillary  veins,  deseends  in  the  substance  of  the  pJirotid  gland  on  the  outer  surface 
of  the  external  carotid  artery,  between  the  ramus  (d'  the  jaw  and  the  Sterno-mastoid 
muscle,  and  divides  into  two  branehei^,  one  of  which  passci^  inward  to  join  the 
facial  vein  ;  the  other  is  joined  by  the  posterior  auricular  vein  and  becomes  the 
external  jugular. 

The  Posterior  Auricular  Vein  commences  upon  the  .side  of  the  heatl  by  a 
plexus  which  communicates  with  the  tributaries  of  the  temporal  and  occipital  veins. 
The  vein  descends  behind  the  extei*nal  ear  and  joins  the  temporo-maxillary  vein, 
forming  the  external  jugular.  This  vessel  receives  the  stjlo-mastoid  vein  and 
some  tributaries  from  the  back   part  of  the  external  ear. 

The  Occipital  Veins  commence  at  the  back  part  of  the  vertex  of  the  skull  by 
a  plexus  in  a  similar  manner  to  the  other  veins.  These  unite  and  foi^m  one  or 
two  veins,  which  follow  the  course  of  the  occipital  artery,  passing  deeply  beneath 
the  muscles  of  the  hack  part  uf  the  neck,  and  terminate  in  the  internal  jugular, 
occasionallv  in  the  external  jugular  vein.  As  these  veins  pass  across  the  mastoid 
portion  of  the  tem[>onil  bone,  one  of  them  receives  the  mastoid  vein,  which  thus 
establishes  a  communication  with  the  lateral  sinus. 


The  Veins  of  the  Neck. 

The  veins  of  the  neck,  which  retwrn  the  blood  from  the  bead  and  face,  are 
External  Jugular.  Anterior  Jugular* 


-the 


Posterior  External  Jugular. 

Vertebral. 


Internal  Jugular, 


The  External  Jugular  Vein  receives  the  greater  part  of  the  blood  from  th 
exterior  of  the  cranium  and  deep  paints  of  the  face,  being  formed  by  the  junction  o 
the  posterior  tli vision  of  the  temporo-maxillary  and  posterior  auricular  veins.  I 
commences  in  the  substance  of  the  parotid  gland,  on  a  level  with  the  angle  of  the 
lower  jaw,  and  runs  perpendicularly  down  the  neck  in  the  direction  of  a  line 
drawn  from  the  angle  of  the  jaw  to  the  middle  of  the  clavicle.  In  its  course  it 
crosses  the  Sterno-mastoid  muscle,  and  runs  parallel  with  its  posterior  border  as 
far  as  itB  attachmetit  to  the  clavicle,  where  it  perforates  the  deep  fascia,  and 
terminates  in  the  subclavian  vein,  on  the  outer  side  of  or  in  front  of  the  Scalenus 
anticus  muscle.  In  the  neck  it  is  separated  from  the  Sterno-mastoid  by  the  anterior 
layer  of  the  deep  cervical  fascia,  and  is  covered  by  the  Platysma.  the  superficial 
fascia,  and  the  integument.  This  vein  is  crossed  about  its  middle  by  the  siiper- 
ficialis  colli  nerve,  and  its  upper  half  is  accompanied  by  the  auticularis  magnus 
nerve.  The  external  jugular  vein  varies  in  size,  bearing  an  inverse  proportion  to 
that  of  the  other  veins  (tf  the  neck  ;  it  is  occasionally  double.  It  is  provided  with 
two  pairs  of  valves,  the  lower  pair  being  placed  at  its  entrance  into  the  subclavian 
vein,  the  upper  pair  in  most  cases  about  an  inch  and  a  half  above  the  clavicle. 
The  [lortion  of  vein  between  the  two  sets  of  valves  is  often  dilated,  and  is  termed 
the  »inn:i.  These  valves  do  not  prevent  the  regurgitation  of  the  blood  or  the 
passage  of  inject  it  ui  from  below  upward.^ 

Surgical  Anatomy, — Yenesection  used  fi^rraerly  to  be  t*erfitriued  on  the  exteruid  juirukr 
vein,  hut  is  in*w  |>riil>a!ily  never  resorted  to,  TIk*  anatumiciil  pinnl  to  he  reuiemberetl  \\\  per* 
formiiJL'  this  openilion  is  to  cut  iktoss  tht^  tibrc*5  of  the  Platysma  niyoides  in  inn  uintr  the  vein, 
m  that  by  their  fontniction  they  will  expose  the  orifice  in  the  vein  and  so  aUow  the  flow  of 
blood. 

Tributaries. — This  vein  receives  the  occipital  occasionally,  the  posterior  external 
jugular,  and   near  its  termination,  the  suprascapular  and  transverse  cervical  veins. 

*  The  fitudeni  may  refer  t*^  an  interesting  i>iiper  by  Dr.  Htruthers.  "On  .Jojtailar  Venesection  in 
Asphyxia,  anntomicafly  and  experim entail v  considered,  including  the  lX™f>nst ration  of  Valves  in 
the  Veins  of  the  Neck/^  in  the  Edh\burgh  Medical  Journal  for  November,  1856. 
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It  comraiinicates  with  tbe  aDterior  jugular,  ami,  in  the  substance  of  the  parotid, 
receives  a  large  branch  of  cumuHinicatirtn  from  the  internal  jugular. 

The  Posterior  External  Jugular  Vein  commences  in  tbe  occipital  region,  and 
returns  the  hlootl  from  the  integument  and  superficial  muj^cles  in  the  upper  and 
back  part  of  the  neck,  lying  between  the  Splcnius  and  Trapezius  mnBcles.  It  runs 
down  the  back  part  of  the  neck,  and  opens  into  the  external  jugular  just  below 
the  middle  of  its  coun^e* 

The  Anterior  JugTilar  Vein  comniences  near  the  hyoid  bone  from  the  con- 
vergence of  several  superficial  veins  from  tbe  snbmaxillary  region.  It  passes 
down  between  the  median  line  and  the  anterior  border  of  the  Sterno-mastoid, 
and  at  the  lower  part  of  the  neck  passes  beneath  that  muscle  to  open  into  the 
termination  of  the  external  jugular  or  into  the  subclavian  vein  (Fig.  388).  This 
vein  varies  considerably  in  sixe,  bearing  almost  always  an  inverse  proportion  to  the 
external  jugular.  Most  freipiently  there  are  two  anterior  jugulars,  a  right  and 
left,  but  occasionally  only  one.  This  vein  receives  some  laryngeal  veins,  and 
occasionally  a  small  thyroid  vein-  Jtiat  above  the  sternnm  the  two  anterior 
jtigular  veins  commimicate  by  a  transverse  trunk,  which  receives  tributaries  from 
the  inferior  thyroid  veins.  It  also  communicates  with  the  internal  jugular.  There 
are  no  valves  in  this  vein. 

The  Internal  Jugular  Vein  collects  tbe  blood  from  the  interior  of  the  cranium, 
from  the  superficial  parts  of  tbe  face,  and  from  the  neck.  It  commences  just 
external  to  the  jugular  foramen,  at  the  base  of  the  skull,  being  formed  by  tbe 
coalescence  of  the  lateral  and  inferior  petrosal  sinuses  (Fig.  386).  At  its  origin  it 
is  somewhat  dilated,  and  this  dilatation  is  called  the  ^inun,  or  gulf,  of  the  internal 
jugular  vein.  It  runs  down  the  side  of  tbe  neck  in  a  vertical  direction,  lying  at 
first  on  the  oirter  side  of  the  internal  carotid,  and  then  on  the  outer  side  of  the 
common  carotid,  and  at  the  root  of  the  neck  unites  with  the  subclavian  vein  to 
form  tbe  innominate  vein.  The  internal  jugular  vein,  at  its  commencement,  lies 
upon  the  Rectus  capitis  lateralis,  and  behind  the  internal  carotid  and  the  nerves 
piussing  through  the  jugular  foramen  ;  lower  down,  the  vein  and  artery  lie  uj>on 
the  same  plane,  the  glosso-pbaryngeal  and  hypoglossal  nerves  fmssing  forward 
between  them ;  the  pneumt>ga.*^tric  descends  between  and  behind  them  in  the 
same  sheath,  and  the  sjunal  accessory  passes  obliquely  outward  behind  the 
vein.  At  the  root  of  the  neck  the  vein  of  the  right  side  is  placed  at  a  little 
distance  from  the  artery ;  on  the  left  side  it  usually  lies  over  the  artery  at  its 
lower  part.  The  right  internal  jugular  vein  crosses  the  first  part  of  the  subclavian 
artery.  The  vein  is  of  considerable  size,  but  varies  in  dift'erent  individuals,  the 
left  one  being  usually  the  smaller.  It  is  provided  with  a  pair  of  valves,  which 
are  placed  at  its  point  of  termination  or  from  half  to  three-quarters  of  an  inch 
above  it. 

Tributariefl.*~This  vein  receives  in  itg  course  the  facial,  lingual,  pharyngeal, 
superior  aufl  micblle  thyroid  veins,  and  sometimes  the  occipital.  At  its  point  of 
junction  with  the  branch  common  to  the  temporo-maxillary  and  facial  veins  it 
becomes  greatly  increased  in  size. 

The  lingual  veins  commence  on  tbe  dorsum,  sides,  and  under  surface  of  tbe 
tongue,  and,  passing  backward,  following  the  course  of  tlie  lingual  artery  and  its 
branches,  terminate  in  tbe  internal  jugular.  Sometimes  tbe  ranine  vein,  which  is 
a  branch  of  considerable  size  commencing  below  the  tip  of  the  tongue,  joins  the 
linguaL  Generally,  however,  it  pjisses  backward,  crosses  the  Hyo-glossus  muscle 
in  ctunpany  with  the  hypoghjssal  nerve,  and  joins  the  facial. 

Tbe  pharyngeal  vein  commences  in  a  minute  plexus,  tbe  pharyngeal  at  tbe 
back  part  an<i  sides  of  the  pharynx,  and,  after  receiving  meningeal  tributaries 
and  the  Vidian  and  spheno-palatine  veins,  terminates  in  the  internal  jugular.  It 
occasionally  o]>ens  into  the  facial,  lingual,  or  superior  thyroid  vein. 

Tbe  superior  thyroid  vein  commences  in  the  substance  and  on  the  surface  of 
the  thj^roid  gland  by  tributaries  corresjionding  with  tbe  branches  of  the  superior 
thyroid  artery,  and  terminates  in  the  upper  part  of  the  internal  jugular  vein 


^    .i» 


J 


OF    THE   DIPLOE. 


63d 


The  Middle  thyroid  Tein  cnlleets  the  blond  from  the  lower  part  of  the  lateral 
lobe  of  the  thyroid  gland,  and,  being  joined  by  some  veins  from  the  larynx  and 
trachea,  terminates  in  ttie  lower  part  of  the  internal  jugular  vein. 

The  facial  and  occipital  veins  have  been  described  above. 

Siirgfical  Anatomy. — The  iutemal  Jugular  vein  tjocasionally  re<mires  ligature  in  eases  of 
septic  thrtMuhosi.s  <jf  lilt;  lateral  sinus  from  suppuration  in  the  midule  ear,  i  no  rder  to  prevent 
enilKilism  (>r  the  thonieic  viiicera..  This  operation  has  bt-en  performed  recently  in  several  cjises 
with  the  most  satisikftor>'  results.  The  cases  are  irenenilly  those  of  chronic  ^lisease  of  the  middle 
eaft  with  di*4charge  of  pas  which  pcrlmps  Ims  existed  fi>r  many  years.  The  patient  is  seized  with 
aeute  septic  inllammution,  sprejidin^  to  the  mastoid  cells,  and  eonsecjueat  *m  this  septic  throui- 
hosis  of  the  lateral  sinus  extetKlinL'  to  the  internal  jupulaj  vein.  Such  ea-ses  are  always  extremely 
^'^rave,  for  there  is  a  danger  of  a  portion  of  the  septic  clot  beioj^  detached  and  causing  septic 
embolism  in  the  thoraeie  yis<\!ra.  This  may  he  mechanically  pn? vented  by  lijrature  of  the  inter- 
nal JEgular  vein  in  the  middle  of  the  neciv.  The  operation  is  a  comparatively  simjde  iine,  and 
UKiy  l>e  peribnned  by  an  incision  similar  to  that  employed  in  ligature  of  the  common  carL»tid 
arter>\ 

The  Vertebral  Vein  erunmences  in  the  occipital  region  by  numerous  email 
tributaries  from  the  deep  muscles  at  the  upper  and  back  part  of  the  neck  ;  these 
pass  outward  and  enter  the  foramen  in  the  transverse  process  of  the  atlas,  and 
descend,  forming  a  dense  plexns  around  the  vertebral  artery  in  the  canal  formed 
by  the  transverse  processes  of  the  cervical  vertebne*  This  (ilexus  ynites  at  the 
lower  part  of  the  neck  into  two  main  trui^ks,  one  of  which  emerges  from  the 
foramen  in  the  transverse  process  of  the  sixth  cervical  vertebra,  and  the  other 
througli  that  of  the  seventh,  and,  uniting,  form  a  single  vessel,  which  terminates 
at  the  root  of  the  neck  in  the  back  part  of  the  innominate  vein  near  its  origin,  its 
mouth  being  guarded  by  a  pair  of  valves.  On  the  right  side  it  crosses  the  first 
part  of  the  subclavian  artery. 

Tributaries. — The  vertebral  vein  receives  in  its  course  a  vein  from  the  inside 
of  the  skull  through  the  posterior  condyloid  foramen ;  muscular  veins  from  the 
mwscles  in  the  prevertebral  region  ;  dorsi-spinal  veins,  from  the  back  part  of  the 
cervical  portion  of  the  spine ;  meningo-rachidian  veins,  from  the  interior  of  the 
spinal  canal ;  the  anterior  and  posterior  vertebral  veins;  and  close  to  its  termina- 
tion it  is  joined  by  a  »maU  vein  from  the  firsl  intereusta!  Mpace  which  accompanies 
the  superior  intercostal  artery.     (See  page  666.) 

The  anterior  vertebral  vein  commences  in  a  jdexus  around  the  transverse  pro- 
cesses of  the  upper  cervical  vertebrae,  descends  in  com|mny  with  the  ascending 
cervical  artery  between  the  Scalenus  anticus  and  Rectus  capitis  anticus  major 
inseles,  and  opens  into  the  vertebral  vein  just  before  its  termination. 

The  posterior  vertebral  vein  (the  deep  cervical)  accompanies  the  profunda  eer- 
vicis  artery,  lying  htnween  the  Com  plexus  and  Semispinalis  colli.  Il:  commences 
in  the  suboccipital  region  by  communicating  branches  from  the  occipital  vein  and 
tributaries  from  the  deep  muscles  at  the  back  of  the  neck*  It  receives  tribu- 
taries from  the  plexuses  around  the  spinous  processes  of  the  cervical  vertebrae,  and 
terminates  in  the  lower  end  of  the  vertebral  vein. 

The  Veins  of  the  Diploe, 

The  diploe  of  the  cranial  bones  is  channelled  in  the  adult  by  a  number  of 
tortuous  canals,  which  ate  lined  by  a  more  or  less  complete  layer  of  compact 
tissue. 

The  veins  they  contain  are  large  and  capacious,  their  walls  being  thin,  and 
formed  only  of  endothelium  resting  upon  a  layer  of  elastic  tissue,  and  they  pre- 
sent at  irregular  intervals  pouch-like  dilatations,  or  culit-de'SiU\  which  serve  as 
reservoirs  for  the  blood.  These  are  the  veins  of  the  diploe;  they  can  only  be 
displayed  by  removing  the  outer  table  of  the  skull. 

In  adult  life,  as  long  as  the  cranial  bones  are  distinct  and  separable,  these 
veins  are  confined  to  the  particular  hones;  but  in  old  age,  when  the  sutures  are 
unitod,  they  communicate  with  each  other  and  increase  in  size.  These  vessels 
communicate,  in  the  interior  of  the  cranium,  with  the  meningeal  veins  and  with 
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the  sinuses  of  the  dura  mater,  and  on  tlie  exterior  of  the  skull  witb  the  veins  of 
the  pericranium.  They  are  divided  into  the  fntntaU  whieli  opens  into  rbe  supra- 
orbital vein  by  an  aperture  in  tbe  i^upra-orbital  noteh  ;  tbe  anterior  temporal, 
which  is  GoDfined  chiefly  to  the  frontal  bone,  and  opens  into  one  of  the  deep 
temporal  veins,  after  escaping  by  an  aperture  in  the  great  wing  of  the  sphenoid  : 


% 


Fig,  3S2.  — Veins  of  Ihe  Diplo^  ha  displnyed  by  the  removal  of  the  outer  lablr  of  the  skutL 

the  po»tcr^or  fi'tHpara}^  which  is  confined  to   the  parietal    hi^ne,  anil  terminates  in 

the  lateral   sinus  by  an   aperture  at   the  posterior   inferior  angle  of  the  parieta! 

I  bone  ;  and  the   oveipital^  the  largest  of  the  four,  wbieh  is  confined  to  the  ucctpital 

fT)one,  and  opens  either  into  the  occipital  vein  or  internally  into  the  lateral  sinus 

or  torcular  Herophili. 

The  Cerebral  Veins* 

The  Cerebral  Vems  are  remarkable  for  the  extreme  thinnes.s  of  their  coats  in 
consefjuence  of  the  muscular  I  issue  in  tliem  being  wanting,  and  for  the  iihsence 
of  valves.  Tbey  may  be  divided  into  two  sets:  the  superfieiaU  which  are  placed 
on  the  surface,  and  the  deep  veins,  which  occupy  the  interior  cd'  the  organ. 

The  Superficial  Cerebral  Veins  ramify  upon  the  surface  of  the  brain,  being 
lodged  in  the  sulci  between  the  convolutions,  a  few  running  across  the  convolu- 
tions. They  receive  branches  from  the  substance  of  the  brain  and  terminate  in 
the  sinuses.  They  are  named,  fri>m  the  position  they  occupy,  superior,  median, 
and  inferior  cerebral  veins. 

The  Superior  Cerebral  Veins,  eight  to  twelve  in  number  on  each  side,  return 
the  blood  from  the  convolutions  on  the  superior  surface  of  the  hemisphere;  they 
pass  forward  and  inward  tow^ard  the  great  longitudinal  fissure,  where  they  receive 
the  median  cerchral  vem»  :  near  their  termination  tliey  become  invested  with  a 
tubular  sheath  of  the  ariichnoid  membrane,  and  open  into  the  superior  longitudi- 
nal sinus  in  the  opposite  di recti* ui  ti>  the  course  of  the  bhxKl. 

The  Median  Cerebral  Veins  return  the  blood  fr**m  the  convolutions  of  the  mesial 
surface  of  the  corresponding  hemisphere;  they  open  into  the  superior  cerebral 
veins,  or  occasionally  into  the  inferior  longitudinal  sinus. 

The  Inferior  Cerebral  Veins  ramify  on  the  lower  part  of  the  outer  and  on  the 
under  surface  of  the  cerebral  bt^misphere.  Some,  cidlecting  tributaries  from  the 
under  aurfuce  of  the  anterior  lobes  of  the  brain,  terminate  in  the  cavernous  sinus. 
One  vein  of  large  size,  the  middle  cerebral  vehh  commences  on  the  under  surface 
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of  the  teraporo-sphenoidal  lobe,  and,  ritnniDg  along  the  fissure  of  Sylvius,  openB 
into  ihe  eavernous  si  mis.  Another  large  vein,  the  ifveaf  an  auto  mot  it'  vein  of  Tm- 
lardy  commences  on  the  parietal  lobe,  runs  along  the  horizontal  limb  of  the  fissure 
of  Sylvius,  and  opens  into  the  anterior  part  of  the  cavernous  sinus  under  the  lesserf 
wing  of  the  sphenoid.  Others  commence  on  the  under  surface  of  the  base  of  the  ^ 
brain,  and  unite  to  form  from  three  to  five  veins,  which  open  'into  the  superior 
petrosal  ami  iMtej-al  i^inuses  from  before  backward. 

The  Deep  Cerebral,  or  Ventricular  Veins  {vena'  Oaleni),  are  two  in  number. 
They  are  formed  by  the  union  of  two  veins,  the  imta  corpoj-itt  $triati,  and  the 
choroid  vein,  on  either  side.  They  run  backward,  parallel  with  one  another, 
between  the  layers  of  the  velum  interpositum,  and  pass  out  of  the  brain  alf 
the  great  transverse  fissure,  between  the  posterior  extremity,  or  spleniurn.  of  the 
corpus  callosum  and  the  tubercula  quudrigemina,  to  enter  the  straight  sinus.  The 
two  veins  usually  unite  to  form  one  Ijefore  opening  into  the  straight  sinus. 

The  vena  corporis  stria ti  commences  in  the  groove  between  the  corpus  striatum 
and  ihalanuis  opticus,  receives  numerous  veins  from  both  of  these  parts,  and  unites 
behind  the  anterior  pillar  of  the  fornix  with  the  choroid  vein  to  form  one  of  the 
venfi*  Galeni, 

The  choroid  vein  runs  along  the  whole  length  of  the  outer  border  of  the  choroid 
plexus,  receiving  veins  frotn  the  hippocampus  major,  the  fornix  and  corpus  callosum, 
and  unites,  at  the  anterior  extremity  of  the  choroid  plexus,  with  the  vein  of  the 
corpus  striatum. 

The  Cerebellar  Veins  occupy  the  surface  of  the  cerebellum,  and  are  disposed  in 
three  sets,  superior,  inferior,  and  lateral.  The  superior  pass  forward  and  inward 
across  the  superior  vermiform  process,  and  terminate  in  the  straight  sinus ;  some 
open  into  the  vcme  (taleni.  The  inferiGr  cerebellar  vein»^  of  large  size,  run  trans- 
versely outward,  and  term iu ate  by  two  or  three  trunks  in  the  lateral  sinuses.  The 
lateral  cerebellar  veins  terminate  in  the  superior  petrosal  sinuses. 

The  pori vascular  lymph-sheaths  alluded  tcj  above  (see  page  87)  are  espeeially  fouat!  in  chju- 
nei'tion  with  the  ves^t^U  uf  the  brain.     These  vessels  are  endoee*!  in  a  sheath  which  act*  us  a 
lyiophiUi^T  ehaanel  thruutrh  which  the  lymph  m  carried  to  the  subarachnoid  and  subdural  6pace8|| 
irom  which  it  is  returned  into  the  >^eneml  eirculation. 

The  Sinuses  of  the  Dura  Mater. 

The  sinuses  of  the  dura  mater  are  venoui  channels,  analogous  to  the  veins,  their 

outer  coat  being  f<irm€*d  by  the  dura  mater ;  their  inner,  by  a  continuation  of  the 
lining  mcTuhrane  of  the  veins.  They  are  fifteen  in  number,  and  are  divided  into 
two  sets :  1.  those  situateil  at  the  upper  and  back  part  of  the  skull ;  2,  those  at 
the  base  of  the  skull.     The  former  are — the 


Superior  Longitudinal. 
Inferior  Longitudinal. 

Occipital  Sinus. 


Straight  Sinus. 
Lateral  Sinuses. 


The  Superior  Longitudinal  Sinus  occupies  the  attached  margin  of  the    falx 
cerebri.      Commencing  at  the  foramen  caecum,  through   which  it  constantly  com*^ 
municates  by  a  small  branch  with  the  veins  of  the  nasal  tyssa%  it  runs  from  before^ 
backward,  grooving  the  inner  surface  of  the  frontal,  the  adjacent  margins  of  the 
two  parietal,  and  the  superior  division  of  the  crucial  ridge  of  the  occijiital  bone, 
and  terminates  by  o|>ening  into  the  torcular  H*ero]diili,     The  sinus  is  triangular' 
in  form,  narrow  in  front,  and  gradually  increasing  in  size  as  it  ]>as!jies  l)ackward. 
On  examining  its  inner  surface  it  presents  the  internal  openings  of  the  superior 
cerebral  veins,  which  run,  for  the  most  part,  from  behind  forward,  and  open  chiefly 
at  the  back   part  of  the  sinus,   their  orifices  being  concealed  by  fibrous  folds; 
numerruis  fibrous  bands  {ehordiT    Willimi)  are  also  seen,  extending  transversely 
across  the  inferior  angle  of  the  sinus;  and,  lastly,  some  small,  white,  projecting 
bodies,  the  tflandulte  J\ieehioni,     This  sinus  receives  the  superior  cerebral  veins^ 
numerous  veins  from  the  diploe  and  dura  mater,  and,  at  the  posterior  extremity 
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of  tbe  gagittal  suture,  veins  from  the  pericranium,  which  pass  through  the  parietal 
foramen. 

The  torciilar  Herophili  is  the  dilated  extremity  of  the  superior  longitudinal 
sinus.  It  is  of  irregular  form,  and  is  lodged  on  one  side  (generally  the  right) 
of  the  internal  occipital  protuberance.  From  it  the  lateral  sinus  of  the  side 
to  which  it  is  deflected  ls  derived.  It  receives  also  the  blood  from  the  occipital 
sinus. 

The  Inferior  Lougitudmal  Sinus,  more  correctly  described  as  the  iiiferior  hmtji- 
tuiiinal  vein,  is  contained  in  the  posterior  part  of  the  free  margin  of  the  falx 
cerebri.  It  is  of  a  cylindrical  ibrm,  increases  in  size  as  it  passes  backward^  and 
terminates  in  the  straight  sinus.  It  receives  several  veins  from  the  falx  cerebri, 
and  occasionally  a  few  from  the  mesial  surface  of  the  heniis|^heres. 

The  Straight  Sinus  is  situated  at  the  line  of  junction  of  the  falx  cerebri  with 
the  ten  tori  um.  It  is  triangular  in  form,  increases  in  size  as  it  j>rocecds  backward^ 
and  rims  obliijuely  downward  and  backward  from  the  termination  of  the  inferior 
longitudinal  sinus  to  the  lateral  sinus  of  the  opposite  side  to  that  into  which  the 
superior  longitudinal   sinus   is   prolonged.      It   ccuumnnicates  by  a  cross  branch 


Tkfreidar  herophili. 


Fbramen  cmeum. 


Plo*  9^.  -Vertical  «ectloD  of  the  skaU,  Ehowlng  the  slnufies  of  the  rlum  mnter. 

With  the  torcular  Herophili.  Beside  the  inferior  loagitndinal  sinus,  it  receives 
the  ven^e  Galeni  and  the  superior  cerebellar  veins.  A  few  transverse  bands  cross 
its  interior. 

The  Lateral  Sinuses  arc  of  large  size,  and  are  sitwated  in  the  attached  margin 
of  the  tentorium  ecrebelli.  They  commence  at  the  internal  occipital  protuberance, 
the  one,  generally  the  right,  being  the  direct  continuati<m  of  ilie  superior  longi- 
tudinal sinus,  the  other  of  the  straight  sinus.  They  pass  horizontally  outward 
to  the  base  cd' the  petrous  portion  of  the  temporal  bone,  then  curve  downward  and 
inward  on  each  side  to  reach  the  jugular  foi-amen,  where  they  terminate  in  the 
internal  jugular  vein.  Each  sinus  rest.**,  in  its  cotirse,  upon  the  inner  surface  of 
the  occifiitab  tbe  posterior  inferior  angle  of  the  parietal,  the  mastoid  portion  of  the 
temporal,  and  on  the  occipital,  again  just  before  its  termination.  Tliese  sinuses 
are  fre!|iieutly  of  nnoipojl  size,  that  formed  by  the  superior  longitudinal  sinus  being 
the  larger,  and  they  increase  in  size  avS  they  prr>eeed  from  beliind  forwariL  The 
horizontal  portion  is  of  a  triangular  form,  the  curved  [lortion  semicvlindricaL 
Their  inner  surface  is  smooth,  and  not  crossed  by  the  fibrous  hands  found  in  the 
other  sinuses.  These  sinuses  receive  the  blood  fn^m  the  superior  petrosal  sinuses 
at  the  base  of  the  petrous  p^*rtion  of  the  temporal  bone,  and  they  unite  with  the 
inferior  petrosal  sinus,  just  external  to  the  jugular  foramen,  to  form   tbe  internal 
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jugular  vein  (Fig.  386),  They  communicate  with  the  veins  of  the  pericranium 
by  means  of  tlie  mastoid  and  posterior  condyloid  veins,  and  they  receive 
anme  of  the  inferior  cerebral  and  inferior  cerebellar  veins  and  some  veins  from 
rhe  diploe. 

The  Occipital  is  the  smallest  of  the  cranial  sinuses.  It  is  generally  single,  hut 
occa?^ionally  there  are  two.  It  is  situated  in  the  attached  margin  of  the  fiilx  cere- 
belli.  It  commences  by  several  small  veins  around  the  margin  of  the  foramen 
magnum,  one  of  which  joins  the  termination  of  the  lateral  sinus;  it  communicates 
with  the  posterior  spinal  veins  and  terminates  in  the  torcular  Herophili. 

The  sinuses  at  the  base  of  the  skull  are— the 


Cavernous. 

Circular, 


Transverse. 


Superior  Petrosal. 
Inferior  Petrosal. 


The  Cavernous  Sinuses  are  named  from  their  presenting  a  reticulated  structure. 
They  are  two  in  number,  of  large  size,  and  |»la€ed  one  on  each  side  of  the  sella 


Dura  matt^  lining' 
pHuitary  fmsa. 


yLininfj  membrane  of  tinmg, 
^Third  ntrve. 


^-j 


Biith  nerve,- 
Internal  candid.^ 


^Fourth  ner9e, 

/'Firid  division  of  jS/tJIt  nertc 


FIG.  3S4,— Plan  ihowing  the  relative  poAitlon  of  Ibe  slructunn  in  the  right  caveraous  slntia*  viewed  ftom 

behind. 

turcica,  extending  from  the  sphenoidal  fissure  to  the  apex  of  the  petrous  portion 
c»f  the  temporal  b<ine;  they  receive  anleriurly  the  ophthalmic  vein  through  the 
sphenoidal  fissure,  and  open  behind  into  the  petrosal  sinuses.  On  the  inner  wall 
of  each  sinus  is  found  the  internal  carotid  artery,  accompanied  by  filaments  of  the 
carotid  plexus  and  by  the  sixth  nerve  ;  and  on  its  outer  wall,  the  third,  fourth,  and 
ophthalmic  division  of  the  fifth  nerve.  These  parts  are  separated  from  the  blood 
flowing  along  the  sinus  by  the  lining  membrane,  which  is  continuous  with  the 
inner  coat  of  the  veins.  The  cavity  of  the  sinus,  which  is  larger  behind  than  in 
front,  is  intersected  by  filaments  t*f  fibrous  tissue  and  small  vessels.  The  cavernnus 
sinuses  receive  some  of  the  cerebral  veins;  they  comuiunicate  with  the  lateral 
sinuses  by  means  of  the  superior  and  inferior  petrosal,  and  with  the  facial  vein 
through  the  ophthulniic.  They  also  communicate  with  each  other  by  means  of  the 
circular  sinus. 

Surgical  Anatomy. — An  arterio-venons  eomnumication  njay  he  established  between  the 
cavernuiis  mius  ami  the  carotid  iirterv,  as  it  lies  ia  it,  Lnviuir  rhe  to  a  pulsalinp  tumor  in  the 
orbit.  These  comauunLiitioii-^Tniiy  be  tlio  result  of  injury,  such  as  a  bullet  wound,  a  slab,  ur  a 
blow  or  full  '^nrtiL'icn dy  severe  to  muse  a  fracture  of  the  base  oF  the  skull  in  tins  situation,  or 
they  may  oeear  idiu[iEtt]ii«illy  from  the  rupture  of  an  aneurism  or  a  diseased  oondition  of  tlie 
iatemal  Larotid  artery.  The  disease  beeins  with  #^u<lden  noise  aad  paiu  in  the  hend,  fulloweil  by 
ciuphthahuos,  and  devel*>puient  of  a  pidsiiting  tumor  at  the  mar^nu  of  the  orbit,  witli  thrill 
anil  the  chantrtiristie  hrnlt.  In  some  eases  the  opposite  orhit  beeiunes  affected  by  the  piussiiee 
of  the  arterial  bloo<l  iiUo  the  oppi^site  siaus  by  means  of  the  cirt*ubir  siniLs.  Or  the  arterial 
blood  niay  find  its  way  ihrouLdi  the  euussar>'  veins  (.see  pa*re  f»»V3)  into  the  pterygoid  plexus,  iind 
thenee  into  the  veins  of  the  taee.  Pulsatinir  tumors  of  the  orbit  may  alst:>  be  dae  to  trauuiatic 
aneurism  of  one  of  the  orbital  arterie>*,  and  symptoms  resembliuif  those  of  pulsating  tumor  niay 
be  produced  by  pressure  on  the  ophthalmic  vein,  as  it  enters  the  sinus,  by  au  aneuriiim  of  the 
internal  carotid  artery. 

The  ophtlialmic  is  a  large  vein  which  connects  the  angular  vein  at  the  inner 
anerle  of  the  orbit  with  the  cavernous  sinus ;  it  pui'sues  the  same  course  as 
the  ophthalmic  artery,  and  receives  tributaries  corresponding  to  the  branches 
derived    from    that    vessel.     Forming    a  short    single   trunk,   it    passes  through 
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the  inner  extremity  of  the  sjihenoidal  fissure  and  terminates  in  the  cavernous 
sinus. 

The  Infmor  Ophihalmic  Vein, — Sometimes  the  veins  from  the  floor  of  the  orbit 
collect  into  a  sejianite  trunk,  the  in f trior  ophthalmie  rein,  which  either  yiasses  out 
of  the  orbit  through  the  spheno-mjixillary  fissure  to  join  the  pterygoid  plexus  of 
veins,  or  else,  passing  backward  through  the  sphenoidal  tissure,  it  enters  the 
carernous  sinus,  either  by  a  separate  opening  or  in  common  with  the  ophthalmic 
vein. 

The  Circular  Sinus  is  f<irmed  by  two  transverse  vessels  which  connect  together 
the  two  cavernous  sinuses,  tbe  one  passing  in  front  and  tbe  other  behind  the 
pituitary  body,  and  thus  fnrtning  with  the  cavernous  sinuses  a  venous  circle  around 
the  body.  The  anterior  one  is  usually  the  larger  of  the  two,  and  one  or  other  is 
occasionally  found  to  be  absent. 

The  Superior  Petrosal  Sinus  is  situated  along  tlie  superior  border  of  the  petrous 
portion  of  the  temporal  b<uio,  in  the  front  paj't  of  the  attached  margin  of  the 
tentorium.       It    is    small    and    narrow,    and    connects    together   the   cavernous 


f  ^Opminp  of  mtut4>id 


WSkr^fwr^ 


'  Torathir  HeTyiphiH. 
Pio,  885.— The  »inuse*  at  the  base  of  the  «kuU. 


and  lateral  ainu.^es  at  each  side.  It  receives  a  cerebellar  vein  {anterior  lateral 
a-reheihir)  from  the  anterior  border  of  the  cerebellum,  and  a  vein  from  the 
internal   ear. 

The  Inferior  Petrosal  Sinus  is  situated  in  the  groove  formed  by  the  junction  of 
the  posterior  border  of  the  petrous  portion  of  the  ten] poral  with  the  basilar  pn^cess 
of  the  occipital.  It  commences  in  front  at  the  termination  of  the  cavernous  sinus, 
and  behind  joins  the  lateral  sinus  after  it  lias  passed  through  the  jugular  foramen, 
the  junction  of  these  two  sinuses  forming  tlie  ci*uimeucement  of  the  internal 
jugular  vein. 

The  junction  of  the  two  sinuses  takes  place  at  the  lower  border  of,  or  just 
external  to,  the  jugular  foramen.  The  exact  relation  of  the  parts  to  one  another 
in  the  foramen  is  as  follows:  The  inferior  petrosal  sinus  is  in  front,  with  the 
meningeal  branch  of  the  ascending  pharyngeal  artery,  and  is  directed  obli(^uely 
downward  and  Imckward  ;  the  lateral  sinus  is  situated  at  the  back  part  of  the  fora- 
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men  with  a  meninpenl  branch  of  the  occipital  artery,  and  between  the  two  are 
the  glosso-phfiryngeaK  pncMimogastric,  and  spinal  accessory  nerves.  These  three 
sets  of  structures  are  divided  from  each  other  by  two  jjrocesses  of  fibrous  tissue. 
The  junction  of  the  sinuses  takes  phice  superficial  to  the  nerves,  so  that  these  latter 
lie  a  little  internal  to  the  venous  channels  in  the  foramen  (see  Fig,  386).  These 
sinuses  are  semicylindrical  in  form. 

The  Transverse  Sinus,  or  basilar  sinus,  consists  of  several  interlacing  veins 
between  the  layers  of  the  duramattT  over  the  bus iUr  process  of  the  occipital  bone, 
which  serve  to  connect  the  two  inferior  petrosal  sinuses.  With  them  the  anterior 
spinal  veins  communicate. 

Emissary  Veins.- — ^The  emissary  veins  are  vessels  which  pass  through  apertures 


Inferhr 
petroml  mntut 


^Qplae  nerve 


-I}or»Hm  selhe 


9lh,  imh,  and  llth 
naniftl  nervfM 


Fio.  386.— Rein t Ion  of  nerve*  U*  eiuyses  in  Jugular  ft^miiivn.    i  Heiile.) 

in  the  cranial  wall  and  establish  communications  between  the  sinuses  inside  the 
skull  and  the  veins  external  to  it.  Some  of  these  are  always  present,  others  only 
occasionally  so.  They  vary  much  in  size  in  ilifferent  imlividuals.  The  principal 
emissary  veins  arc  the  followiu«r:  1.  A  vein,  almost  always  j>resent.  which  passes 
through  the  mastoid  f<iramen  and  connects  the  lateral  sinus  with  the  posterior 
auricular  or  with  an  occipital  vein.  2.  A  vein  which  passes  through  the  parietal 
Pu^amen  and  connects  the  superior  longitudinal  sinus  with  the  veins  of  the  scalp. 
•J-  A  plexus  of  minute  veins  which  pass  throw (iijh  the  anterior  eondvbud  foramen 
and  connect  the  *»ecipital  sinus  with  the  vertebral  vein  and  deefi  veins  of  the  neck. 
4,  An  inconstant  vein  which  passes  throti^h  the  posterior  condyloid  foramen  and 
connects  the  lateral  sinus  with  the  dee|)  veins  of  the  neck-  *^k  *hie  or  two  veins 
of  considerable  size  which  pass  through  the  foramen  ovale  and  connect  the  cav* 
ernous  sinus  with  the  pteryg<iid  and  pharyngeal  plexuses.  6.  Two  or  three  small 
veins  which  pass  through  the  foramen  lacenmi  medium  and  connect  the  cavernous 
sinus  with  the  pterygoid  and  pharyngeal  plexuses.     7.  There  issi>metimei:  a  small 
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vein  passing  through  the  foramen  of  Veflalius  connecting  the  same  parts^  8.  A 
plexus  of  veins  passing  through  the  carotid  canal  and  Ci'iinccting  the  cav- 
ernous 8inu8  with  tlie  internal  jugular 
vein- 
Surgical  Anatomy.— These  emissary* 
veins  are  ut'  >rreat  iiJiiiurtarKe  in  surgerj%  In 
fiilditiori  til  theoi  there  are,  however  othertTiiu- 
iniinieatbns  Ix'tweeii  the  intni- iiad  extra  era- 
iiial  tureulatie?!,  ttj^,  tbr  iiistanee,  the  eummuui- 
ratirm  ut"  the  anirular  and  j^iipi-a-nrliital  veins 
with  the  ophrhalQiic  \'vm  at  the  inner  angle  of 
the  orbit  (pa^a^  1^53),  and  the  efniiiimnieatioii 
of  the  veins  of  the  scalp  widi  the  iliploic  veins 
ipa^^e  658).  Through  thes^?  wmiumniealioas 
iuflaDimator}-  prwei^sei*  eomineni-iu^,'  on  thf  out- 
ride of  the  skull  njay  travel  inwani  leading  to 
oHteo-pMehitis  of  the  (hplf^e  and  inflaniinatioa 
of  the  nieuihranes  of  the  brain.  To  ihis  nuiBt 
]»e  attrihuted  one  of  the  prineipal  dau^'er^  of 
scalp  wiintnls  and  other  injuries  of  the  »ealp. 

By  means  of  these  emissiiry  veins  hly<jd 
may  he  aljj^trjieled  ahiiost  direetly  from  the 
iiitraeraTiiaJ  eireiilation.  For  iustanee,  leeches 
ajiplied  hehuitl  the  ear  ahstnui  hliHMl  ahneat 
direetly  fr*mj  the  latend  sinns  thmuLdi  ilieveiii 
passing  throu^^li  the  mastoid  fommen.  Airain, 
epist  axis  in  ehiltlren  will  lierpient  ly  relieve  severe 
headaehe,  the  hiood  whieli  flows  from  the  nose 
l>einjEr  derived  trum  the  lougitudinal  siniL^  by 
means  of  the  vein  wliieh  paj^ses  throu^^h  the 
foramen  e;eeum,  whieh  is  another  eunnntmica- 
tiun  hetw^eeii  the  intraeranial  and  extraersinial 
circulation  whieh  ih  constantly  tbtind  in  children. 


r-W"^ 
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Mediate  Gij^^H^'^ 
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Fig. 887.— The  fcuperfleial  veins  uf  tlie  iipi»er  txtrerally. 


VEENS  OF  THE  t^PER  EXTREMITY 
AND  THORAX. 

The  ve in.s  of  th e  I' pper  Ex t rem i ty  are 
divided  into  twoset.s,  HUperfaai ami  tleep. 

The  Superficial  Veins  are  ]*hiced  inj- 
mcdiately  henealh  the  integument  he- 
twee  ri  the  two  hi  very  of  superficial  fa,seia. 

The  Beep  Veins  accoin party  the  ar- 
teries, and  constitute  the  venie  eotnites 
of  those  vessels. 

Both  sets  of  vessels  are  provided  with 
valves,  whicli  ore  more  numerous  in  the 
deep  than   in   the  superficiah 

The  superficial  veins  of  the  upjter 
extremity  are — the 

Superficial  veins  of  the  Hand. 

Anterior  Ulnar* 

Posterior  Ulnar. 

Common  Ulnar. 

Radial. 

Median, 

Median  Basilic. 

Median  (Jepbalic. 

Basilic. 

Cephalic. 


The  Superficial  Veins  of  tlie  Hand  and  Fingers  are  principally  situated  on  the 
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HofSal  surface,  and  form  two  plexuses,  an  inner  and  outer,  on  the  back  of  the 
hand.  The  inner  plexus  is  forraed  by  the  veins  from  the  little  finger  {vena  Haha- 
fella),  the  ring  fiu^zer,  and  the  ulnar  side  of  the  middle  finger  ;  from  it  the  anterior 
aod  |»os!tcrior  ulnar  veins  are  derived.  Tbe  outer  plexus  is  formed  by  veins  from 
the  thumb,  the  index  finger,  and  radial  side  of  the  middle  finger;  from  it  the 
radial  vein  is  derived.  These  two  plexuses  communicate  on  the  back  of  tbe  band, 
foriuing  ihe  superficial  areb  of  veins  in  this  situation.  The  superficial  veins  from 
the  palm  of  the  band  form  a  plexus  in  front  of  the  wrist,  from  which  tbe  median 
vein  is  derived. 

The  Anterior  Ulnar  Vein  commences  on  tbe  anterior  surface  of  (he  ulnar  side 
of  the  hand  and  wrist,  and  ascends  ahmg  the  anterior  surface  of  the  ulnar  side  of 
the  forearm  to  tbe  bend  of  tbe  elbow,  where  it  joins  with  the  posterior  ulnar  vein 
to  form  tbe  common  ulnar.  Occasionally  it  opens  se|jarately  into  the  median 
basilic  vein.  It  coiumunicates  with  branches  of  the  median  vein  in  front  and 
with  tbe  posterior  ulnar  behind. 

The  Posterior  Ulnar  Vein  commences  on  the  postetior  sut*face  of  the  ulnar  side 
of  J  he  wrist.  It  runs  ou  the  posterior  surface  of  the  ulnar  side  of  tbe  forearm, 
and  just  below  the  elbow  unites  with  the  anterior  ulnar  vein  to  form  the  comuum 
ulnar,  or  else  joins  the  median  basilic  to  form  the  basilic.  It  communicates  with 
the  deep  veins  of  the  [lalm  by  a  branch  which  emerges  from  beneath  tbe  Abductor 
minimi  digiti  musrle. 

The  Common  Ulnar  is  a  short  trunk  which  is  not  constant.  When  it  exists  it 
is  IVirmed  by  the  junction  of  the  two  precepting  veins,  and,  passing  upward  and 
outward,  jiiins  the  median  basilic  to  form  the  basilic  vein.  When  it  does  not 
exist  the  anterior  and  posterior  ulnar  veins  open  separately  into  the  median 
basilic  vein. 

Tbe  Radial  Vein  commences  from  tbe  dorsal  surface  iy{  the  wrists  communis 
eating  with  tbe  deep  veins  of  the  palm  by  a  branch  whicb  passes  throngh  the 
first  interosseous  space.  It  forms  a  large  vessel,  which  ascends  along  the  radial 
side  of  the  forearm  and  receives  numerous  veins  from  both  its  surfaces.  At 
the  bend  of  tbe  elbow  it  unites  with  the  median  cephalic  to  form  the  cephalic 
vein. 

The  Median  Vein  ascends  on  the  front  of  the  forearm,  and  commnnicates  with 
the  anterior  ulnar  and  radia!  veins.  At  tbe  bend  of  the  elbow  it  receives  a  branch 
of  communication  fmm  the  ileep  veins,  and  divides  into  two  branches,  the  median 
cephalic  and  luedian  basilic,  which  diverge  from  each  other  as  they  ascend. 

The  Median  Cephalic,  usually  the  smaller  of  the  two,  pasi^es  outward  in  tbe 
groove  between  tbe  Supinator  longus  and  Biceps  muscles,  and  joius  with  the 
mdial  to  form  the  cefihalic  vein.  The  branches  of  the  external  cutaneous  nerve 
pass  beneath  this  vessel. 

The  Median  Basilic  Vein  [msses  rtblif|uely  inward,  in  the  gr**ove  between  the 
Biceps  and  Pronator  radii  teres,  and  joins  the  common  ulnar  to  form  the  basilic. 
This  vein  passes  in  front  of  the  bi^achial  artery,  from  which  it  is  separated  by  a 
fibrous  exyiausiou  (the  bkipital  faacin)  which  is  given  off  from  the  tendon  of  the 
Biceps  to  the  fascia  covering  the  Flexor  muscles  of  the  foreann.  Filaments  of 
tbe  internal  cutaneous  nerve  pass  in  front  as  well  as  btdiiud  this  vessel* 

Venesection  is?  iLsually  performed  at  the  Wad  of  the  elbow,  and  as  a  matter  of  practice  the 
lariicst  veta  in  this  situutiou  is  commonly  selected.  Tliis  is  usually  the  medvau  basilic,  aud  there 
an?  miiitoiiiit'al  udvantages  aud  disadvaotajtres  iu  seleetiiiie:  this  vein.  The  advantuires  urt%  that 
in  arlditinn  to  its  Ix'iiiL^  the  largest,  and  therefore  yieldiiiir  a  jrreater  supply  of  blood,  it  is  ilie 
least  uioviihle  and  can  he  eiLsiiy  steadied  i>a  the  bicipital  fascia  on  which  it  rcsLs,  The  dij?ad van- 
tages are,  that  it  iis  in  ck>se  relati<*njship  with  the  bmchial  artery,  separated  only  by  the  bicipital 
fast-ia ;  and  Jbnnerly,  when  venesection  wai*  fn-Hpicatly  practised,  a rterio- venous  aneurism  was 

*  Cravejllikr  wiys:  "  Naaieroort  varictici^  an*  otjserved  in  the  (lisp<i*iifioii  of  the  veins  of  the 
elbow;  soioeliincs  ttie  common  median  vein  is  wiinting;  hut  in  thust^  crises  its  two  branches  are  fur- 
nLshi'd  by  the  nidinl  vein,  and  ttie  cephalic  is  siloiOKt  always  in  a  rudinienliirv  condition.  In  other 
ca>ies  nnly  two  veins  are  found  al  tiie  Wnd  of  tlie  ellH^w,  llie  radial  and  ulnar,  which  are  continuous, 
withont  any  demareiitiun,  with  the  cephoHe  and  basilic." 
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no  uncomtuon  result  of  this  practice.  Another  disadvuntaire  is,  that  the  ruetliaii  hasilic  ii 
crosseil  hy  some  of  the  branches  of  the  internal  cutaneous  nerve,  and  these  may  be  divided  in 
the  oporatioij,  giving  rise  to  *'  truumiitic  neuralgiii  of  extreme  intensity  '*  (Tillanx). 

The  Basilic  Vein  is  of  considenible  size,  formed  by  the  cr)alej<cenec  of  the 
comtuon  ulnar  vein  with  the  ohkIiiih  basilic.  It  passes  upward  alon^  the  inner 
i^ide  of  the  Biceps  niusele,  pierces  the  deep  fascia  a  little  below  the  middle  of  the 
arm,  and.  ascending  in  the  course  of  the  brachial  nrterv,  terminates  in  the  axil- 
lary vein,  which  receives,  a  Uttle  higher  up,  the  braehiul  ven;e  comites. 

The  OepbaUc  Vein  courses  along  the  outer  border  of  the  Biceps  muscle,  lying 
in  the  stimegn»ove  with  the  upper  external  cutanecHis  branch  of  the  mnsculo-spiral 
nerve,  to  the  upper  third  at'  the  arm  ;  it  then  passes  in  the  interval  between  the 
Peet oralis  major  and  Deltoid  muscles,  lying  in  the  same  groove  with  fbe  <leseending 
branch  of  the  acromial-lhoracic  artery.  It  pierces  the  ccisto-coracnid  membrane* 
ami  terminates  in  the  axillary  vein  just  below  the  clavicle.  This  vein  is  occa- 
sionally connected  with  the  external  jugular  or  subclavian  by  a  branch  which 
passes  from  it  upward  in  front  of  the  clavicle. 

The  Deep  Veins  of  the  Upper  Extremity  fedlow  tlie  course  of  the  arteries, 
forming  their  vens^  comites*  They  are  generally  two  in  number,  one  lying  on 
each  side  of  the  corresponding  artery,  and  they  are  connected  at  intervals  by 
short  transverse  branches. 

There  are  two  digital  veins  accompanying  each  artery  along  the  sides  of  the 
fingei^s:  these,  uniting  at  their  base,  pass  along  the  interosseous  spaces  in  the 
palm,  and  terminate  in  the  two  ven^  comites  which  acc(>mpany  the  s=!Uperficial 
palmar  arch.  Branches  frotn  these  vessels  on  the  i*adial  side  of  the  hand  accom- 
pany the  sufierficialis  volfc,  and  on  the  ulnar  side  terminate  in  the  deep  ulnar 
veins.  The  deep  ulnar  veins,  as  they  pass  in  front  of  the  wrist,  communicate  with 
the  interosseous  and  superficial  veins,  and  at  the  elhow^  unite  with  the  deep  radial 
veins  to  form  the  \vmv  comites  of  the  brachial  artery. 

The  Interosseous  Veins  accompany  the  anterior  and  posterior  interosseous 
arteries.  The  anterior  interosseous  veins  coounence  in  front  of  the  wrist,  where 
they  communicate  with  ihe  deep  radial  and  ulnar  veins ;  at  the  upper  part  of  the 
forearm  they  receive  the  posterior  interosseous  veins,  and  terminate  in  the  venae 
comites  of  the  ulnar  artery. 

The  Deep  Palmar  Veins  accompany  the  deep  palmar  arch,  being  formed  by 
tributaries  which  accompany  the  ramifications  of  that  vessel.  They  communicate 
with  the  deep  ulnar  veins  at  the  inner  side  of  the  hand,  and  on  the  outer  side 
tertuinate  in  the  ven^  comites  of  the  radial  artery*  At  the  wrist  they  i*eceive  a 
dorsal  and  a  palmar  tributary  from  the  thumb,  and  unite  with  the  deep  radial 
veins.  AcGom|>anying  the  radial  artery,  these  vessels  terminate  in  the  vense 
comites  (if  the  brachial  artery. 

The  Brachial  Veins  are  placed  one  on  each  side  of  the  brachial  artery, 
ireceiving  tributaries  corresponding  with  tlie  branches  given  oft'  fi*om  that  vessel; 
just  above  the  lower  margin  of  the  tendon  of  the  Latissimus  dorsi  they  empty 
into  the  axillary  vein. 

These  deep  veins  have  numerous  anastomoses,  not  only  with  each  other,  but 
also  with  the  superficial  veins. 

The  Axillary  Vein  is  of  large  .size,  and  is  the  continuation  of  the  hasilic  vein, 
receiving  the  venje  comites  of  the  brachial  artery.  It  commences  at  the  lower 
part  of  the  axillary  space,  increases  in  size  as  it  ascends  by  receiving  tributaries 
corresponding  with  the  branches  of  the  axillary  artery,  and  terminates  imme- 
diately beneath  the  clavicle  at  the  lower  border  of  the  first  rib,  where  it  beef»mes 
the  subclavian  vein.  This  vessel  is  covered  in  front  by  the  Pectoral  muscles  and 
costo-coracoiil  membrane,  and  lies  on  the  thoracic  side  of  the  axillary  artery, 
w^hich  it  partially  overlaps.  Near  its  termination  it  receives  the  cephalic  vein. 
This  vein  is  provided  with  a  pair  of  valves  opposite  the  lower  border  of  the  Sub- 
sea  pnlaris  muscle ;  valves  are  also  found  at  the  termination  of  the  cephalic  and 
subscapular  veins. 
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Surgical  Anatomy,— There  are  several  point*^  of  surgical  intcrcKt  in  eotmcctiun  with  the 
axillary  vein,  Belua:  iiiirre  -iuperfioia!,  larger,  and  tflightly  overlsippinir  the  axillar>^  artery,  "t  is 
more  liable  to  be  woumJed  in  thu  operati*»n  of  extirpation  of  the  axillary  kdands,  e4iptH!iaHv  as 
these  jL'lands,  whea  diseased,  are  apt  to  become  adherent  lo  the  ve*«eL  When  wounded  tfiere 
is  always  a  danger  of  air  being  drawn  into  its  interior,  and  death  rej<ulting.  Tliis  ib  due  not  only 
to  the  faet  that  it  m  near  tlie  thorax,  and  thereft>re  liable  to  he  inflneiic^cd  by  the  respiratory 
movements,  but  als<i  because  it  is  adherent  by  it??  anterior  surface  to  the  etiSto-eoracoid  n»enibnii»e, 
and  thercdort^,  if  wounded  is  likely  to  reiijain  patulous  and  favor  the  chance  of  air  i>eing  sucked 
in.  This  adhesion  of  the  vein  to  the  fascia  prevents  ita  ooUapsing,  and  therefore  favors  the 
furioas  bleiMling  which  takes  place  in  these  eases. 

To  avoid  wounding  the  axillary  vein  in  the  extirpation  of  eaneero»js  glands  from  the  axilla, 
no  sharp  entting  infjtruinenis  should  be  used  at)er  trie  axillarj'  cavity  has  been  freely  exposed, 
tind  care  should  be  taken  to  use  no  undue  force  in  iiwjlating  the  if  lands,  f^^hould  the  vein  be  so 
iinl»edded  in  the  malignant  deposit  that  the  latter  eannot  be  removed  without  taking  away  a  jiart 
of  the  vein,  tins  must  \n\  done,  the  vessel  having  Ix^en  first  ligatured  aUive  and  below. 

The  Subclavian  Vein,  the  continuation  of  the  axillary,  extends  from  the  lower 
border  of  the  first  rib  to  the  inner  end  of  the  sternoclavicular  articulation,  where 
it  unites  with  the  internal  jogular  to  form  the  innominate  vein.  It  is  in  relation, 
in  front,  with  the  clavicle  and  Subclavius  muscle  ;  behind,  with  the  subclavian 
artery,  from  which  it  is  separated  inrernally  b}*  the  Scalenus  anticus  muscle  and 
phrenic  nerve.  Below,  it  rests  in  a  depression  on  the  first  nh  and  upon  the  pleura. 
Above,  it  is  covered  by  the  cervical  fascia  and  integument. 

The  subclavian  vein  ocea.sion?illy  rises  in  the  neck  to  a  level  with  the  third  part 
of  the  subclavian  artery,  and  in  two  instances  has  been  seen  ]>assing  with  this  vessel 
behind  the  Scalenus  antieus.  This  vessel  is  usually  provided  with  valves  about 
an  inch  from  its  termination  in  the  innominate,  just  external  to  the  entrance  of  the 
external  jugular  vein. 

Tributaries.— It  receives  tlie  external  and  anterior  jugular  veins  and  a  Fmall 
branch  from  the  cephalic,  outside  the  Scalenus,  and  on  the  inner  aide  of  that 
muscle  the  internal  jugular  vein.  At  the  angle  of  junction  with  the  internal 
jugular  the  left  subclavian  vein  receives  the  thoracic  duct,  while  the  right  sub- 
clavian vein  receives  the  right  lym|ihatic  duet. 

The  Innominate  or  Brachio-oeplialic  Veins  (Fig.  388)  are  two  large  trunks, 
placed  one  on  each  side  of  the  root  of  the  neck,  and  formed  by  the  union  of  the 
internal  jugular  and  subclavian  veins*  of  the  corresponding  side. 

The  Riglit  Innominate  Vein  is  a  short  vessel,  an  inch  in  length,  which  com- 
mences at  the  inner  end  of  the  clavicle,  and,  passing  almost  vertically  downward, 
joins  with  the  left  iun«»minate  vein  just  below  the  cartilage  of  the  first  rib,  close  to 
the  right  border  of  the  sternum,  to  form  the  superior  vena  cava.  It  lies  superficial ■ 
and  external  to  the  innominate  artery  ;  on  its  right  side  the  pleura  is  interposed 
between  it  and  the  apex  of  the  lung.  This  vein,  at  the  angle  of  junction  of  the 
internal  jugular  with  the  stibclavian,  receives  the  right  vertebral  vein,  and,  lower 
down,  the  right  internal  mammary,  right  inferior  thyroid,  and  sometimes  the 
right  superii^r  inteicostnl  veins. 

The  Left  Innominate  Vein,  about  two  and  a  half  incites  in  length,  and  larger! 
than  the  right,  passes  from  Irft  to  right  across  the  upper  and  fiont  part  rif  the  chest, 
at  the  same  time  inclining  downward,  to  unite  with  its  fellow  of  the  o(»posite 
side,  forming  the  superior  vena  cava.  It  is  in  relation,  in  front,  with  the  first 
piece  of  the  sternum,  fi^om  which  it  is  se]>arated  by  the  Sterno-hyoid  and  Sterno- 
thyroid muscles,  the  thymus  gland  or  its  remains,  and  some  loose  areolar  tissue. 
Behind,  it  lies  across  the  roots  of  the  three  large  arteries  arising  from  the  arch  of 
the  aorta.  This  vessel  is  joined  by  the  left  vertebral,  left  internal  mammary,  left 
inferior  thyroid,  and  the  left  superior  intercostal  veins,  and  occasionally  some  thymic 
and  pericardiac  veins.     There  are  no  valves  iti  the  innominate  veins. 

Peculiarities.— Sometiuies  the  imioniinate  veins  op>en  separately  into  the  right  auriele;  in 
iuch  eases  tbe  right  vein  takes  the  ordinary'  course  id"  the  superior  vena  cava  ;  but  the  lell  vein, 
aft«r  eoniuiunieatini?  by  a  small  l)raneh  with  the  ricrht  one,  passes  in  front  of  the  rout  of  the  left 
lung,  and,  turning  to  the  bat^k  td'the  heart,  rrxeives  the  eardiae  veins  and  lenuinates  in  the  baek 
of  the  right  auriele.  This  oct^asional  eonditiun  td'  the  veins  in  the  adnlt  is  a  regular  one  in  the 
fcBtas  at  an  early  period,  and  the  two  vessels  arc  )>crsi8tent  in  birds  and  some  mammalia.    The 
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The  lEternal  mammary 
yeinSf  two  in  number  to 
each  artery,  follow  the 
course  of  that  vessel, 
and  receive  corresponding 
brunches.  The  two  veins 
of  eueli  f?ide  unite  into  a 
sJntiU'  trunk,  which  termi- 
nates in  the  correspond inc[ 
iniioniinsite  vein. 

The  inferior  thsrroid  veins , 
two,  frequentiy  three  or 
four,  in  number,  arise  in 
the  venous  plexus  on  the 
th3^roid  body,  communicat- 
ing with  the  middle  and 
superior  thyroid  veins.  The 
left  one  descends  in  front 
of  the  tmcliea  behind  the 
Sterno-th  yroid  musele,  com- 
mnni rating  with  its  fellow* 
by  transverse  branches,  and 
terminates  in  the  left  in- 
nominate vein.  The  right 
one,  which  is  placed  a  little 
to  the  right  of  the  median 
ine,  opens  into  the  right 
innominate  vein  just  at  its 
junction  with  the  superior 
vena  cava.  These  veins 
receive  oesophageal,  tra- 
cheal, and  inferior  laryn- 
geal veins,  and  are  pro- 
vided with  valves  at  their 
termination  in  the  innom- 
inate veins. 

The  Superior  Intercos- 
tal Veins  return  the  blood 
from  the  u|iper  intercostal 
spaces,  below^  the  tirst. 

The  right  superinr  inter- 
costah  much  smaller  than 
the  left,  clnsely  corresponds 
with  the  superi<*r  intercos- 
tal artery,  receiving  the 
blood  frotn  the  second  or  second  and  third  intercostal  spaces,  and,  passing  down- 
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ward,  teniiinatos  in  tbe  vena  azygos  major.  Occasionally  it  opens  into  the  right 
irmurainate  vein. 

Tin?  l*'ft  suptTior  ttitereastal  is  always  larger  than  the  right,  hut  varies  in  size 
in  different  subjects,  being  small  when  the  left  upper  azjgos  vein  ia  larg<%  and  vice 
Vi-rsd,  It  18  usually  formed  by  branches  from  two  or  three  upper  intercostal 
spaces  below  the  tir.st,  and,  passing  across  the  arch  of  the  aorta,  terminates  in  the 
left  innoniinate*vein.  The  left  bronchial  vein  and  tbe  left  superiur  phrtiiic  open 
into  it. 

The  Superior  Vena  Cava  receives  the  blood  which  is  conveyed  to  the  heart  from 
the  whule  of  the  wpper  half  of  the  body.  It  is  a  short  trunk,  varying  from  two 
inches  and  a  Imlf  to  three  inches  in  length,  formed  by  the  junction  of  the  two 
innominate  veins.  It  commences  immediately  below  the  cartilage  of  the  first  rib 
close  to  the  sternum  on  the  right  side,  and,  descending  verticaliy,  enters  the  peri- 
.cardiutn  itbout  an  inch  and  a  half  above  the  heart,  and  terminates  in  the  upper  part 
'of  the  right  auricle  opposite  the  ufiper  border  of  the  third  left  e^'stal  cartilage.  In 
it-a  course  it  describes  a  slight  curve,  the  convexity  of  which  is  turned  to  the  right 
side. 

Relations.— J«  fro?? f,  with  the  pericardium  and  process  of  cervical  fascia  which 
is  continuous  with  it:  this  separates  it  from  the  thymus  gland  and  fioni  the  ster- 
num; he/iinti,  with  the  ront  of  the  ligbt  lung;  on  its  right  i^ifh\  whh  tlie  phrenic 
nerve  and  right  pleura:  on  its  h^ft  side,  with  the  commencement  of  the  inn<iminate 
artery  and  a«cen^ling  part  of  the  aorta.  The  portion  contained  within  the  peri- 
cardium is  covered  by  the  serous  layer  of  that  membrane  in  its  anterior  three- 
fourths.  It  receives  the  vena  azygos  major  just  before  it  enters  the  pericardium* 
and  several  small  veins  from  the  pericanlium  and  parts  in  the  me<Iiastinum.  The 
superior  vena  cava  bus  no  valves. 

The  Azygos  Veins  connect  together  the  superior  and  inferior  venae  cavae,  taking 
the  phice  of  those  vessels  in  that  part  of  the  chest  occupied  by  the  heart. 

The  larger,  or  ri<f/it  azf/tfos  vnn  (vena  azygos  major),  commences  opposite  the 
first  or  second  lumbar  vertebra  by  a  branch  from  the  right  lumbar  veins  (the 
asrenffinf/  lumbar);  sometimes  by  a  branch  from  the  right  renal  vein  or  from  the 
inferior  vena  cava.  It  enters  the  thorax  through  the  aortic  n|»cning  in  the  Dia- 
phiagiu,  and  passes  ahuig  the  right  side  of  the  vertebral  c*«lumn  to  the  fmirth  dorsal 
vertebra,  where  it  arches  forward  over  the  root  of  the  right  lung,  and  terminates 
in  the  superior  vena  cava  just  before  that  vessel  enters  the  pericardium.  Whilst 
passing  through  the  aortic  opening  of  the  Diaphragm  it  lies  with  the  thoracic 
duct  on  the  right  side  of  the  aorta,  and  in  the  thorax  it  lies  upon  the  intercostal 
arteries  on  the  right  side  of  the  aorta  and  thoracic  duct,  and  is  partly  covered  by 
pleura. 

Tributaries. — It  receives,  excepting  those  of  the  first  three  spaces,  the  intercostal 
veins  of  the  right  side,  the  vena  azygos  jninor,  tbt?-left  upper  azygos  vein,  several 
cesophageal,  mediastinal,  and  pericardial  veins;  near  its  termination,  the  right 
bronchial  vein  ;  and  generally  the  right  su per i^tntercostal  vein.  A  k^w  imperfect 
valves  are  found  in  this  vein,  but  its  tributaric^r^^rovlded  with  conijjlete  valves. 

The  intercostal  veins  on  the  left  side,  brlow  the  twrrTtr  tiiree  upper  intercostal 
spaces,  form  two  trunks,  named  the  left  lowef  and  the  left  upper  azygos  veins. 

The  lift  lower^  or  Mmftfh'r  azyfjos  twin  (vena  azygos  minor),  coramerjces  in^the 
lumbar  region  by  a  branch  from  one  of  the  lumbar  veins  (aacemiintj  lumlf(tr)jir 
from  the  left  renal.  It  passes  into  the  thorax  through  the  left  cms  of  the  Dia- 
phragm, and,  ascending  on  the  left  side  of  the  Sfiine  as  high  as  the  seventh  or 
eighth  dor.sal  vertebra,  passes  across  the  column,  behind  the  aorta  and  thoracic 
duct,  to  terminate  in  the  right  azygos  vein.  It  receives  the  four  or  ^ve  lower  inter- 
costal veins  of  the  left  side,  and  some  oesophageal  and  mediastinal  veins. 

T!ie  Itiff  npper  azi/f/os  vein  varies  according  to  the  size  of  the  left  superior 
intercostal,  with  which  it  communicates  above.  It  receives  veins  from 
thf  intercostJil  spaces  between  the  left  superior  intercostal  vein  and  highest 
tributary  of  the  left  lower  azygos.     They  are  usually  tuo  or  three  in  number, 
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liud  join  to  form  a  trunk  which  ends  in  the  right  azygos  vein  or  in  the?  left  lower 
axygos.  It  sometimes  receives  the  left  brotiehial  vein.  When  this  vein  is  small 
or  altogether  wautiug,  the  left  superior  intercostal  vein  will  extend  a8  low  as  the 
tifth  or  .sixth  intercostiil  space.* 

Surgical  Anatomy.— lu  ohstructioa  of  the  superior  vena  cava  tlie  &zym»  veins  are  one  of 
the  ijrint'i|>al  means  by  whieh  the  veinnis  cireulatinn  is  carried  on,  e^jnnei'tin.if  an  they  (in  the  superior 
and  mt'eriur  vcnte  eava?,  and  eumunjuieatint?  with  the  eomuion  ihtie  veins  by  the  iiscendiughunhar 
veinst  and  with  inany  of  the  tributaries  c#f  the  inferior  vena  cava. 

The  hnmrhia!  iwuts  return  the  blood  from  the  snbatance  of  tlie  lungs;  that  of 
the  right  side  opens  into  the  vena  axyg^'S  major  near  its  termination  ;  that  of  the 
left  side,  into  the  left  superior  intercostal  vein  or  left  upper  azygos  vein. 


THE  SPINAL  ¥EmS. 

plexuses  placed   upon   and 


within   the  spine  may  be 


The  numerous  venous 
ar  r a  n  ge  d  i  n  t  o  f o  u  r  se  ts  : 

1.  Those  phiccd  on  the  exterior  of  the  spinal  column  {the  dnrni-Hpltial  i^einn), 

2.  Those  .nituated  in  the  interior  of  the  sj)inal  eanal,  between  the  vertebrae  and 
the  theca  vertebral  is  {memju^o-ra^'huimn  veins). 

3*  The  veins  of  the  boilies  of  the  vertebnie  (vetiee  bams  verh'brariuu). 

4.   The  veins  of  the  spinal  cord  (inedulU'Spinaf), 

1.  The  Dorsi-spinal  Teias  commence  by  small  branches  which  receive  their 


Tht  (ti/rn-itphial  veina. 


\^' 


Fto  380.— TfAUfi verse  i«ct1on  of  a  dore&l  vertebr&,  showing  the  spiti&l  veins. 

blood  from  the  integument  of  the  back  of  the  spine  and  from  the  m uncles  in  the 
vertebral  grooves.  They  f  um  a  com[dicated  network,  which  surrounds  the  spinous 
processes,  the  lam i me.  and  the  transverse  and  articular  processes  of  all  the  ver- 
tebrae. At  the  bases  of  the  transverse  processes  they  communicate,  hy  means  of 
ascending  and  descending  branches,  with  the  veins  surrounding  the  contiguous 
vertehrie,  and  they  join  with  tbe  veins  in  the  spinal  canal  by  branches  which 
fterfurate  the  ligamema  subflava.  Other  branches  pa^s  obliquely  forward, 
between  the  transverse  processes,  and  commtiuicate  with  the  intraspinal  veins 
through   the  intervertebral   foramina.     They  terminate  by  joiiiiug  the  veriebral 

*  For  an  account  of  the  arran^meut  of  the  azvjyros  and  Bui^rior  intercostal  vein5  in  a  number  of 
consecutive  caa&i  from  tbe  smne  dis.se<  ting-room,  see  a  pap«*r  by  Mr.  B.  G.  Mnristju  {Journal  of  A  not- 
omtj  ond  Phmotogy,  vol.  xiii.  p,  o4iU.  TKl*  inont  iaiport^mt  diflerence  b(*twpun  hh  descriptif>u  :*i>d  thai 
in  the  lext  js,  that  he  alwuys  found  two  superior  intertxwtal  veins-  on  btith  sides,  the  vein  from  iheiir»t 
apace  lieing  separate,  and  joining  thu  i"orrespon<ling  innoonniite  vein*  The  lower  iiind  lar>teri  nnpe- 
rior  iniercostal  vein  he  describeai  im  opening  into  the  azvgos  on  the  right  and  inuoniinale  on  ihe  left 
ftide. 
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veioa  in  the  neck,  the  intercostal  veins  in  the  tbarax,  and  the  lumbar  and  sacral 
ins  in   the  hiiiis  and   pelvis, 
2.  The  Meningo-rachidian  Veins. — ^The  principal  veins  contained  in  the  spinal 

canal  are  .situated  between  the  theca  vertebralis  and  the  vertebrae.  They  consist 
of  two  longitudinal  plexuses^  ^>ut?  of  which  runs  along  the  posterior  surface  of  the 
bodies  of  the  vertebrae  {anterior  hriijitufiinal  »ffuml  Vi-ins),  The  other  plexus 
(posterior  hnijituduial  Rpinal  veins)  is  placed  on  the  inner  or  anterior  surface  of 
the  laminae  of  the  vertebrae. 

The  Atiferifir  LomptudiitaJ  SpiiutI  J'eius  consist  f*f  two  large,  tortuous  veins 
which  extend  along  the  whole  length  of  the  vertebral  column,  from  the  foramen 
magnuui,  where  they  commuuicaie  by  a  venous  ring  around  that  opening,  to  the 
base  of  the  coccyx,  being  placed  one  on  each  side  of  the  posterior  surface  of  the 
bodies  of  the  vertebrae  along  the  margin  of  the  posterior  common  ligament. 
These  veins  communicate  together  opposite  each  vertebra  by  transverse  trunks 
which  ]>ass  beneath  the  ligament,  and  receive  the  large  venfF  basis  iwrtrhrarum 
from  the  interior  of  the  body  of  each  vertebra.  The  anterior  hmgitudinal  spinal 
veins  are  least  developed  in  the  cervical  and  sacral   regions*     They  are  not  of 


:^f^M 


rr- 


'i^^v 


Fio.  390*— Vertical  jsecllon  (}C  two  dorenl  vcrtebwe*  ebowlag  the  Bplttal  veins. 


uniform  size  throughout,  being  alternately  enlarged  and  const ricted.  At  the 
intervertebral  foramina  they  communicate  with  the  dorsi-spinal  veins,  and  with 
the  vertebral  veins  in  the  neck,  with  the  intercostal  veins  in  the  dorsal  region, 
and  with  the  lumbar  and  sacral  veins  in  the  corresponding  regions. 

The  Pmterlor  Lomfiiudinal  Spinal  Veimt^  smaller  than  the  anterior,  are 
situated  one  on  each  side,  between  the  inner  surface  of  the  laminie  and  the  theca 
vertebral  is.  They  commimicate  (like  the  anterior)  opposite  each  vertebra  by 
transverse  trunks,  and  with  the  juiterior  longitudinal  veins  by  lateral  transverse 
branches  which  pass  from  behind  forward.  These  veins,  bv  branches  which  per- 
forate the  ligamenta  subOava,  join  with  the  dorsi-spinal  veins.  From  them 
branches  are  given  off  which  pass  through  the  intervertebral  foramina  and  join 
the  vertebral,   intercostal,   lumbar,   and  sacral  veins. 

3.  The  Veins  of  the  Bodies  of  the  Vertebrae  {n-nm  basis  verfehrarum)  emerge 
from  the  foramina  on  thuir  posterior  surface,  and  join  the  transverse  trunk  con- 
necliDg  the  anterior  longitudinal  spinal  veins.  They  are  contained  in  large,  tor- 
tuous channels  in  the  substance  of  the  bones,  similar  in  every  respect  to  those 
found  in  the  diploe  of  the  cranial  bones.  These  canals  lie  parallel  to  the  upper 
and  lower  surface  of  the  bones.  They  commence  by  small  openings  on  the  front 
and  sides  of  the  bodies  of  the  vertebra?,  through  which  ci>mmunicating  branches 
from  the  veins  external  to  the  bi>ne  pass  into  its  substance,  and  converge  to  the 
principal  caniil,  which  is  srmictimes  double  toward  its  posterior  part,  and  open 
into  the  corresponding  transversi^  branch  uniting  the  anterior  longitudinal  veins* 
They  become  grearly  developed  in  advanced  age. 

4.  The  Veins  of  the  Spinal  Cord  (mfuluHi-spinal)  consist  of  a  minute,  tortuous, 


i 


870 


THE    VEINS 


venous  plexus  which  covers  the  entire  surface  of  the  cord,  being  situated  between 
tbe  pia  mater  and  arachnoid.  These  vessels  emerge  chiefly  from  the  median 
furrows,  and  are  largest  in  the  lumbar  region.  Nejir  the  base  of  the  skull  they 
unite  and  form  two  or  three  small  trunks,  which  communicate  with  the  vertebral 
veins,  and  then  terminate  in  the  inferior  cerebelhir  veins  or  in  the  inferior  petm- 
sal  sinuses.  Each  of  the  s|unal  nerves  is  accompanied  by  a  branch  as  far  as  the 
intervertebral  foramina,  where  they  join  the  other  veins  from  the  spinal  eanal. 
There  are  no  valves  in  the  spinal  veins. 

YEINS  or  THE  LOWER  EXTREMITY,  ABDOMEN.  AND  PELVIS. 

The  Veins  of  the  Lower  Extremity  are  subdivided,  like  those  of  the  upper, 
into  two  sets,  superficial  and  deep,  the  superficial  veins  being  placed  beneath  the 
integument,  between  the  two  layers  of  superficial  fascia,  the  decfi  veins  accom- 
panying the  arteries  and  forming  the  veuie  comites  of  those  vessels.  Both  sets 
of  veins  are  provided  with  valves,  which  are  more  numerous  in  the  deep  than  in 
the  superficial  set.  These  valves  are  also  more  numerous  in  the  lower  ihan  in 
the  upper  limb. 

The  Superficial  Veins  of  the  Lower  Extremity  are  the  internal  or  long  saphnt- 
ous  and  the  ejirrfMl  or  nhort  sapheufntg. 

On  the  dorsum  of  the  foot  is  a  venous  arch  situated  in  the  superficial  struc- 
tures over  the  anterior  extremities  of  the  metatarsal  bones.  It  has  its  convexity 
directed  forward,  and  receives  digital  tributaries  from  the  upper  surface  of  the 
toes;  at  its  concavity  it  is  jmned  by  numerous  small  veins  which  form  a  plexus 
on  the  ilorsnm  of  the  foot.  The  arch  terminates  internally  in  the  long  saphenous, 
externally  in  a  short  sa[ihenous  vein. 

The  internal  or  long  saphenous  vein  (Fig.  391)  commences  at  tbe  inner  side  of 
the  arch  on  the  dorsum  uf  the  foot ;  it  ascends  in  front  of  the  inner  malleolus 
and  along  the  inner  side  of  the  leg;  behind  the  inner  margin  of  the  tibia,  accom- 
panied by  the  internal  saphenous  nerve.  At  tbe  knee  it  passes  backward  behind 
the  inner  condyle  of  the  femur,  ascends  abmg  the  inside  of  the  thigh,  and.  pass- 
ing through  the  saphen<*us  opening  in  tbe  fascia  lata,  terminates  in  tlie  femoral 
vein  about  an  inch  and  a  half  below  Poupart's  ligament*  This  vein  receives  in 
its  course  cutane<>us  tributaries  from  the  leg  and  thigh,  and  at  the  saphenoits 
opening  the  superficial  epigastric,  superficial  circumflex  iliac,  and  external  pudic 
veins.  The  veins  from  the  inner  and  hack  part  of  the  thigh  frequently  unite  to 
form  a  large  vessel,  which  enters  tbe  main  trunk  near  the  sai>henous  opening ; 
and  sometimes  those  on  the  outer  side  of  tbe  thigb  join  to  form  another  large 
vessel ;  so  that  oceasifmally  three  large  veins  are  seen  converging  from  diflVrent 
parts  of  tbe  thigh  toward  the  saphenous  opening.  The  internal  saphenous  vein 
communicates  in  the  foot  w^ith  the  internal  plantar  vein  ;  in  the  leg,  with  the 
posterior  tibial  veins  by  branches  which  peribrate  the  tibial  origin  of  tbe  ^>oleua 
myscle,  and  also  with  the  rtutrrior  tibial  veins;  at  the  knee,  with  tbt^  articular 
veins  ;  in  the  thigh,  'with  tbe  femoral  vein  by  one  or  more  branches.  The  valves 
in  this  vein  vary  from  two  to  six  in  number;  tbey  are  more  numerous  in  the 
thigh  than  in  the  leg. 

The  external  or  short  fiapbenous  vein  (Fig.  S92)  commences  at  the  outer  side 
of  the  arch  on  the  dorsum  of  the  foot ;  it  ascends  behind  the  outer  malleolus, 
and  along  tbe  outer  border  of  the  tendo  Achillis^  across  which  it  passes  at  an 
acute  angle  to  reach  tbe  middle  line  of  tbe  posterior  aspect  of  the  leg.  I'assing 
directly  upward,  it  perforates  tbe  deep  fascia  in  the  lower  part  of  the  popliteal 
space,  and  terminates  in  the  popliteal  vein,  between  the  heads  of  the  Gastro- 
cnemius muscle.'     It  receives  numerous  large  tributaries  from  the  back  part  of 


^  Mr,  Ojiy  mils  iittentirm  to  tlie  fart  that  tlie  extrniat  ^aijlipnoiis  vein  oftc'n  (he  says  invarinttly  > 
L-netnitcii  (he  fa>K'la  atoralxnU  the  \nnnl  where  tlie  len<I">n  of  the  (iststriK'neiiiiuti  c<»mriii'tice»,  and  runs 


Mr,  Ojiy  rails  iittentirm  to  tlie  fart  that  the  extrmat  «;ujIipnoiis  vein  often  (he  says  invariably  > 

f>elow  ihf  fasc'ifi  in  llie  riisi  of  jtn  rourne,  or  sometimes  amon^  the  niiiHcular  libres,  to  join  the  popliteal 
vein.  uSeo  tiay  on  Varirme  />iW«j*f  of  ike  Ijimr  Extremities^  p.  24,  where  there  i:*  ulso  a  caR^ful  and 
elaborate  deacriptinn  of  the  branches  of  the  aaphena  veins.) 
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the  leg,  find   communicates   with  the  deep  veins  on  the  dorsum  of  the  fmjt  and 
behind  the  outer  malleolus.     Before  it  perforates  the  deep  fasciii  it  gives  off 

a  communicating  branch,  which 
pa.s8es  upward  and  inward  to  join 
the  internal  saphenous  vein.  This 
vein  has  a  variable  number  of 
valves,  from  three  Ui  nine  (Gay), 
one  of  which  is  always  found  near 
its  termination  in  the  [>opliteal 
vein.  The  external  saphenous 
nerve   lies   close   beside    this  vein. 


Surgical  Anatomy.— Tlie  8ai«hcna 
vein.H  are  oi"  consfidt'niMe  siiirffical  iiiiport- 
ance.  sinee  a  varicose  (xjndition  *if  these 
vessels  is  nmre  friHiucntly  met  with  tlinn 
of  those  ill  Dtbcr  ji;ms  of  the  body.  exee|>t 
perhaps  the  spernnit ie  and  ha^morrhoidal 
veins,  Th(*  eourse  of  the  interna! 
saj>henfnis  is  in  fr*)nt  of  the  tif>  of  the 
miilk'ulus,  over  the  siiWntiineous  surfaee 
of  I  lie  lower  end  of  the  tihiit,  ami  then 
alonL'  the  internal  b<mler  of  this  Kme 
to  the  back  part  of  the  internal  condyle  of 
the  femur,  whence  it  i'oll«iws  the  cciurse 
of  theSartorinsmnsele,  and  is  reprt*sented 
<in  the  suriliee  by  a  line  drawn  Trom  the 
popster ior  border  of  the  Sartonus  on  a 
level  with  the  intenial  condyle  to  tlie 
Kipbenons  ojxnjinK,  The  short  saphenous 
lies  l>ebin(l  the  extennd  malleolus,  and 
from  this  folio  xvs  the  mid  die  line  of  tlie 
calf  to  jntsi  below  the  bam.  It  i«  m>t 
generally  Hi  a(*parent  hem  nth  the  skin  as 
the  internal  saphenous.  Bntb  tliese  veins 
in  (be  \e\i  are  awonipauied  bv  nerves,  the 
internal  saphenous  bein^'  joir^ed  by  itjB 
eomrniniisTi  nerve  ^ust  Wlow  tlte  level  nf 
the  knee-joint.  No  doubt  nnjeb  nt"  the 
pain  of  varicose  veins  in  the  le^  is  due  to 
this  fact.  On  the  Continent  the  internal 
sjiphenouB  vein  vlsa  it  rest^  on  the  tibia 
jnst  al>ove  the  niaheolus  is  sometruiea 
selected   for  venesection. 
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Fig.  392.— External 
or  ^hort  flnpheiioiti 
vein. 


The   Beep    Veins  of  the  Lower 
Extremity  nenimpany  the  arteries  and  their  branches, 
and  are  called  the  ven*T  t'toftitcH  id'  those  vessels. 

The  external  and  intemal  plantar  veins  tmite  to  form 
the  posterior  tibial.  They  acconipany  the  posterior 
tibial  artery  and  arc  joined  by  the  p^'ronettl  veing. 

The  anterior  tibial  veins  are  formed  by  a  con- 
tinuation ujjward  of  the  veuie  comites  of  the  dorsalis 
pedis  artery.  They  |mss  between  the  tibia  and  fibula, 
through  the  large  oval  aperture  above  the  interosse- 
ous membrane,  and  form,  by  their  JTrnciion  with  the 
posterior  tibiaU  the  popliteal  vein* 

The  vnlvos  in  the  deep  veins  are  very  numerous. 

Tlie  Popliteal  Vein  h  formed  liy  the  jimcti*m  of  the 
*aph^eniuT.'HriiU^^^^  of  the  anterior  and^'osterior  tibial  ves- 

sels; it  ascends  through  the  popliteal  space  to  the 
tendinous  aperture  in  the  Adductor  magnus,  where  it  becomes  the  femoral  vein. 
In  the  lower  part  of  its  oourse  it  is  placed  internal  to  the  artery;  between   ibe 
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beads  of  the  Gastrocnemius  it  is  superficial  to  that  vessel;  but  above  the  knee- 
joint  it  is  clos^  to  its  outer  side.  It  receives  the  sural  veins  from  the  Oastro- 
enemius  muscle,  the  articular  veins,  and  the  external  sajthenous.  The  valves  in 
this  vein  are  usually  four  in  number. 

The  Femoral  Vein  accomi>ariie8  the  femoral  artery  through  the  upper  two- 
thirds  of  the  thigh.  In  the  lower  part  of  its  counse  it  lies  external  to  the  artery; 
higher  up  it  is  behind  it;  and  at  Poupart's  ligament  it  lies  to  its  inner  side  and 
on  the  same  plane.  It  receives  numerous  muscular  tributaries:  the  profunda 
femoris  and  deep  external  pudic  veins  join  it  near  Poupart's  ligament  and  about 
an  inch  and  a  half  below  the  interna!  sajdienoos  vein.  The  valves  in  this  vein  are 
four  or  live  in  number. 

The  Ertemal  Iliac  Vein  commences  at  the  termination  of  the  femoral,  beneath 
the  crural  arch,  and,  passing  iipw^ard  along  the  brim  of  the  pelvis,  terminates 
opposite  the  sacro-iliac  synchondrosis  by  uniting  with  the  internal  iliac  to  form 
the  comiixm  iliac  vein.  On  the  right  side  it  lies  at  first  along  the  inner  side  of 
the  external  iliac  artery,  but  a^  it  passes  upward  gradually  inclines  behind  it. 
On  the  left  side  it  lies  altogether  on  the  inner  side  of  the  artery.  It  receives, 
immediately  above  Poupart's  ligament,  the  deep  epigastric  and  deep  circumflex 
iliac  veins  and  a  small  pubic  vein,  corresponding  to  the  pubic  branch  of  the 
obturator  artery.  According  to  Friedreich,  it  freijuently  contains  one,  and  some- 
times two  valves. 

The  Deep  Epigfastric  Veins. — Two  veins  accompany  the  deep  epigastric  artery; 
they  usually  unite  into  a  single  trunk  befnre  their  termination  in  the  external 
iliac  vein. 

The  Deep  Circumflex  Iliac  Veins, ^ — Two  veins  accompany  the  deep  circumflex 
iliac  artery.  These  unite  into  a  single  trunk  which  crosses  the  external  iliac 
artery  just  above  Poupart  s  ligament  and  terminates  in  the  external  iliac 
vein. 

The  Intenial  Iliac  Vein  is  formed  by  the  venae  comites  of  the  branches  of  the 
internal  iliac  artery,  the  umbilical  arteries  excepted.  It  receives  the  blood  from 
the  exterior  of  the  pelvis  by  the  gluteal,  sciatic-^  internal  pudic,  and  obturator 
veins,  and  from  the  organs  in  the  cavity  rd'  the  pelvis  by  the  hicmorrhoidal  and 
vesico-prostatic  jdexuses  in  the  male,  and  the  uterine  and  vaginal  plexuses  in  the 
female.  The  vessels  forming  these  plexuses  are  remarktdjle  for  their  large  size, 
their  fre<[ucnt  auaKtoiuoses,  and  tiie  number  of  valves  which  they  contain.  The 
internal  iliac  vein  lies  at  first  on  the  inner  side,  and  then  behind  the  inter- 
nal iliac  artery,  and  terminates  opposite  the  sacro-iliac  articulation  by  uniting 
with  the  external  iliac  to  form  the  common  iliac  vein.  This  vessel  has  no 
valves. 

The  internal  pudic  veins  {i^enm  comites)  have  tlie  same  course  as  the 
internal  pudic  artery.  They  receive  tributaries  corresponding  to  the  branches 
of  the  artery,  except  the  tributary  corrt^sponding  to  the  tiorsal  artery  of  the 
penis ;  that  is,  the  dorsal  vein  of  the  penis,  which  opens  into  the  prostatic 
plexus- 

The  hjemorrhoidal  plexus  surrounds  the  lower  end  tif  the  rectum,  being  formed 
by  the  sufierior  hicmorrhoidal  veins  (tributaries  of  tlie  inferior  mesenteric),  and 
the  middle  and  inferior  hiiimorrhoidal,  which  terminate  in  the  internal  iliac.  The 
portal  and  general  venous  systems  have  a  free  communication  by  means  of  the 
branches  composing  this  plexus. 

Surgical  Anatomy, — The  veins  of  this  plexus  are  tint  to  become  diluted  and  varimsc  and 
flinii  pWva.  This  is  ^>;irtiy  due  to  the  free  eoumuuni*aiiou  betwt^en  the  |>ortal  and  systeuiie  dnm- 
jation  which  here  exiyts.  so  that  any  t>bstniL'tiiirj  to  the  fiuw  of  bliwd  tliruiii?h  eitlm^r  tlie  inierior 
vena  riiwi  or  its  main  tributarit'S,  or  thn>u^li  the  portal  vein,  teiielstriproihice  passive  fouKestiim 
of  this  |»lexus.  The  eonditiun  is  also  mrtly  due  to  the  fiict  ihiit  the  vessels  are  iimtaiued  in 
ver>"  loose,  lax  eonucK'tive  tiaHue,  m  tout  they  get  Icrs  9Uf)])ort  inna  surrourTdinir  st raptures 
than  uioHl  otlier  veius,  and  are  less  raftuhle  ut'  reststiatf  inereiised  hl(K>d-pressiire.  And, 
titially,  the  eundition  is  favored  by  gnivitaLioUi  inasmuch  as  the  portal  vein  contains  no 
valves. 
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The  vesico-prostatic  plexus  aarrourids  the  neck  and  base  of  the  bladder  and 
prostate  gland.  It  cnmmiuueates  with  the  ha?mon'hi»idal  plexus  behind,  and 
receives  the  dorsal  vein  of  the  penis,  which  enters  the  pelvis  beneath  the  subpubic 
ligament  This  plexus  is  supported  upon  the  sides  of  the  bladder  by  a  reflection 
of  the  pelvic  fascia.  The  veins  composing  it  are  very  liable  to  become  varicose, 
and  often  contain  hard,  earthy  concretions,  called  phleboliths, 

Surpcal  Anatomy. — This  plexus  is  wounded  in  the  lateral  ofjcration  of  lithotomjf,  and  it  ia 
through  It  that  septic  miitter  tiiias  its  way  into  the  general  circulation  ailer  this  operation. 

The  dorsal  vein  of  the  penis  is  a  vessel  of  large  size  which  returns  the  blood 
from  the  body  of  that  organ.  At  first  it  consists  of  two  branches,  which  are 
contained  in  the  groove  on  the  dorsum  of  the  penis,  and  it  receives  veins  from  the 
ghins,  the  corpus  spongiosum,  and  numerous  superficial  veins  ;  these  unite  near  the 
root  of  the  penis  into  a  single  trunk*  which  pussies  through  the  suspensory  ligament 
of  the  penis,  pierces  the  triangular  ligament  beneath  the  pubic  arch,  and  divides 
into  tw^o  branches,  which  enter  the  prostatic  plexus. 

The  vaginal  plexus  surrounds  the  inocous  membrane,  being  especially  developed 
at  the  orifice  of  the  vagina;  it  communicates  with  the  vesical  plexus  in  front,  and 
with  the  hsemorrhoidul  plexus  behind. 

The  uterine  plexus  is  situated  along  the  sides  and  superior  angles  of  the  uterus, 
between  the  layers  of  the  broad  ligament,  receiving  large  venous  canals  (the  uttrint 
mnmea)  from  the  substance  of  the  uterus.  The  veins  composing  this  plexus 
anast^imose  frequently  with  each  other  and  with  the  ovarian  veins.  Thej  are  not 
tortuous  like  the  arteries. 

The  Common  Iliac  Veins  are  formed  by  the  union  of  the  external  and  internal 
iliac  veins  in  front  of  the  sacro-iliac  articulation :  passing  ubliquely  upward 
toward  the  right  side,  they  terminate  upon  the  intervertebral  substance  between 
the  fourth  and  fifth  lumbar  vertebrae,  where  the  veins  of  the  two  sides  unite  at  an 
acute  angle  to  form  the  inferior  vena  cava.  The  right  eommmi  iliac  is  shorter 
than  the  left,  nearly  vertical  in  its  direction,  and  ascends  behind  and  then  to  the 
outer  side  of  its  corresfionding  artery.  The  left  amunon  iliac^  longer  and  more 
oblique  in  its  course,  is  at  first  situated  on  the  inner  side  of  the  corresponding 
artery,  and  then  behind  the  right  common  iliac.  Each  common  iliac  receives  the 
ilio'lumbar,  and  sometimes  the  lateral  sacral,  veins.  The  left  receives,  in  addition, 
the  middle  sacral  vein.     No  valves  are  found  in  these  veins. 

The  middle  sacral  veins  accompany  the  corresponding  artery  along  the  front 
of  the  sacrum,  and  terminate  in  the  left  common  iliac  vein ;  occasionally  in  the 
angle  of  junction  of  the  two  iliac  veins. 

Peculiarities »— The  left  common  iliac  vein,  instead  of  joining' with  the  rijarht  in  its  usual 
position .  (xrn.siurially  ascotidi*  on  the  leil  side  of  the  aorta  ai*  hiiih  as  the  kidney,  where,  after 
receiving  the  left  renal  vein,  it  erosHes  over  the  aorta,  and  then  joins  with  the  riuht  vein  to  form 
the  vena  cava.  In  these  cai?fs  the  two  common  iliaes  arc  tH>nnet!ted  by  a  ijuiall  L*4.*nniiuniL'ating 
branch  at  the  spot  where  they  are  usually  united.* 

The  Inferior  Vena  Cava  returns  to  the  heart  the  blood  from  all  the  parts  below 
the  Dijqihragm.  It  is  formed  by  the  junction  of  the  two  common  iliac  veins  on 
the  right  side  of  the  intervertebral  substance  between  the  fourth  and  fifth  lumbar 
vertebra?.  It  jtasses  upward  along  the  front  of  the  spine  on  the  right  side  of  the 
aorta,  and,  having  reached  the  under  surface  of  the  liver,  is  contained  in  a  groove 
on  it8  posterior  surface.  It  then  perforates  the  central  tendon  of  the  Diaphragm, 
enters  the  pericardium,  where  it  is  covered  by  its  serous  layer,  and  terminates  in 
the  lower  and  buck  part  of  the  right  auricle.  At  its  termination  in  the  auricle  it 
is  provided  with  a  valve,  the  EttMhit'ftutn^  which  is  of  large  size  during  foetal  life. 

Eelations, — In  front,  from  below  upward,  with  the  mesentery,  right  spermatic 
artery,  transverse   portion   of  the  duodenum,  the  fiancreas,  portal   vein,  and  the 

'  Sec  two  cases  which   havi*  bt?en  descnbfd  by  ^Ir.  Wiilshura  in  the  St.  Bartholomeu^i  Ifairpitfd 
MeportSt wqI»,  xvi.  and  xvii* 
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posterior  surface  of  the  liver,  which  partly  and  occasionally  completely  surrounds 
it;  behind,  with  tlit*  vertebral  column,  the  right  crus  of  the  Diaphragm,  the  right 
renal  and  luuihar  Jtrteries,  right  semilunar  ganglion  ;  on  the  left  aide,  with  the 
aorta. 

Tributaries. ^It  receives  in  its  course  the  following  veins: 

Lumbar.  Suprarenal* 

Right  Spermatic-  Phrenic. 

Renal.  Hepadc. 

Peculiarities.— //I  Pmttion, — This  y(^l  is  sometimes  plaeed  on  the  left  side  of  the  aorta, 
as  hi*:h  as  the  left  renal  veinB,  after  receiving  which  it  eros8e8  ov^er  to  its  usual  position  on  tlie 
ri^ht  siile;  or  it  may  Ih?  jrlaced  altogether  on  the  left  si^je  of  the  aorta,  as  tar  upward  as  its  tcr- 
miuatiim  in  the  heart :  ia  such  cases  the  ahdoniinal  and  thoraeie  viscera,  together  with  the  gn^t 
vessels,  are  all  tntnsposed. 

Foiiif  of  Tf'nnmatioH, — t^of'astonall}*  the  inferior  vena  cava  joins  the  riirht  azyiros  vein, 
which  is  then  of  lartre  sjze.  In  such  «3ase8  the  superior  eavii  receives  the  whole  of  the  l>lood 
from  the  body  before  transmitting  it  to  the  right  auriele,  except  the  bkuni  from  the  hej>atie  veins, 
which  passes  directly  into  the  right  auricle. 

The  lumbar  veins,  four  in  nnniber  on  each  side*  collect  the  blood  by  dorsal 
tributaries  from  the  muscles  an*l  integument  of  the  loins  and  by  abdominal  tribu- 
taries from  the  walls  of  the  abdomen,  where  they  C(unmunicate  with  the  epigastric 
veins.  At  the  spine  they  receive  veins  from  the  spinal  jdexuses,  and  then  pass 
forward,  round  the  sides  of  the  hodieg  of  the  vertebnc  beneath  the  Psoas  magnus, 
and  terminate  at  the  back  part  of  the  inferior  cava.  The  left  lumbar  veins  are 
longer  than  the  right,  and  puss  behind  the  aorta.  The  lumbar  veins  are  connected 
together  by  a  longitudinal  vein  which  passes  in  front  of  the  transverse  firocesses  of  the 
lumbar  vertebne,  and  is  called  the  aHee/Hitmi  lumbar.  It  forms  the  most  frei|uent 
origin  of  the  corresponding  vena  azygog,  and  serves  to  connect  the  comnnui  iliac^ 
ilio-liinibar,  lumbar,  and  azygos  veins  of  the  corresponding  side  of  the  body. 

The  spermatic  veins  emerge  from  the  back  of  the  testis,  and  receive  tributaries 
from  the  epididymis;  they  unite  and  form  a  couvnluted  plexus  called  the  ^/>rr///(if/V' 
^derns  {pli\ii{ii  jnimpififformiif),  which  forms  tlie  chief  mass  of  the  cord  :  the  vessels 
composing  this  plexus  are  very  numerous,  and  ascend  ab»ng  the  cord  in  front  of 
the  vas  deferens;  below  the  external  abdominal  ring  they  unite  to  form  three  or 
four  veins,  which  pass  along  the  sjjermatic  canal,  and,  entering  the  abdomen  through 
the  internal  abdominal  ring,  coalesce  to  form  two  veins,  which  ascend  on  the  Psoas 
muscle  behind  the  peritoneum,  lying  one  on  each  eide  of  the  spermatic  artery,  and 
unite  to  firm  a  single  vein,  which  opens  on  the  right  side  into  the  inferior  vena 
cava  at  an  acute  angle;  on  the  left  side  into  the  left  renal  vein  at  a  right  angle. 
The  flpermatic  veins  are  jrrovirled  with  valves.*  The  left  spermatic  vein  passes 
behind  the  sigmoid  flexure  of  the  colon,  and  is  thus  exposed  to  pressure  from  tlie 
contents  of  that  bowel. 

Surgical  Anatomy, — The  sjiermatic  veins  are  very  frequently  varicose,  eonstitutinp  the 
disease  known  as  varicfK^le.  Though  it  is  ciaite  possible  that  the  originating  eanse  of  this 
affection  may  W  a  eon^eiiiral  abnonnality  either  in  the  size  or  iminber  of  the  veins  of  the 
paiDpiniforin  plexus,  still  it  must  be  adnikied  that  there  are  niuuv  anattunieal  retisons  why  these 
vciasshoulfl  becnnie  vanrtise — viz.  the  iinperfe«;t  support  att'orded  to  them  by  the  loose  tissac  of 
the  si'rotum;  their  irreat  length  ;  their  vertieal  course;  their  (leoendent  po^itiiin  ;  their  plexi  form 
arranjireinent  in  the  serolum,  with  their  tcnninatiou  in  one  small  vein  in  the  abd«>ujen  ;  thi'ir  few 
and  imjieHcet  vsdves;  and  the  fiU't  that  they  maybe  subjected  to  pressure  in  their  passa^re 
through  the  abdominal  wall. 

The  ovarian  veins  are  analogous  to  the  spennatic  in  the  male  :  they  form  a 
plexus  near  the  ovarv  and  in  the  broad  ligament  and  Fallopian  tube,  communi* 
eating  with  the  uterine  plexus.  They  terminate  in  the  same  way  as  the  spermatic 
veins  in  the  male-  Valves  are  occasionally  found  in  these  veins.  These  vessels, 
like  the  uterine  veins,  become  much  enlargeil  during  pregnancy. 

^  RlviuKtoa  has  pointed  out  tliat  a  valve  is  usually  found  nt  iheorilieefj  of  l>oili  the  n^lit  and 
left  s|HTmrilir  \*»jms.  Wlien  no  vnlve^  exist  at  the  oj>ening^  f>f  tlie  left  »ixvnoutie  rein  into  ihv  k-ft 
renal  vein,  valves  are  generally  present  in  the  left  renal  vein  within  a  quarter  of  iin  ineh  fnim 
ihe  orifice  of  the  f^periuatie  vt.4a  ( JouiTfo/  of  Anaiomy  and  Phy&iotoffy,  vol.  viL  p.  163). 
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The  renal  veins  are  of  large  size,  and  placed  m  front  of  the  renal  arteries.' 
The  left  is  longer  than  the  right,  and  passes  in  front  of  the  aorta,  just  below  the 
origin  of  the  superior  mesenteric  artery.  It  receives  the  left  spermatic,  the  left 
inferior  phrenic,  and,  generally,  the  left  suprarenal  veins.  It  opens  into  the  vena 
cava  a  little  higher  than  the  ri^^ht. 

The  suprarenal  veins  terminate,  on  the  right  side,  in  the  vena  cava ;  on  the 
left  side,  in  the  left  renal  or  phrenic  vein. 

The  phrenic  veins  f  dlow  the  course  of  the  phrenic  arteries.  The  two  superior ^ 
of  small  size,  accompany  the  jthrenic  nerve  and  comes  nervi  phreniei  artery,  and 
join  the  internal  mammary.  The  two  hifenor  phrenic  vehis  follow  the  course  of 
the  phrenic  arteries,  and  terminate,  the  right  in  the  inferior  vena  cava,  the  left  in 
the  left  renal  vein. 

The  hepatic  veins  commence  in  the  substance  of  the  liver,  in  the  ca|*illary 
teruiinations  of  the  portal  vein  and  hepatic  artery:  these  tributaries,  gradually 
uniting,  usually  form  three  large  veins,  which  converge  toward  the  posterior 
surface  of  the  liver  and  open  into  the  inferior  vena  cava,  whilst  that  vessel  is 
situated  in  the  groove  at  the  back  part  of  this  organ.  Of  these  three  veins,  one 
from  the  right,  and  another  from  the  left  lobe,  open  obliijuely  into  tlie  inferior 
vena  cava,  that  from  the  middle  of  the  organ  and  lobulus  Spigelii  having  a  straight 
course.  The  hepatic  veins  run  singly,  and  are  in  direct  contact  with  the  hepatic 
tissue.     They  are  destitute  of  valves. 

The  Portal  System  of  Veins. 

The  portal  venous  system  is  composed  of  four  large  veins  which  collect  the 
venous  blood  from  the  viscera  of  digestion.  The  trunk  formed  by  their  union 
{tfena  portte)  enters  the  liver  and  ramifies  throughout  its  substance,  and  its 
branches,  again  emerging  from  that  organ  as  the  bejmtic  veins,  terminate  in  the 
inferior  vena  cava.  The  branches  in  this  vein  are  in  all  cases  single  and  destitute 
of  valves. 

The  veins  forming  the  portal  system  are — the 

Superior  Mesenteric.  Inferior  Mesenteric. 

Splenic,  Gastric, 

The  superior  mesenteric  vein  returns  the  blood  from  the  small  intestines  and 
from  the  cii^cum  ami  ascending  ami  transverse  portions  of  the  colon,  correspond- 
ing with  the  distribution  of  the  branches  of  the  superior  mesenteric  artery.  The 
large  trunk  formed  by  the  union  of  these  branches  ascends  along  the  right  side 
and  in  front  of  the  corresponding  artery,  passes  in  front  of  the  transverse  por- 
tion of  the  duodenum,  and  unites,  behind  the  upper  border  of  the  |»ancreas,  with 
the  splenic  vein  to  form  the  vena  fiortai.     It  receives  the  right  gastro-e(ii]ibuc  vein. 

The  splenic  vein  commences  by  five  or  six  large  branches  which  return  the 
blood  from  the  substance  of  the  spleen.  These,  uniting,  foim  a  single  vessel,  which 
passes  from  left  to  right,  grooving  the  upper  and  back  part  of  the  pancreas  below 
the  artery,  and  terminates  at  its  greater  end  by  uniting  at  a  right  angle  with  the 
superior  mesenteric  to  torm  the  vena  portie.  The  splenic  vein  is  of  large  size,  and 
not  tortuous  like  the  artery.  It  receives  the  vasa  brevia  from  the  left  extremity  of 
the  stomach,  the  left  gastro-epiploic  vein,  pancreatic  branches  from  the  |»ancrea8, 
the  pancreatico-duodensil  vein,  and  the  inferior  mesenteric  vein. 

The  inferior  mesenteric  vein  returns  the  blood  from  the  rectum,  sigmoid  flexure^ 
and  descending  colon,  correspimding  with  the  ramifications  of  the  branches  of 
the  inferior  mesenteric  artery.  Ascending  beneath  the  peritoneum  in  the  lumbar 
region,  it  passes  behind  the  transverse  p<ulion  of  the  duodenum  and  pancreas  and 
terminates  in  the  splenic  vein.     Its  h^emorrhoidal  branches  inosculate  with  those 

'  The  stjident  may  al>scTve  thnt  all  veins  al>ov*^  the  Diaphnii^ni,  which  do  not  lie  on  the  same 

flane  as  the  artt^ries  which  they  iicwtrtumny,  lit*  in  rront  of  them^  ami  that  all  veins  Mow*  ihe 
Haphm^m,  which  (h>   not  Ik*  on  the  same  piane  sw  tht»  arteries  which  they  atx-ompany,  lie  l>e hind 
them,  except  the  renai  and  profunda  femom  vein- 


Note,— In  this  diagram  the  ri^ht  gastni-epiploic  vein  ujiotis  into  the  splenic  vein ;  generally 
It  empties  itself  into  the  superiur  mes«iiterie^  cLse  to  its  termination, 

vature  of  tbe  stomach  toward  the  pyloric  end,  receives  branches  from  the  pylorus 
and  dnodennm,  and  enda  in  the  vena  ]H>rt{fi.  The  latter  {vororiari/^  Walsham) 
begins  near  the  p)dorus>  runs  ahaigthe  lesser  curvature  of  the  stomach  toward  the 

'  Beaidefi  this  anafrtomoelH  l>etw«^tiTi  the  portal  vein  and  the  branches  of  the  vn^na  cuva^  other 
atiiistf>tii08e8  Wtweeii  the  portctl  and  systemic  veins  are  formed  by  the  cononnfueation  between  the 
gjistrie  vein^^and  live  Eii_*sophiigieal  velns»  whiih  empty  lheinselv*L'.^  into  tke  vena  azy^os  minor;  Wtween 
live  left  renal  vein  and  the  veins  nf  rhe  intefttine;^,  espeoiaNy  of  the  efdon  and  duiHlennm;  between  the 
vein«^  f>f  the  round  liKtinieot  of  the  liver  and  the  ]Mirtal  veins;  awl  l>etwten  th*'  sii|H^rlicml  bmncliefl  j 
of  the  porta.1  veins  of  the  liver  and  the  phrenic  veins^  as  pointed  out  by  Mr.  Kiernau.  iSee  PAy*io- 
logieal  Anatomtf^  by  Todd  and  Bowman,  1859,  vol.  ii.  p.  348.] 
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oesophageal  opening,  and  then  curves  downward  and  backward  between  the  folds 
of  the  lesser  omentum,  to  end  in  the  vena  portje. 

The  Portal  Vein  is  f«:*nned   by  the  jonction  of  the  superior  mesenteric  and 

gplenic  veins,  their  union  taking  place  in  front  of  the  vena  cava  and  behind  the 
upper  border  of  the  great  enil  of  the  pancreas.  Passing  upward  through  the  right 
border  of  the  lesser  omentum  to  the  under  surface  of  the  liver,  it  enters  the  trans- 
verse fissure,  where  it  is  somewhat  enlarged,  forming  the  9tj}u»  of  the  portiil  vein, 
and  divides  into  two  branches  which  accompany  the  ramifications  of  the  hcjmtic 
artery  and  hepatic  duct  throughout  the  substance  of  the  liver.  Of  these  two 
branches,  the  right  is  the  larger,  hut  the  shorter,  of  the  two.  The  portal  vein  is 
about  three  or  four  inches  in  length,  and,  whilst  contained  in  the  lesser  omentum, 
lies  behind  and  between  the  hepatic  duct  and  artery,  the  former  being  to  the  right, 
the  latter  to  the  left.  These  structures  are  ac€onipanied  by  filaments  of  the  hepatic 
plexus  of  nerves  and  numerous  lymphatics,  surrounded  by  a  quantity  of  loose 
areolar  tissue  (rapsiiie  of  Giiftson),  and  placed  between  the  layers  »>f  the  lesser 
omentuna*  The  vena  porti^  receives  the  gastric  and  cystic  veins  :  the  latter  vein 
sometimes  terminates  in  the  right  branch  of  the  vena  portae.  Within  the  liver  the 
portal  vein  receives  the  blood  from  the  branches  of  the  hepatic  artery. 


THE  CAEDIAO  ¥EmS. 

The  veins  which  return  the  blood  from  the  substance  of  the  heart  are — the 


Anterior  Cardiac  Vein. 
Posterior  Cardiac  Vein. 
Left  Cardiac  Veins. 


Right  Cardiac  Veins. 
Right  or  Small  Coronary  Sinus. 
Left  or  Great  Coronary  Sinus. 
Venje  Thebeaii. 


The  Anterior  Cardiac  Vein  (sometimes  called  Great  Cardiae  I'^em)  is  a  vessel 
of  considerable  size  which  commences  at  tbe  apex  of  the  heart  and  ascends  along 
the  anterior  interventricular  groove  to  the  base  of  the  ventricles.  It  then  curves 
to  the  left  side,  around  the  auriculo-ventricular  groove,  between  the  left  auricle 
and  ventricle,  to  the  back  part  of  the  hearl,  and  opens  into  the  great  coronary 
sinus,  its  aperture  being  guarded  by  two  valves.  It  receives,  in  its  course,  tribu- 
taries from  both  ventricles,  but  especially  tbe  left,  and  also  from  the  left  auricle; 
one  of  these,  ascending  along  tlie  thick  margin  of  the  left  ventricle,  is  of  consider- 
able size.     The  vessels  joining  it  are  provided  with  valves. 

The  Middle  Cardiac  Vein  commences  by  small  tributaries  at  the  apex  of  the 
hearty  commuuicatiug  with  those  of  tbe  jireceding-  It  ascends  along  the  jtosterior 
interventricular  groove  to  tbe  l»nse  of  the  heart,  and  terminates  in  tbe  great  coro- 
nary sinus,  its  oritice  being  guarded  by  a  valve.  It  receives  the  veins  from  the 
posterior  surfiicc  of  both  ventricles. 

The  Left  or  Posterior  Cardiac  Veins  are  three  or  four  small  vessels  which  col- 
lect the  blood  from  the  j roster i or  surface  of  the  left  ventricle,  and  open  into  the 
lower  border  of  tbe  great  coronary  sinus. 

The  Biglit  or  Anterior  Cardiac  Veins  sire  three  or  four  small  vessels  which  col- 
lect the  bhiod  from  the  autt-rior  surface  of  the  right  ventricle.  One  of  these  (the 
vein  of  Gttlen),  larger  than  the  rest,  runs  along  the  right  border  of  tbe  heart. 
They  open  separately  into  the  lower  part  of  the  right  auricle. 

The  Eight  or  Small  Coronary  Sinus  runs  along  the  groove  between  the  right 
auricle  and  ventri<*le,  tn  o[ien  into  the  right  extremity  of  the  great  coronary  sinus. 
It  receives  bh^nd  from  the  buck  [jart  of  the  right  auricle  and  ventricle. 

The  Left  tir  Great  Coronary  Sinus  is  that  portion  of  the  anterior  cardiac  vein 
which  is  situated  in  tbe  posterior  fiart  of  the  left  auricuh>ventricuh^r  groove.  It 
is  about  an  inch  in  leu<j:th,  presents  a  considerable  dilatatioii,  and  is  covered  by 
the  muscular  fibres  of  the  left  auricle.  It  receives  the  veins  enumerated  above, 
and  an  fMi^fut'  rehi  from  the  back  part  of  the  left  auricle,  the  remnant  of  the 
obliterated  left  innominate  trunk  of  the  foetus,  described  by  Mr.  Marshall.     The 
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great  coronary  sinus  terminates  in  the  right  auricle  between  the  inferior  vena  cava 
and  the  auriculo-ventricular  aperture,  its  orifice  being  guarded  by  a  semilunar 
fold  of  the  lining  membrane  of  the  heart,  the  coronary  valve.  All  the  veins  join- 
ing this  vessel,  excepting  the  oblique  vein  above  mentioned,  are  provided  with 
valves. 

The  Vena  Thebesii  are  numerous  minute  veins,  which  return  the  blood 
directly  from  the  muscular  substance,  without  entering  the  venous  current.  They 
open  by  minute  orifices  (^foramina  Thebesii)  on  the  inner  surface  of  the  right 
auricle.  Similarly  minute  veins  are  said  to  open  into  the  left  auricle  and  both 
ventricles. 


rilHE  Lvmphatics  have  derived  their  name  froTjn  the  appearance  of  the  flinti  con* 
X  tallied  in  their  interior  [bpftpha^  water).  Thev  are  also  called  ahmyrhent»^ 
from  the  property  they  possess  of  absorbing  certain  materials  from  the  tissues  and 
coiiveying  them  into  the  circulaiion. 

The  lymjjhatic  system  includes  not  only  the  lymphatic  vessels  and  the  glands 
through  which  they  pass,  but  also  the  laeteat  or  vhiflif*nms  vvmvh.  The  laeteals 
are  the  lym[ihatic  vessels  of  the  small  intestine,  and  differ  in  no  respect  from  the 
lymphatics  generally,  excepting  that  they  contain  a  milk-white  fluid,  the  vhifh\ 
during  the  pi'oceiss  of  digestion,  and  convey  it  into  the  blood  through  the  thoracic 
duct. 

The  lymphatics  are  exceedingly  delicate  vessels,  the  coats  of  which  are  so 
transparent  that  the  titiid  they  contain  is  readily  seen  through  them.  They  retain 
a  nearly  uniform  size,  being  interrupted  at  inlervals  by  constrictions,  which  give 
them  a  knotted  or  headed  appearance*  These  constrictions  are  due  to  the  pres- 
ence of  valves  in  their  interior.  Lymphatics  have  been  found  in  nearly  every 
texture  and  organ  of  the  body  which  contain  bh»od-vessels.  Such  non-vascular 
structures  as  eartikge,  the  nails,  cuticle,  and  hair  have  none,  bnt  with  these 
exceptions  it  is  probable  that  eventuully  all  parts  will  be  found  to  be  permeated 
by  these  vessels. 

The  lymphatics  are  arranged  into  a  superficia!  and  deei>  set.  The  superficial 
lymjjhatics,  <m  the  surface  of  the  body,  are  placed  immettiately  beneath  the  integ- 
ument, acci»mpanying  the  superficial  veins  :  they  join  the  deep  lymphatics  in  cer- 
tain situations  by  perforating  the  deep  fascia.  In  the  interior  of  the  body  they 
He  in  the  submucous  areolar  tissue  throughout  the  whole  length  of  the  gastro* 
pulmonai*y  and  gen i to-urinary  tracts,  and  in  the  subserous  tissue  in  the  cianiaK 
thoracic,  an<l  abdominal  cavities.  The  methiKl  of  tlieir  origin  has  been  described 
along  with  the  other  details  of  their  minute  anatomy  (page  )^^^).  Here  it  will  be 
sulhcient  to  say  that  a  plexiform  network  of  minute  lymphatics  may  be  found 
interspersed  among  the  proper  elements  and  hlood-vessels  of  the  several  tissues, 
the  vessels  composing  which,  as  well  as  the  meshes  between  them,  are  much  larger 
than  those  of  the  cafiillary  plexus.  From  these  networks  small  vessels  emerge, 
which  pass  either  to  a  neighboring  gland  ur  to  join  some  larger  lyn)phatic  trunk. 
The  deep  lymphatics,  fewer  in  number  and  larger  than  the  superficial,  aL-cnnipany 
the  deep  blood-vessels.  Their  mo<le  of  oiigin  is  probably  similar  to  that  of  the 
superficial  vessels.  The  lymphatics  of  any  part  or  organ  exceed  the  veins  in 
number,  but  in  size  they  are  much  smaller.  Their  anastomoses  also,  especially 
those  of  the  large  trunks,  are  more  fre(pieut.  and  are  effected  by  vessels  eqtial  in 
diameter  to  those  which  they  crmnect,  the  continuous  trunks  retaining  the  same 
diameter. 

The  lymphatic  or  absorbent  glands,  named  also  mughhaie  tjlaiuh,  are  small, 
solid,  glandolar  bodies  situated  in  the  course  of  the  lymphatic  and  lacteal  ves- 
sels* In  size  they  vary  fn*m  a  hemp-seed  to  an  almond,  and  their  color,  on  sec- 
tion, 18  of  a  pinkish-gray  tint,  excepting  the  bronchial  glands,  which  in  the  adult 
are  mottle<i  with  black.  Each  gland  has  a  layer  or  capsule  of  cellular  tissue 
investing  it,  from  whioh  probmgations  di[i  into  its  substance,  forming  j)artitions. 
The  lymphatic  and  lacteal  vessels  pass  through  these  bodies  in  their  passage  to 
the  thoracic  and  lymjihatic  ducts.     A  lymphatic   or  lacteal  vessel,   previous  to 
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entering  a  glaod,  divides  into  several  small  branches,  which  are  named  afft'rent 
vessels.     As  tliej  enter  their  external  coat  becomes  continuous  with  the  capsule  of 

the  gland,  and  the  ves&eK  much 
thinned,  antl  consisiting  only  of 
their  internal  or  endothelial  coat, 
paas  into  the  gland,  and  branch 
out  upon  and  in  the  tissue  of  the 
catjsuk%  these  branches  opening 
into  the  lyniph-siimses  of  the 
gland.  From  these  sinuses  fine 
branches  proceed  to  form  a  plex- 
us, the  vessels  of  which  finite  to 
form  a  single  efferent  vessel,  which, 
on  eraerging  from  the  gland,  is 
again  invested  with  an  external 
coat.  (Further  details  on  tije  mi- 
nute anatomy  of  the  lymphatic  ves- 
sels and  glands  will  be  fonnd  in  the 
chapter  on  General  Anatomy.) 
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THE  THORACIC  DUCT. 

The  thoracic  duct  (Fig.  394) 
conveys  the  great  mass  of  lymph 
and  chyle  into  the  Wood.  It  is  the 
common  trunk  of  all  the  lymphatic 
vessels  of  the  body,  excepting  those 
of  the  right  side  of  the  head,  neck, 
and  thorax,  and  right  iq)per  ex- 
tremity, the  right  Itmg*  right  side 
of  the  heart,  and  the  convex  sur- 
face of  the  liver.  It  varies  in 
length  from  fifteen  to  eighteen 
inches  in  the  adult,  and  extends 
from  I  he  second  lumbar  vertebra 
to  the  root  of  the  neck.  It  com- 
mences in  the  abdomen  by  a  trian- 
gular dilatation,  the  revepfaruittm 
eh^li  (re  Her  voir  or  cistern  uf  Pte- 
quet),  which  is  situated  upon  the 
front  of  the  body  of  the  second 
lumbar  vertebra,  to  the  right  side 
and  behind  the  aorta,  by  the  side 
of  the  right  crusof  the  Diiipbragm, 
It  aseentls  into  the  thorax  through 
the  aortic  opening  in  the  Dia- 
phragm, lying  to  the  right  of  the 
aorta,  luid  is  placed  in  the  pos- 
terior mediastinum  in  front  of  ihe 
vertebral  column,  lying  between 
the  aorta  and  vena  ajeygos  major. 
Opposite  the  fourth  dorsal  ver- 
tebra it  inclines  toward  the  left 
side,  and  ascends  behind  the  arch  of  the  aorta  on  the  left  side  of  the 
oesophagus,  and  behind  the  first  portion  of  the  left  sid>elavjan  artery,  to  the 
upper  orifice  of  the  thorax.  Opposite  the  seventh  cervical  vertebra  it  turns 
outward  and  then  curves  downward  over  the  stibclavian  artery  and  in  front  of 
the  Scalenus  anticus  muscle,  so  as  to  form  an  arch,  and  terminates  in   the  left 
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subclavian  vein  at  its  angle  of  junction  with  the  left  internal  jugular  vein.  The 
thoracic  duct,  at  its  conimtTicement,  is  ahfnit  e^jual  in  size  to  die  diameler  of  a 
goosetiuill,  diminishes  t*«>nsiderably  in  its  calibre  in  the  middle  of  the  thonix,  and 
is  a^ain  dilated  just  botore  its  termination.  It  is  generally  flexuous  in  its  course, 
and  constricted  at  intervals  so  as  to  present  a  varicose  appearance.  The  thoracic 
duct  not  iinfre(|uently  divides  in  the  middle  of  its  course  into  two  branches  of 
unequal  size,  which  soon  reunite,  or  into  several  branches,  which  form  a  plexiform 
interlacement.  It  occasionally  divides,  at  its  upper  |mrt,  into  two  brancbes.  of 
which  the  one  on  the  left  side  teruiinates  in  the  usual  manner,  while  that  on  the 
right  opens  into  the  right  subclavian  vein,  in  connection  with  the  right  lymphatic 
duct  The  thoracic  duct  has  numerous  valves  throughout  its  whole  course,  but 
they  are  more  numerous  in  the  upper  than  in  the  lower  part :  at  its  termination  it 
is  provided  with  a  pair  of  valves*  the  free  borders  of  which  are  turned  toward  the 
vein,  so  as  to  ]>rcvent  the  passa;^e  of  venous  blood  into  the  fluct. 

Tributaries. — The  thoracic  duct,  at  its  commencement,  receives  four  or  five 
large  trunks  from  the  abdominal  lym]>hatic  glands,  and  also  the  trunk  of  the 
lacteal  vessels.  Within  the  thorax  it  is  joined  by  the  lymphatic  vessels  from  the 
left  half  of  the  wall  of  the  thoracic  cavity,  the  lymphatics  from  the  sternal  and] 
intercostal  glands,  those  of  the  left  lung,  left  side  of  the  heart,  trachea,  and 
fjesophagus;  and,  just  before  its  termination,  it  receives  the  lymphatics  of  the  left 
side  of  the  head  and  neck  an<l  left  upper  extremity. 

Structure  (Fig.  61).=— The  thoracic  duct  is  composed  of  three  coats,  which 
difTer  in  some  res|>ects  from  those  of  the  lymphatic  vessels.  The  internal  eoftt 
consists  of  a  single  layer  of  flattened  lanceolate-shaped  endothelial  cells  with 
serrated  borders;  of  a  subendotheiial  layer,  similar  to  that  found  in  the  arteries; 
and  an  elastic  fibrous  coat,  the  fibres  of  which  run  in  a  longitudinal  directirm. 
The  midtlh'  coat  consists  of  a  longitudinal  layer  of  white  connective  tissue  with 
elastic  fibres^  external  to  which  are  several  laminie  of  muscular  tissue,  the  fibres  of  i 
wbich  are  for  the  most  part  disposed  transversely,  but  some  are  oblitjue  or 
longitudinal  and  intermixed  with  elastic  fibres.  The  eiternal  coat  is  composed  of 
areolar  tissue,  with  elastic  fibres  and  isolated  fasciculi  of  muscular  fibres. 

The  Eight  Lirmpliatic  Duct  is  a  short  trunk,  ab(mt  half  an  inch  in  length  and 
a  line  or  a  line  and  a  half  in  diameter.  It  tenninatesin  the  right  subclavian  vein 
at  its  angle  of  junction  with  the  right  internal  jugular  vein.  Its  orifice  is  guar i led 
by  two  semilunar  valves,  whteh  prevent  the  passage  of  venous  blood  into  the  duct. 

Tributaries. — It  receives  the  lymph  from  the  right  side  of  the  head  and  neck, 
the  right  upper  extremity,  the  right  side  of  the  thorax,  tbe  right  lung  and  right 
side  of  the  heart,  and  from  part  of  the  conve.x  surface  of  the  liver. 


LYMPHATICS  OF  THE  HEAD,  FACE,  AND  NECK. 

The  Lymphatic  Glands  of  the  Head  (Fig.  395)  are  of  small  size,  few  in  number, 
and  confined  to  its  posterior  region.  They  are  the  ocvipitnl  and  pttatrrior 
auricular.  The  occifflffd  act  are  |daced  at  the  back  of  the  head  along  the  atrach- 
ment  of  the  Occipito-frontalis  muscle.  The  inmierlnr  fuirinihir  »t'f  are  placed  near 
the  upper  end  of  tlie  Sterno-mastoid  muscle.  Both  these  sets  of  glands  are 
afl^ected  in  cutaneous  eruptions  and  other  diseases  of  tbe  scalp,  In  the  face  the 
superficial  lymphatic  glands  are  more  numerous  :  they  are  the  parotlJ,  some  of 
which  are  superficial,  and  others  deeply  filaced  in  the  substance  of  the  parotidj 
gland  ;  the  ztf(/'Uttft(i<\  situatol  under  tbe  scygoma;  the  bufcffi,  on  the  surface  of  the 
Buccinator  musele  ;  and  tbe  ititertuil  marilitfri/,  the  largest,  beneath  the  ramus  of 
the  brwer  jaw. 

The  lymphatic  vessels  of  the  scalp  ai-e  divided  into  an  auft-rtor  and  a  prMerior 
8et^  which  follow  tbe  course  of  the  temporal  and  occipital  vessels.  The  tempnral 
set  accompany  the  temporal  artery  in  front  of  tbe  ear,  to  the  parotid  lymphatic 
glands,  from  which  they  proceed  to  the  lymphatic  glands  of  the  neck.  The 
occipittsl  ifel  follow   the  course  of  the  occipital  artery,  descend   to  the  occipital 
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Fid.  395.— The  superftcf«l  lymphntlcs  and  glAOds  of  the  bead,  faee,  and  neck. 


with  the  facial  vein,  pass  through  the  buccal  glands  on  the  surface  of  the  Bucci- 
nator muscle-^  and  join  the  submaxillary  lynijihatic  glands.  The  latter  receive  the 
Ivmpliiitic  vessels  from  the  lips,  and  are  often  found  enlarged  in  cases  of  malignant 
disease  of  those  j>arts. 

The  deep  lymplLatic  vessels  of  the  face  are  derived  from  the  pituitary  membrane 
of  the  nose,  the  mucous  membrane  of  the  mouth  and  pharynx,  and  the  contents 
of  the  temporal  and  orb i tal  fossae  ;  they  nceompany  the  branches  of  the  internal 
maxilbiry  artery,  and  terminate  in  the  internal  maxillary  and  cervical  lyui|>ijatie 
glands. 

The  lymphatic  vessels  of  the  cranium  consist  of  two  sets,  the  menmffeal  and 
cerebral  The  menim/i'al  hftuphatkit  accompany  the  meningeal  vessels,  escape 
through  foramina  at  the  base  uf  the  skull,  and  join  the  deep  cervical  lymphatic 
glands.  The  rerfhral  lifrnphattcs  are  described  by  Eshmann  as  being  situated 
between    the   arachnoid  and  pia  mater,  as  well  as  in  the  choroid  plexuses  of  the 
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jaw  in  the  submaxillary  triangle  ;  (2)  suprahyoid,  gituated  in  the  middle  line  of  the 
neck,  between  tbe  anterior  bellies  of  the  two  digastric  miisclet* ;  and  (3)  eervieal^ 
placed  in  tlie  course  of  the  external  jugular  vein  between  the  Platysma  and  deep 
fascia-  They  are  most  numerous  at  the  root  of  the  neck,  in  the  triangular 
interval  between  the  clavicle,  the  Sterno-mastoid,  and  the  Trapezius*  where  they 
are  continuous  with  the  axillary  glaiMils.  A  few  small  glands  are  also  found  on 
the  front  and  sides  of  the  larynx. 

The  deep  cerTical  glands  (Fig.  390)  are  numerous  and  of  large  size;  they  form 
a  chain  along  the  sheath  of  the  carotid  artery  and  internal  jugular  vein,  lying  by 
the  side  of  the  pharynx,  esophagus,  and  trachea,  and  extending  from  the  base  of 
tbe  skull  to  the  thorax,  where  they  communicate  with  the  lymphatic  glands  in  that 
cavity.     They  are  subdivided  into  two  sets:  an  tipper^  ten  to  twenty  in  number, 
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situated  about  the  bifurcation  nf  the  common  carotid  and  along  the  upper  part 
of  the  internal  juguhir  vein  ;  nnd  a  hwe}\  ten  to  fifteen  in  ninuber,  clustered  around 
the  lower  part  of  the  internal  jngiihir  vein,  an<l  extending  outward  into  the  supra- 
clavicular fo8j*a.  where  they  are  eontniunus  with  the  axillary  glands.  Internally^ 
this  set  h  continuous  with  the  nietliastinal  glaruls. 

The  saperficial  and  deep  cervical  lympliatic  vessels  are  a  continuation  of  those 
already  descrihi^d  on  the  craniinu  and  face.  After  traversing  the  glands  in  those 
regions^  they  pass  through  the  cliain  of  glands  which  lie  along  the  sheath  of  the 
carotid  vessels,  being  joined  by  the  lymphatics  from  the  |>haryn.\%  a'sophagus, 
larynx,  trachea,  and  thyroid  glautl.  At  the  lower  part  of  the  neck,  after  receiving 
some  lymphatics  from  the  thorax,  tbcy  unite  into  a  single  trtmk,  which  terminates, 
on  the  left  side,  in  the  thoracic  duct;  on  the  right  side,  in  the  right  lymphatic 
diict. 

Surgical  Anatamy.— The  cervical  glamls  are  very  frequently  tlits  seat  of  tubert?n]ous 
truuhle.  This  con<lition  i?«  most  usually  set  up  by  some  hmm  in  those  parts  from  which  ttiey 
re»ceive  their  lymph.  This  excites  snnie  infiiunumtiou,  which  subsc(|iieTitly  takes  on  a  tutx-RMiloua 
eharaeter.  It  is  very  desirable.  lhere!bre,  for  the  sursenn,  in  tlealing  with  these  eases,  to  possesa 
a  knowledge  of  the  relation  <4'  the  respective  ^Troups  of  ^Iwutis  to  the  periphery.  The  followiii;^ 
table  is  extraeted  from  ^Ir.  Treves' s  work  on  Sero/ttia  and  it  a  Ghntd  JH^raatos: 

Scnfn. — Posterior  part  =  suboccipitid  and  mastoid  glands.  Frontal  titid  jmrietal  portions  = 
parotid  *rtands. 

Lyiiiphatic  vesscds  from  the  scalp  also  enter  the  superficial  eervicjd  set  of  glands. 

Skin  of  face  ami  /i/i/;  =  siibn>nxillary,  parotid,  and  superficial  cervical  glands^ 

Kzternai  ear  =  superficial  cervical  pliintls. 

Lancer  lip  =  submaxillary  aiMl  supr.diyoid  ^landa» 

BuiTfii  fvf  riV?/ ^  snhmaxiUary  and  upper  set  of  deep  cenieal  glands. 

Giiriui  of  lttu*rjtnr  =  subintixillary  i^muds. 

Totn/fi^^—Auivrmr  portion  —  suprahyoid  and  submaxillary  ^^bnds.  Posterior  portion^ 
upper  set  of  deep  cMtrvical  glands. 

Tftrnftls  tiftd  pfiifite  ^  upper  set  of  deep  cer\'ieal  glands. 

Pfian/ttx.—\Jn\iGT  part  =  parotid  and  retro-pharyni^eal  glands.  Lower  juirt  =  upper  set  of 
deep  eervic(d  inlands, 

I^in/iix,  orhiL  find  rnof  of  mmith  —  upper  set  of  deep  eervieal  jL'latvds. 

AWi//o,wfr  —  retro-pharynge:d  j^lands^  upper  set  of  deep  eervieal  glande.  Some  lymphatic 
vessels  from  posterior  part  of  the  fossas  enter  the  parotid  glands. 

LYMPHATICS  OF  THE  TJPPEE  EXTREMITY, 

The  Ljnupbatic  Glands  of  the  Upper  Extremity  (Fig.  3*JT)  are  divided  into  two 
sets,  mtperjiviitl  and  i/^vy. 

The  superficial  lymphatic  glaads  aie  few  and  of  small  &ize.  There  are  occa- 
sionally two  or  three  in  front  of  the  elbow,  and  one  or  two  ahove  the  internal 
condyle  of  the  humerus,  near  the  basilic  vein. 

The  deep  lymphatic  glands  are  few  in  number,  aud  are  subdivided  into 
those  in  the  ft>rear]u,  the  unu.  and  the  axilla.  In  the  forearm  a  few  jsniall 
ones  are  occasionally  found  in  the  course  of  the  radial  and  ulnar  vesHeLs,  In  the 
an/t  there  is  a  chain  of  small  ^landt4  along  the  inner  side  of  the  brachial  artery. 
One,  sometimes  two,  fairly  constant  glands  are  situated  a  little  above  and  in  front 
of  the  inner  condyle  of  the  humerus.  In  the  axilhi  they  are  of  lartre  size,  and 
iistially  ten  or  twelve  in  nuud_>er.  A  chain  of  these  glands  siirrtuinds  the  axillary 
vessels,  imbedded  in  a  ♦|iuintity  of  loose  aretdar  tissue:  they  receive  the  lymphatic 
vessels  from  the  arm;  others  are  dispersed  in  the  areolar  tissue  of  the  axilla;  the 
remainder  are  arranged  in  two  series,  a  small  chain  running  along  the  lower 
border  of  the  Pectoralis  major,  receiving  the  lymphatics  from  the  front  of  ihe 
chest  and  mamma  ;  and  others  are  placed  along  the  lower  margin  of  the  posterior 
wall  of  the  axilla,  which  receive  the  lymphatics  from  the  intCjijument  of  tiie  back. 
Two  or  three  subclavian  lymphatic  glands  are  jdaeed  immetliately  beneath  the 
clavicle;  it  is  through  these  that  the  axillary  and  deep  cervical  glands  communi- 
cate with  each   othor. 

Surgical  Anatomy.— In  maliirfiant  diseases,  tumors,  or  other  affections  implicatiaj?  the 
upper  part  'jf  thti  hark  aud  shriulder.  the  front  of  the  chest  and  manmia,  the  upper  part  of  tlie 
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front  and  side  of  the  abdomen,  or  the  hand,  forettim,  and  arm,  the  axilbry  glaods  are  liable  to 
be  found  enlarged. 

The  lymphatic  vessels  of  the  upper  extremity  are  divided  into  two  sets,  guper- 

ficial  and  det-jK 

The  superficial  lympliatic  vessels  of  the  upper  extremity  commence  on  the  fin- 
gers, two  vessels  running  along  either  side  of  each  finger,  one  on  the  palmar  and 
the  other  on  the  dorsal  aurfaoe*     Those  on  the  palmar  surface  fonn  an  arch  in  the 


AjnUarff  i^laiuU. 


Fio.  397.— The  superficlRl  Isanphatlcs  and  frlands  of  the  upper  extretnity, 


palm  of  the  hand,  from  which  are  derived  two  sets  of  vessels,  which  pass  up  the 
forearm,  taking  the  course  of  the  subcutaneous  veins.  The  lymphatics  from  the 
dorsal  surface  of  the  fingers  form  a  plexus  on  the  back  of  the  hand,  and,  windiug 
around  the  inner  and  outer  borders  of  the  forearm,  unite  with  those  in  front.  Those 
from  the  inner  border  of  the  hand  accompany  the  ulnar  veins  along  the  inner  side 
of  the  forearm  to  the  bend  of  the  elbow,  where  they  are  joined  by  some  lymphatics 
from  the  outer  j^ide  of  the  forearm  :  they  then  follow  the  course  of  the  basilic  vein, 
communicate  with  the  glands  jnnuediately  ribuve  the  elbow,  and  terminate  in  the 
axillary  glands,  joining  with  the  deep  lymphatics.     The  supei^ficial  lymphatics  from 
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the  outer  and  back  part  of  the  hand  accompany  the  radial  veins  to  the  bend  of  the 
elbow.  They  are  less  niuiierous  than  the  preceding.  At  the  bend  of  the  elbow 
the  greater  number  join  the  ba^silic  group  ;  the  rest  ascend  with  the  cephalic  vein 
on  the  outer  side  of  ihearni,  some  crossing  the  opper  part  of  the  Biceps  obliquely, 
to  terminate  in  the  axillary  glands,  whilst  one  or  two  accompany  the  cephalic  vein 
in  the  cellular  interval  between  the  Pecturalis  major  and  Deltoid,  and  enter  the 
subclavian  lymjibatJc  ghiiuls. 

The  deep  lymphatic  vessels  of  the  upper  extremity  accompany  the  deep  blood- 
vessels. In  the  forearm  they  consist  of  four  sets,  corresjjonding  with  tlie  radial, 
ulnar,  and  interosseous  arteries  ;  they  pass  through  the  glands  occasionally  found 
in  the  course  of  those  vessels,  and  communicate  at  intervals  with  the  superficial 
lym]>hatics.  In  their  course  ufiward  some  of  theiu  pass  through  the  glands  which 
lie  upon  the  brachial  artery  :  they  then  enter  the  axillary  and  subclavian  glands, 
and  at  the  root  of  the  neck  terminate  on  the  left  side  in  the  thoracic  duct,  and  on 
the  right  side  iu  tiie  right  lymphatic  duct. 

LITMPHATICS  OF  THE  LOWER  EXTRIMITY. 

The  Lymphatic  Glands  of  the  Lower  Extremity  are  divided  into  two  sets,  miper- 
fivlal  and  dt:ep.  The  superficial  are  confined  to  the  inguinal  region,  forming  the 
9 uptj rjit' ia I  im/ u hi  ti !  /// m/ 1 h  a t i* "  ij h f  n ^h . 

The  superficial  inguinal  lymphatic  glands»  placed  immediately  beneath  the 
integument,  are  of  hirge  size,  and  vary  from  eight  to  ten  in  number.  They  are 
divisible  into  two  groups  ;  an  upper  ohliqiie  set,  disposed  irregularly  along  Pou- 
part*s  ligament,  which  receive  the  lym^ihatic  vessels  from  tVic  integument  of  the 
scrotum,  j>enis,  parietes  of  the  Hlxlomeu,  |>erineal  and  gluteiil  regions,  and  the 
mucous  membrane  of  the  urethra :  and  an  inferior  vertieal  set,  which  surround  the 
saphenous  of>ening  in  the  fascia  lata,  a  few  being  stunetinies  continued  alung  the 
saphenoijj^  vein  to  a  variable  extent.  This  latter  group  receive  the  superficial 
lymphatic  vessels  from  the  lower  extremity. 

Surgical  Anatomy. ^^Tljcse  glaads  fn^<|aently  bei.^omc  enlarged  iu  diseases  imijli eating  the 
parts  from  which  their  lyiophaticij  originate.  Thus  in  niEdigiiiiiit  or  syphilitic  uffeetions  of  the 
prepui'e.  aud  penis,  or  ei'  the  lahla  njajura  in  the  feuiale,  iu  eaiieer  i*eroti.  in  ahseessin  the  pirri* 
Djisinn,  ur  in  any  tulier  iliseases  iiffeetiag  the  integument  and  snperficitil  structures  in  those  partes 
or  the  subumbijiml  jjart  of  the  abdomiual  wall  or  the  glateal  regiorK  the  ujipcr  chain  of  glanda 
is  ahnout  invariably  enlarged,  the  lower  chain  being  iuiplie^itedln  discasea  affecting  the  lower 
huib. 

The  deep  lymphatic  glamia  are  the  anterior  tibial,  popliteal,  deep  inguinal, 
gluteab  and  ischiatic. 

The  anterior  tibial  gland  is  not  constant  in  its  existence.  It  is  gener- 
ally found  by  the  side  of  the  anterior  tibial  artery,  npon  the  interosseous  mem- 
brane at  the  upper  part  of  the  leg.  Occasionally,  two  glands  are  found  in 
this  situatitui. 

The  popliteal  glands,  four  <u"  five  in  number-,  are  of  small  size;  they  surround 
the  po[)liteal  vessels,  imbedded  iu  the  cellular  tissue  and  fat  of  the  popliteal  space. 

The  deep  inguinal  glands  are  placed  beneath  the  deep  fascia  aroun^i  the  femoral 
artery  tniA  vein.  They  are  of  suuill  size,  and  communicate  with  the  suj^erficial 
inguiiuil  glands  through   the  saphenous  o]>ening. 

The  glnteal  and  iscMatic  glands  are  placed,  the  former  above,  the  latter  below, 
the  Pyriformis  muscle,  resting  on  their  corresponding  vessels  as  they  pass  through 
the  great  sacro*sciatic  foramen. 

The  Ljrmphatic  Vessels  of  the  Lower  Extremity,  like  the  veins,  may  be  divided 
into  two  sets,  Hitfterfu-ial  ami  dvvp. 

The  superficial  lymphatic  vessels  are  placed  beneath  tlie  integument  in  the 
supertieial  fascia,  and  are  divisible  into  two  groujis :  an  internal  group,  which 
follow  the  course  of  the  internal  saphenous  vein;  and  an  external  group,  which 
accnuipany  the  external  saphenous.  The  internal  gr imp ,  the  larger,  commence  «*n 
the  inner  side  and  dorsum  of  the  f^Mit;  they  pass,  some  in  front  and  some  behind 
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the  inner  ankle,  run  up  tlie  leg  with 
the  internal  sa[ihennus  vein,  [la-ss  with  it 
behind  the  inner  condyle  of  the  femur, 
and  accompanj  it  to  the  groin,  where 
they  terminate  in  the  gronp  (jf  etiper- 
ficial  inguinal  lymphatic  glands  which 
surround  the  sapbenuus  opening.  Some 
of  the  efferent  vessels  from  thi*8e  glands 
pierce  the  cribriform  fascia  and  sheath 
of  the  femoral  vessels,  and  terminate  in 
a  lymphatic  gland  contained  in  the 
femoral  canal,  thus  establishing  a  com- 
munication between  the  lymphatics  of 
the  lower  extremity  an<l  those  of  the 
trunk  ;  others  pierce  the  fa^scia  lata  and 
join  the  deep  ingiiinal  glands.  The  ex- 
ternal  group  arise  from  the  outer  side 
of  the  foots  ascend  in  front  of  the  leg, 
and,  just  below  the  knee,  cross  the  tibia 
from  without  inward,  to  join  the  lym- 
phatics on  the  inner  side  of  the  thigh. 
Others  eomincnce  on  the  outer  side  of 
the  foot,  pass  beliind  the  outer  malleolus, 
and  accompany  the  external  saphenous 
vein  along  the  back  of  the  leg,  where  they 
enter  the  pr*plitcal  glands. 

The  deep  lymphatic  vessels  of  the 
lower  extremity  are  few  in  number  and 
accompany  the  deep  blood*vessels.  In 
the  leg  they  consist  of  three  sets,  the 
anterior  tibial,  peroneal,  and  |)osterior 
tibial,  which  accompany  the  corres|iond- 
ing  blood-vessels,  two  or  three  to  each 
artery ;  they  ascend  with  the  blood- 
vessels and  enter  the  lymphatic  glands 
in  the  popliteal  space ;  the  efferent 
vessels  from  these  glands  accompany 
the  femora!  vein  antl  join  the  deep 
inguinal  glands;  from  lhe«e»  the  vessels 
])ass  beneath  Pou|>art's  ligament  and  com- 
municate with  the  chain  of  glands  sur- 
rounding the  external  iliac  vessels. 

The  deep  lymphatic  vessels  of  the 
gluteal  and  ischiatic  regions  frdlow  the 
coui^se  of  the  blood- vessel s»  and  join  the 
gluteal  and  ischiatic  glands  at  the  great 
sac  ro-sc  i  at  i  c  f o  r  a  m  e  u . 

LYMPHATICS  OP  THE  PELVIS  AITO 
ABDOMEN. 

The  Lymphatic   Glands  in  the    Pelvis 

are  the  extcrnul  iliac,  the  internal  iliac, 
and  the  sacraL  Those  of  the  abdomen 
are  the  himbar  glands. 

The  external  iliac  glands  form  an  nnin-         fig.  soa.-Tht-  wnperfieial  lymphtttic*  audgiandi 
terrupted  chain   round  the  external   iliac    ^^f  t«*'*  i^^wer  extremfty. 
vessels,  three  being  placed  round  the  commencement  of  the  vessels  jnst  behind  the 


Fio.  399— The  deep  lymphatic  vessels antl  ^lanrls  of  the  abdomen  and  petvts. 

being  situated  in  the  meso- rectal  fold.     Theae  and  the  internal  iliac  glands  are 
affected  in  malignant  disease  of  the  bladder,  rectum,  or  uterus. 

The  lumbar  glands  are  very  numerons ;  they  are  situated  on  the  front  of  the 
lumbar  vertebrae,  surrounding  the  common  iliac  vessels,  the  aorta,  and  vena  cava; 
they  receive  the  lymphatic  vessels  frnni  the  lower  extremities  and  pelvis,  as  well  as 
from  the  testes  and  some  of  the  abdominal  viscera:  the  efferent  vessels  from  these 
glands  unite  into  a  few  large  trunks,  which,  with  the  lacteals,  form  the  commence- 
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ment  of  the  thoracic  duct.     In  additioE  to  these  there  are  a  few  small  lateral  lum- 
bar tflaiids  which  lie  between  the  transverse  processes  of  the  vertebne,  behind  the 
Psoas  muscle^  and  receive  lymphatics  from  the  back.      In  some  cases  of  malignant 
disease  tbese  glands  become  enormously  enlarged,  completely  surrounding  the  aorti^J 
and  vena  cava,  and  occasionally  greatly  contracting  the  calibre  of  those  vessels*  I 
In  all  cases  i»f  raulignant  disease  of  the  testes  and  in  malignant  disease  of  the  lower  ] 
limb,  before  any  operation  is  attempted,  careful  examination  of  the  abdomen  should  j 
be  niade»  in  order  to  ascertain  if  any  enlargement  exists;  and  if  any  should  be 
detecte<l,  nil  operative  measures  should  be  avoided  as  fruitless. 

The  Lymphatic  Vessels  of  the  Abdomen  and  Pelvis  may  be  divided  into  two  sets, 
super^i'iiti  and  r/i<y^ 

The  superficial  lympliatic  vessels  of  the  walls  of  the  abdomen  and  pelvis  follow 
the  course  of  the  superficial  blood-vessels.  Tho.se  derived  from  the  integument 
of  the  lower  j>art  of  the  abdomen  below  the  umbilicus  follow  the  course  of  the 
superticiai  epigastric  vessels  and  converge  to  the  superior  group  of  the  superficial 
inguinal  glands ;  a  deeper  set  accompany  the  deep  epigastric  vessels,  and  commu- 
nicate with  the  external  ilmc  glanils*  The  superficial  lymphatics  from  the  sides 
of  the  lumbar  part  of  the  abdominal  wall  wind  round  the  crest  of  the  ilium, 
accompanying  the  superficial  circumflex  iliac  vessels,  to  join  the  superior  group 
of  the  superficial  inguinal  glands;  the  greater  number,  however,  run  back- 
ward along  with  the  ilio-lumbar  and  lumbar  vessels,  to  join  the  lateral  lumbar 
glands. 

The  sEperftcial  lymphatic  vessels  of  the  gluteal  region  turn  horizontally  round 
the  outer  side  of  the  nates,  ami  join  the  superHcial  inguinal  glands. 

The  superficial  lymphatic  vessels  of  the  scrotttm  and  perinsBum  follow  the  course  | 
of  the  exterujil  fuidie  vessels,  and  trrraiuate  in  the  superficial  inguinal  glands. 

The  superficial  lymphatic  vessels  of  the  penis  occupy  the  sides  and  dorsum  of 
the  organ,  the  latter  receivjug  the  lymphatics  from   the  skin  covering  the  glans 
penis:   they  all  converge  to  the  u]»|ier  chain  of  tlie  suj>erficial  inguinal  glans.     The 
deep  lymphatic  vessels  of  the  penis  follow  the  course  of  the  internal  pudic  vessels^ j 
and  join  the  internal  iliat-  glands. 

In  the  female  the  lymphatic  vessels  of  the  mucous  membrane  of  the  labia, 
nyiuphic,  autl  clitoris  teruiinati^   in   the  upper  chain  of  the  inguinal  glands. 

The  deep  lymphatic  vessels  of  the  abdomen  and  pelvis  take  the  course  of  the 
priuci[>al  blood-vessels.  Those  of  the  parietes  of  the  pelvis,  which  accompany 
the  gluteal,  ischiatic,  and  obturator  vessels,  follow  the  course  of  the  internal  iliac 
artery,  and  ultimately  join  the  lumbar  lymphatics. 

Theeft'erent  vessels  from  the  inguiniil  glnnds  enter  the  pelvis  beneath  Poupart's 
liganumt.  where  they  lie  in  close  relation  with  the  femoral  vein :  they  then  pass 
through  the  chain  of  glands  surrounding  the  external  iliac  vessels,  aiul  finally  ter- 
miuate  in  the  lumbar  glands.  They  receive  the  deep  epigastric  and  circumflex 
iliac  lymphatics. 

The  lymphatic  vessels  of  the  bladder  arise  from  the  entire  surface  of  the 
orgiin ;  ^  ihe  greater  number  run  beneath  the  peritoneum  on  its  posterior  surface, 
and,  after  passing  through  the  lymphatic  glands  in  that  situation,  join  with  the 
lymphatics  frfun  the  prostate  and  vesiculte  seminales,  and  enter  the  internal  iliac 
glands. 

The  lymphatic  vessels  of  the  rectum  are  of  large  size;  after  passing  through 
some  small  glands  that  lie  upon  its  outer  wall  and  in  the  meso- rectum  they  pass  to 
the  sacnil  glands. 

The  lymphatic  vessels  of  the  uterus  consist  of  two  sets,  miperficial  and  deep^ 
the  former  being  ]>laced  beneath  the  peritoneum,  tlie  latter  in  the  substance  of  the 
organ.  The  lymphatics  of  the  cervix  uteri,  together  with  those  from  the  vagina, 
enter  the  internal  iliac  and  sacral  glands;  those  from  the  body  and  fundus  of  the 
uterus  pass  outward  in  the  broad  ligaments,  and,  being  joined  by  the  lymphatics 
*  Cumow  states  that  lliev  are  confined  to  the  base  of  the  oremo. 

44 


690  ^^^^  THE  LYMPHATiaS 

from  the  ovaries,  broad  ligaments,  and  Fallopian  tubes,  usceiid  with  the  ovarian 
vessels  to  open  into  the  lumbar  glands.  In  the  unimpregnated  uterus  they  are 
small,, but  durintr  gestation  they  bi-come  very  greatly  enlarged. 

The  lymphatic  vessels  af  the  testicle  consist  of  two  sets,  ttuperficial smi  deep:  the 
former  eoniiuenee  ui\  the  surface  of  the  tunica  vaginalis,  the  latter  in  the  epididy- 
mis and  body  of  the  te^stis.  They  form  several  large  trunks  which  ascend  with 
the  spermatic  cord,  and,  accompanying  the  spermatic  vessels  into  the  abdomen, 
terminate  into  the  lumbar  glands ;  hence  the  enlargement  of  these  glands  in 
malignant  flisease  of  the  testis. 

The  lymphatic  vessels  of  the  kidney  arise  on  the  surface,  and  also  in  the  inte- 
rinr  of  the  organ  ;  they  join  at  the  bilum,  and,  after  receiving  the  lymphatic  vessels 
froTn  the  ureter  and  supraremil  capsules,  open  into  the  lumbar  glands. 

The  lymphatic  vessels  of  the  liver  are  divisible  into  two  sets,  ftuju'rffcial  and  Jeep, 
The  former  arise  in  the  subperitoneal  areolar  tissue  over  the  entire  surface  of  the 
organ.  Those  on  the  convex  surface  may  be  divided  into  four  groups :  1.  Those 
which  pass  from  behind  forward,  consisting  of  three  or  four  branches,  which  ascend 
in  the  longitudinal  ligament  and  unite  to  form  a  single  trunk,  which  passes  up 
between  the  fibres  of  the  Diaphragm,  behind  the  ensiform  cartilage,  to  enter  the 
anterior  mediastinal  glands,  and  finally  ascends  to  the  root  of  the  neck,  to  ter- 
minate in  the  right  lymphatic  duct.  2,  Another  group,  which  also  incline  from 
behind  forward,  are  refiected  over  the  anterior  margin  of  the  liver  to  its  under 
surface,  and  from  thence  pass  along  the  longitudinal  fissure  to  the  glands  in  the 

f;astro-hepatic  omentum.  3.  A  third  group  incline  outward  to  the  right  lateral 
igament,  and,  uniting  into  one  or  two  large  trunks,  pierce  the  Diaphragm,  and 
run  along  its  upper  surface  to  enter  the  anterior  mediastinal  glands,  or,  instead 
of  entering  the  thorax,  turn  inward  across  the  crus  of  the  Diapbragm  and  open 
into  the  commencement  of  the  thoracic  duct.  4.  The  fourth  group  incline  out- 
ward from  the  surface  of  the  left  lobe  of  the  liver  to  the  left  lateral  ligament, 
pierce  the  Diafdiragm,  and,  passing  forward,  terminate  in  the  glands  in  the  ante- 
rior mediastinum. 

The  }iuper final  b/mphatic8  on  the  under  surface  of  the  liver  are  divided  into 
three  sets  :  L  Those  on  the  right  side  of  the  gall-bladder  enter  the  lumbar  glands. 
2.  Those  surrounding  the  gall-bladder  form  a  remarkable  plexus;  they  acc-om- 
pany  the  hepatic  vessels,  and  open  into  the  glands  in  the  gastro-hejiatic  omentum. 
8.  Those  on  the  left  of  the  gall-bladder  pass  to  the  cesophageal  glands  and  to  the 
glands  which  arc^  situated  along  the  lesser  curvature  of  the  stomach. 

The  (kfip  hpnphafles  accompany  the  branches  of  the  portal  vein  and  thehe]>atic 

[artery  and  duct  through  the  substance  of  the  liver;  passing  out  at  the  transverse 

[fissure,  they  enter  the  lymphatic  glands  along  the  lesser  curvature  of  the  stomach 

and  behind  the  pancreas,  or  join  with  one  of  the  lacteal  vessels  previous  to  its 

termination   in  the  thoracic  duct. 

The  lymphatic  glands  of  the  stomach  are  of  small  size;  tbey  are  jdaced  along 
the  lesser  and  greater  curvatures,  snme  within  the  gastro-splenic  omentum,  whilst 
others  surround  the  canliar  mid  pyloric  orifices. 

The  lymphatic  vessels  of  the  stomach  consist  of  two  sets,  nHperfieial  and  deep, 
the  former  originating  in  the  subseriuis,  and  the  latter  in  the  submucous,  coat. 
They  follow  tbe  crMuse  of  the  blood-vessels,  and  may  conseijuently  be  arranged 
into  tliree  groups:  The  firj^f  tfroup  accompany  tlie  gastric  vessels  along  the  lesser 
curvature,  receiving  hranches  from  both  surfaces  of  the  organ,  and  pass  to  the 
glands  around  the  jjylortis.  The  seeiind  i/roiip  pass  from  the  great  end  of  the 
stomach,  accompanying  the  vasa  brevia,  and  enter  the  splenic  lymphatic  glands. 
The  third  *jroup  run  ahmg  the  greater  eurvatui*e  with  tbe  right  ga.^tro-epiploic 
vessels,  and  terminate  at  tbe  root  of  the  mesentery  in  one  of  the  principal  lacteal 
vessels. 

The  lymphatic  glands  of  the  spleen  occupy  the  hilum.  Its  b/mphatie  veueh 
consist  of  two  sets,  superlicial  and  deep  :  the  former  are  placed  beneath  its 
peritoneal  covering,  the  latter  in  the  substance  of  tbe  organ  ;  they  accompany  the 
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blood-vessels,  passing  through  a  series  of  suiiill  glands,  and,  after  receiving  the 
lymphatics  from  the  pancreas,  ultimately  pass  into  the  thoracic  duct. 


THE  LYMPHATIC  SYSTEM  OF  THE  INTESTINES. 

The  lymphatic  glands  of  the  small  intesttne  are  filace*!  between  the  layers  of 
the  mesentery*  uccupying;  the  meshes  formed  by  the  superior  mesenteric  vessels, 
au<I  hence  called  mvEcnterie  fflaiuiii.  They  vary  in  number  from  a  hundred  to  a 
hundred  and  fifty,  and  in  size  from  that  of  a  pea  to  that  of  a  small  almond. 
These  glands  are  most  numerous,  and  largest,  above,  near  the  duodenum,  und 
below,  o|ijiosite  the  termination  of  the  ileum  in  the  colon.  This  latter  group 
becomes  enhirged  and  infiltrated  with  deposit  in  eases  of  fever  accompanied  with 
uleeratiun  of  the  intestiriL'^*. 

The  lymphatic  glands  of  the  large  intestine  are  much  less  numerous  than  the 
mesenteric  glands ;  they  are  situated  along  the  vascular  arches  formed  by  the 
arteries  previous  to  their  distribution,  and  even  sometimes  upon  the  intestine 
itself.  They  are  fewest  in  number  along  the  transverse  colon^  where  they  form 
an  uninterrupted  chain  with  the  mesenteric  glands. 

The  lymphatic  vessels  of  the  small  intestiiie  are  called  lacteals,  from  the  milk- 
white  fluid  they  usually  contain :  they  consist  of  two  sets,  superficial  and  deep, 
the  former  lie  between  the  layers  of  the  muscular  coat  and  between  the  muscular 
and  peritoneal  coats,  taking  a  longitudinal  course  along  the  outer  side  of  the 
intestine;  the  latter  occupy  the  submucous  tissue,  and  course  transversely  round 
the  intestine,  aceompanied  by  tbe  branches  of  the  mesenteric  vessels;  they  pass 
between  the  layers  of  the  mesentery,  enter  the  mesenteric  glands,  and  finally 
unite  to  form  two  or  three  large  trunks  which  terminate  in  the  thoracic  duct. 

The  lymphatic  vessels  of  the  large  intestine  consist  of  two  sets :  those  of  the 
CJiecum,  ascending  and  transverse  colon,  whieh,  after  passing  through  their  proper 
glands,  enter  the  mesenteric  glands  ;  and  those  of  the  descending  colon,  sigmoid 
flexure,  and  rectum,  which  pass  to  the  lumbar  glands. 


THE  LYMPHATICS  OF  THE  THORAX, 

The  Lymphatic  Glands  of  the  Thoracic  Wall  are  the  intercostal,  internal  mam- 
mary, anterior  mediastinal,  and  posterior  mediastinal. 

The  Intercostal  glands  are  sjualL  irregular  in  number,  and  situated  on  each 
side  of  the  spiue,  near  the  co-sto-vertebral  articulations,  sume  being  placed  between 
the  two  planes  of  intercostal  muscles. 

The  internal  mammary  glands  are  placed  at  the  anterior  extremity  of  each 
intercostal  s|taee,  by  the  side  of  the  internal  mamtuary  vessels. 

The  anterior  mediastinal  glands  arc  |daeed  in  the  loose  areolar  tissue  of  the 
anterior  mediiistinnm,  some  lying  upon  the  Diaphragm  in  front  of  the  pericardium, 
and  others  round  the  great  vessels  at  the  base  of  the  heart. 

The  posterior  mediastinal  glands  are  situated  in  the  areolar  tissue  in  the  poste- 
rior mediastiuuui,  formiug  a  conlinuous  chain  by  the  side  of  tLe  aorta  and  ccsoph- 
ftgus ;  they  couiTuunit^ate  on  each  side  with  the  intercostal,  below  with  the  lumbar^ 
and  11  hove  with  the  deep  cervical  glands. 

The  Superficial  Lymphatic  Vessels  of  the  Front  of  the  Thorax  run  across  the 
great  Pectoral  muscle,  aud  thoisC  on  the  back  part  of  this  cavity  lie  upon  the 
Trapezius  and  Latissimus  dorsi ;  they  all  converge  to  the  axillary  glands.  The 
lymphatics  from  tlie  greater  part  of  the  ujammary  gland  pass  outward  to  the 
lower  border  of  the  Peetoralis  major  muscle,  where  they  enter  a  chain  of  small 
glands  sittiated  in  the  axillary  space  along  the  lower  border  of  its  anterior 
boundary.  Some  few  lymphatics  from  the  inner  side  of  the  mammary  gland  pass 
through  the  intercostal  spaces  to  reach  tbe  anterior  mediastinal  glanfls. 

The  Deep  Lymphatic  Vessels  of  the  Thoracic  Wall  are  the  intercostal,  internal 
mammary*  niul  diii[  dim  gum  tic. 

The  intercostal  lymphatic  vessels  tolli*w  the  course  of  the  intercostal  vessels, 
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receiving  lymphatics  from  the  intercostal  muscles  and  pleura  ;  they  pass  backward 
to  the  spine,  and  unite  vvitli  lynifihatics  from  the  back  part  of  the  thoi-ax  and  spinal 
canal.  After  traversing;  the  intercostal  glands,  they  pass  down  the  spine  and 
terminate  in  the  thoracic  duct. 

The  mtemal  mammary  lymphatic  vessels  follow  the  course  of  the  internal 
mammary  vessels ;  they  commence  in  the  muscles  of  the  abdomen  above  the 
umbilicus,  com mimiea ting  with  the  epigastric  lymphatics,  ascend  between  the 
fibres  of  tiie  l)iti|diragu]  at  its  attachment  to  the  ensifiuiii  appendix,  and  in  their 
course  behind  the  costal  cartihiges  are  joined  by  the  intercostal  lymphatics;  they 
terminsite  on  the  right  side  in  the  right  lymphatic  duct,  on  the  left  side  in  the 
thoracic   duct. 

The  lymphatic  vessels  of  the  Blaphragm  follow  the  course  of  their  corresp(»nd- 
ing  vessels,  and  terminate,  Siime  in  front  in  the  anteiior  mediastinal  and  internal 
mammary  glands,  some  behind,  in  the  intercostal  and  posterior  mediastinal  lymph- 
atics. 

The  Lymphatic  Glands  of  the  Viscera  are  the  bronchial  glands. 

The  bronchial  glands  are  situated  round  the  bifurcation  of  the  trachea  and 
roots  of  the  lungs.  They  are  ten  or  twelve  in  number,  the  largest  being  placed 
opposite  the  bifurcatifm  of  the  trachea,  the  smallest  round  the  bronchi  and  their 
primary  divisit>ns  for  some  little  distance  within  the  srdistancc  of  the  lungs.  In 
infancy  they  present  the  saiiK^  appearance  as  lymiihatic  glands  in  other  situations; 
in  the  adtdt  tliey  assiHue  a  brownish  tinge,  and  in  old  age  a  deep  black  color. 
Occasionally  they  become  suffieicntly  enlargetl  to  compress  and  nari^ow  the  canal 
of  the  bronchi,  and  they  are  often  the  seat  of  tubercle  or  cretaceous  deposits. 

The  lymphatic  vessels  of  the  lung  consist  of  two  sets,  superficial  and  deep  : 
tlie  former  are  |ilaccd  Ijcneatb  the  ]*leura,  forming  a  minute  plexus  which  covers 
the  outer  surface  of  the  lung;  the  latter  aceompany  the  blood-vessels  and  run  along 
the  bronchi ;  they  both  terminate  at  the  root  of  the  lungs  in  the  bi^oncbial  glands. 
The  eifeia^nt  vessels  from  these  glands,  two  or  three  in  nttmben  asccrnl  uptui  the 
trachea  to  the  root  of  the  neck,  traverse  the  tracheal  antl  oesophageal  glands,  and 
terminate  on  the  left  side  in  the  thoracic  duct  and  cm  the  right  side  in  the  right 
lynijihatic  duct. 

The  cardiac  lymphatic  vessels  consist  of  two  sets,  inuprrjirf'al  and  deep  :  the 
former  arise  in  I  he  subserous  ai^eobir  tissue  of  the  surtace,  «tul  the  bitter  in  the 
deeper  tissues  of  the  heart.  They  folb^w  the  course  of  the  eor<uiary  vessels:  those 
of  the  right  side  unite  into  a  trunk  at  the  r(»ot  of  the  aorta,  whirl),  ascenrling  across 
the  arch  of  that  vessel,  [passes  backward  to  the  trachea,  upon  which  ii  ascends, 
to  terniinute  at  the  root  of  the  neck  in  the  riglit  lymphatic  diu^t.  Those  of  the 
left  siclc  unite  into  a  single  vessel  at  the  base  of  the  heart,  which,  passing  along 
the  yndtiioiijiry  artery  and  traversing  some  gbmds  at  the  root  of  the  aorta,  ascends 
on  the  tnicbea  to  temiinaie  in  the  thoracic  duct. 

The  thymic  lymphatic  vessels  arise  frtuii  the  under  surface  of  the  thymus  gland, 
and  terminate  on  each  side  in  the  internal  jugular  veins. 

The  thyroid  lymphatic  vessels  arise  from  either  lateral  lobe  of  this  organ :  they 
converge  to  form  a  short  trunk,  which  terminates  on  the  right  side  in  the  right 
lynqibatic  duct,  on  the  left  side  in  the  thoracic  duct. 

The  lymphatic  vessels  of  the  cesophagus  form  a  plexus  round  that  tube,  traverse 
the  glands  in  the  posterior  mediastinum,  and,  after  communicating  with  the 
pulmonary  lymphatic  vessels  near  the  roots  of  the  lungs,  terminate  in  the  thoracic 
duct. 


THE    NERVOUS    SYSTEM. 


THE  Nervous  System  is  composed — 1.  Of  a  series  of  large  centres  of  nerve-matter, 
called,  collectively,  the  cerebrospinal  centre  or  axm.  2.  Of  smaller  centres, 
termed  (jantjUtf,  3.  Of  m'rve»^  connected  either  with  the  cerebro-spinal  axis  or 
the  gant^lia.  And  4.  Of  certain  modifications  of  the  peripheral  terminations  of  the 
nerves,  ft^rming  the  oro;suis  of  the  external  senses* 

The  Cerebro-spinal  Centre  consist.s  of  two  parts,  the  spinal  cord  and  the 
encephalon ;  the  latter  may  be  suhdi\ided  into  the  cerebrum,  the  cerebellum,  the 
poos  Varolii,  and  the  medulla  oblongata. 


THE  SPINAL  CORD  AND  ITS  MEMBRANES. 

Di»sectioE.^To  rlis^cfrt  the  cnr^l  and  its  membranes  it  will  be  Heressar>*  to  lav  n|>en  the 
wh<il**  leiiL'th  ul'  the  spinal  caniiL  Fitr  this  purpose  the  nu m^les  must  he  separated  from  the 
vertebml  j-rroovt^s.  so  iih  to  expose  the  spimius  proceRsei!*  and  laminae  of  the  vertebra^;  ttud  the 
latter  must  he  aawu  throufl-h  ofj  eat-h  side^  cluse  hy  the  roots  td'  tlie  transverse  priK-esscs,  from 
the  thin!  or  fourth  rervinil  vertebni  aljove  to  the  sairnui  below.  The  vertebml  art-he*  having 
been  displaced  by  means  of  a  chisel  and  the  separate  frat'inents  removed,  the  dara  mater  will  l>e 
exposed,  covered  by  Jt  plesus  of  vein;!  and  a  ntiantity  of  loose  areolar  tissue,  often  inlihnited  with 
serous  fluid.  The  arehes  of  the  upper  verteone  are  best  divided  by  means  of  a  strong  piur  of 
cutting  bune-forceps. 

MEMBRANES  OF  THE   CORB. 

The  membranes  which  envelop  the  spinal  cord  are  three  in  number.  The  most 
external  is  the  dura  mater ^  a  strong  fibrous  membrane  which  forms  a  loose  sheath 
around  the  cord.  The  most  internal  is  the  pki  ntttter,  a  cellido-vascidar  membrane 
which  closely  invests  the  entire  surface  of  the  cord.  Between  the  two  is  the 
arachmnd  tth'mhran*',  a  non- vascular  membrane  which  envehjps  the  cord  and  is 
connected  to  the  |>ia  mater  by  slender  filaments  of  connective  tissue. 

The  Dura  Mater  at  the  cord,  continuous  with  that  which  invents  the  brain,  is 
a  loose  sheath  which  surrounds  the  cord,  and  is  separated  from  the  bony  walls  of 
the  spinal  canal  by  a  (quantity  of  loose  areolar  tissue  and  a  plexus  of  veins.  It 
is  attached  tf>  the  circumfeietice  of  the  fruiimen  nuitinum  and  to  the  posterior 
common  li;^amenL  especially  at  the  lower  eml  of  the  s]>inal  canaL  by  fibrous 
slips,  and  extends  below  as  far  as  the  third  piece  td*  the  sacrum  ;  bui  beyond  this 
point  it  is  impervious,  bein*^  continued  in  the  form  of  a  slender  cord  to  tht*  back 
of  the  coccyx,  where  it  blends  with  the  periosteum.  This  sheath  is  much  larger 
than  is  necessary  for  its  contents,  and  its  size  is  greater  in  the  cervical  and  lumbar 
regions  than  in  the  dorsal.  Its  inner  surface  is  smooth.  On  each  side  may  be 
seen  the  doulile  opeiiings  which  transmit  tlic  two  roots  of  the  corresponding:  syunal 
nerve,  the  fibrous  layer  cd'  the  dura  mater  bring  continued  in  the  fr*rm  of  a  tidndar 
prolongation  on  them  as  they  pass  through  these  apertures.  On  ojiening  the 
lower  part  of  the  dura  mater — /.  e,  below  the  termination  of  the  cord  proper — 
the  roots  of  the  lumbar  and  sacral  nerves  are  seen.  These  roots,  taken  together, 
form  what  is  known  as  the  cmida  equimi.  In  the  midst  of  the  cauda  c<|uina  is  a 
delicate  process  of  gray  matter  within  a  tube  of  pia  mater.  This  is  the  lihtm 
terminale,  Tlvis  crones  oft'  from  the  conitJt  termtiKtlis  (Fig.  402)  or  cone-like  entl- 
ing  of  the  cord,  and  blends,  below,  with  the  slender  corddike  prolongation  of  the 
dura  mater  just  mentioned.     (See  page  695.) 

«e3 


694 


THE  NERVOUS  SYSTEM. 


Dura 
t  Mater, 


Jhtr  JfaU^ 


f-fftfct>4. 


>/l 


The  chief  peculiarities  of  the  dura  mater  *>f  the  cord,  as  compared  with  that 
investing  the  bniin,  are  the  following: 

The  dura  Timter  of  the  era*il  is  not  adiierent  to  the  bones  of  the  spinal  canal, 
which  have  an  independent  perinsteuni. 

It  dues  not  send  partitions  into  the  fissures  of  the  cord,  as  in  the  brain. 
Its  fibrous  lamina?  do  not  separate  to  form  venous  sinuses,  as  in  the  brain. 
Structure. — The  dnra  mater  consists  of  wliite  fibrous  and  elastic  tissue  arranged 
in  bands  or  himelke,  which,  for  the  most  part,  are  par- 
^^     ^  all  el  with  one  another.      Its  internal  surface  is  covered 

Jt  \  by  a  layer  of  endothelial  cells  which  gives  this  surface 

^^  w^^^         '^^  smooth  apfiearance.     It  is  sparingly  supplied  with 

J^r||  2j^    l^^k      vessels,  and  some  few  nerves  have  been  traced  into  it. 

The  Araclmoid  is  exposed  bv  slitting  up  the  dura 
mater  and  retleeting  that  membrane  to  either  side  (Fig. 
400).  It  is  a  thin,  <!elicate,  tubuhir  membrane  which 
invests  the  surface  of  the  cord,  and  is  connected  to  the 
pia  mater  by  slender  filaments  *^f  connective  tissue. 
Above,  it  is  continuous  with  the  cerebral  arachnoid  ; 
(m  each  side  it  is  ci>ntinue(l  on  the  various  nerves,  so 
as  to  form  a  sheath  for  them  as  they  pass  outward  to 
the  intervertebral  foramina.  The  outer  surface  of  the 
arachnoid  is  in  contact  with  the  inner  surface  of  the 
dura  mater,  and  the  two  are,  here  and  there,  connected 
togetlier  by  isolated  connective- tissue  trabeciibe,  especi- 
ally on  the  posterior  surface  of  the  cord.  For  the 
most  part,  ht»wever,  the  membranes  are  not  connected 
together*  and  the  interval  between  them  is  named  the 
suhduraJ  f^pace.  The  inner  surface  of  the  arachnoid  is 
separated  from  the  pia  mater  by  a  considerable  interval, 
which  is  called  the  mihararhnohhutn  spat't'.  The  space 
is  the  largest  at  the  lower  part  of  the  s[nnal  canal,  and 
encloses  the  mass,  of  nerves  which  f(»rm  the  can  da 
equina.  Superiorly  it  is  continuous  with  the  cranial  subarachnoid  space,  and 
commonieates  with  the  general  ventricular  cavity  of  the  brain  by  means  of  an 
opening  in  the  pia  mater  at  the  inferior  boundary  of  the  fourth  ventricle  {for- 
amen  of  3IaJendie),     It  contains  an  abundant  serous  secretion,  the  cerebrospinal 

ftunL  This  secretion  is  snfticient  in 
amount  to  expand  the  arachnoid  mem- 
brane, so  as  to  completely  fill  up  the 
whole  of  the  space  inchjded  in  the  dura 
mater.  The  subarachnoirlean  space  is 
occupied  by  trabecuhe  of  delicate  con* 
nective  tissue,  connecting  the  fda  mater 
on  the  one  hand  with  the  arachnoid  mem- 
brane on  the  other.  This  is  numed  mih- 
antehnoid  timue.  In  addition  to  this  it  is 
partially  snbdivided  by  a  longituilinal 
membranous  partition,  which  serves  to 
connect  the  arachnoid  with  the  pia  mater, 
opposite  the  posterior  median  fissure.  This 
partition  is  ineotnplete  and  cribriform  in 
structure,  consisting  of  bundles  of  white 
fibrous  tissue  interloeing  with  each  other. 
Tins  space  is  to  be  regarded  as,  in  reality,  a  great  lymph-space,  from  which  the 
lymph  carried  to  it  by  the  perivascular  lymph-sheatb  (see  page  87)  is  conveyed 
back  into  the  circulation. 


Fio,  400.~TliL'  Bplimlrurd  and 
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Stmcture. — The  arachnoid  is  a  delicate  membrane  made  up  af  closely  arranged 
interlacing  bandies  of  connective  tissue  in  several  layers. 

The  Ha  Mater  of  the  cord  is  exposed  on  the  removal  of  the  arachnoid  (Fig.  400). 
It  covers  the  entire  surface  of  the  cord,  to  which  it  is  very  intimately  adherent 
forming  its  neurilemma,  and  sending  a  process  downward  into  its  anterior  fissure." 
It  also  forms  a  sheath  for  each  of  the  filaments  of  the  spinal  nerves*  and  invests 
the  nerves  themselves.  A  longitudinal  fibrous  band  extends  along  the  middle 
line  on  its  anterior  surface,  called  by  Hallcr  the  Unca  itplenden9  ;  and  a  some- 
what similar  band,  the  Ugamcidum  ihutieahttum^  is  situated  on  each  side.  At 
the  point  where  the  cord  terminates  the  pia  mater  becomes  contracted,  and  is  con- 
tinued down  as  a  long,  slender  filament  {filum  terininale),  which  descends  through 
the  centre  of  the  mass  of  nerves  forming  the  cauda  equina,  and  is  blended  with 
the  impervious  sheath  of  dura  mater  on  a  level  with  the  third  sacral  vertebra.  It 
assists  in  maintaining  the  cord  in  its  position  during  the  movements  of  the  trunk, 
and  is  from  iliis  circumstance  called  the  central  Unament  of  the  spinal  cord.  It 
contains  a  little  gray  nervous  substance,  which  may  be  traced  for  some  dis- 
tance into  its  upper  part,  and  is  accompanied  by  a  small  artery  and  vein. 
At  the  upper  part  of  the  cord  the  pia  mater  presents  a  grayish,  mottled  tint, 
which  is  owing  to  yellow*  or  brown  j>igment-cells  scattered  among  the  elastic 
fibres. 

StmctTire. — The  pia  mater  of  the  cord  is  less  vascular  in  stnictnre,  but  thicker 
and  denser,  than  the  pia  mater  of  the  brain,  with  which  it  is  continuous.  It 
consists  of  two  layers:  an  outer  composed  of  bundles  of  connective-tissue  fibres* 
arranged  for  the  most  part  longitudinally;  and  an  inner,  consisting  of  stiff 
bundles  of  the  same  tissue,  which  present  peculiar  angular  bends,  and  is  covered 
on  both  surfaces  by  a  layer  of  endothelium.  Between  the  two  layers  are  a 
number  of  eleftlike  lymj>hatic  spaces  which  communicate  with  the  subarachnoid 
cavity,  and  a  number  of  bIood*vessela  which  are  enclosed  in  a  periva-^cubir 
sheath,  derived  from  the  inner  layer  of  the  pia  mater,  into  which  the  lymphatic 
spaces  open.  It  is  also  supplied  with  nerves,  whicli  are  derived  from  the  sympa- 
thetic. 

The  Ligamentum  Benticulatnm  (Fig.  400)  is  a  narrow  fibrous  band^  situated 
on  each  siile  nf  tht;  spinal  coni,  throughout  its  entire  length,  and  separating  the 
anterior  from  the  posterior  mots  of  the  spinal  nerves.  It  has  received  its  name 
from  the  serrated  appearance  which  it  presents.  Its  inner  border  is  continuous 
with  the  pia  mater  at  the  side  of  the  cord.  Its  outer  border  presents  a  series  of 
triangular,  denlated  serrations,  the  points  of  which  are  fixed  at  intervals  to  the 
dura  mater.  These  serrations  are  twenty-one  in  number  on  each  side,  the  first 
being  attached  to  the  dura  mater,  opposite  the  margin  of  the  foramen  magnum 
between  the  vertebral  artery  and  the  hypoglossal  nerve,  and  the  last  nt^ar  the 
lower  end  of  the  cord.  Its  use  is  to  support  the  cord  in  the  fluid  by  which  it  is 
surrounded. 

THI^   SPINAL   COBB  (Fig.  402). 

The  Spinal  Cord  {mttiuUa  ^nnalin)  is  the  cylindrical,  elongated  part  of  the 
cerebro^sjiinal  axis  which  is  contained  in  the  vertebral  canal.  Its  length  is 
usually  about  seventeen  or  eighteen  inches,  and  its  weight,  when  divested  of  its 
membranes  and  nerves,  about  one  ounce  and  a  half,  its  proportion  to  the  encepha- 
hiri  being  about  1  to  33.  It  does  not  nearly  fill  the  canal  in  which  it  is  con- 
tained, its  investing  membranes  being  separated  from  the  surrounding  walls  by 
areolar  tissue  and  a  plexus  of  veins.  It  occupies,  in  the  adult,  the  upper  two* 
thirds  of  the  vertebral  canal,  extending  from  the  upper  border  of  tbe  atlas  to  the 
lower  border  of  the  body  of  the  first  lumbar  vertebra,  where  it  terminates  in  a 
slender  filament  of  gray  substance,  which  is  continued  for  some  distance  into  the 
fihmi  terminah.  In  the  fetus,  before  (be  third  month,  it  extends  to  the  bottom  of 
the  sacral  canal,  but  after  this  period  it  gradually  recedes  from  below,  as  the 
growth  of  the  bones  composing  the  canal  is  more   rapid  in  proportion  than  that 


spinal  column,  being  raised  somevi'hat 
in  flexion  of  the  supine.  On  exam- 
ining its  surface  it  presents  a  differ- 
ence in  \tf*>  diameter  in  different  parts, 
being  raarked  by  two  enlargements, 
an  upper  or  cervical,  and  a  lower  or 
lumbar.  The  cervical  enlargement, 
which  is  the  larger,  extends  from 
about  the  third  cervical  to  the  first 
or  second  dorsal  vertebra;  its  great- 
est diameter  ia  in  the  transverse  di- 
rection, and  it  corresponds  with  the 
origin  of  the  nerves  which  supply  the 
npper  extremities.  Tlie  hiwer,  or  lum- 
bar, enlargement  (f'titutiif'svettfttf)  m 
situated  opposite  the  last  two  or  tljree 
dorsal  vertebrae,  its  greatest  diameter 
being  from  before  backward.  It  cor- 
responds with  the  origin  of  the  nerves 
which  supply  the  lower  extremities. 
In  form  the  spinal  cord  is  a  flattened 
cylinder  (Fig.  4<)2). 

Fissures, — ^It  presents  on  its  ante- 
rior surface,  along  the  middle  line,  a. 
longitudinal  fissure,  the  itttterior  vte- 
dian  fisMtire^  and  on  its  posterior  sur- 
face another  fissure,  which  also  ex- 
teniJs  along  the  entire  length  of  the 
cord,  the  posterior  rnnlhu  fii^murr. 
These  fissures  penetrate  through  the 
greater  part  of  the  thickness  of  the 
cord,  and  incompletely  divide  the 
cord  into  two  symmetrical  halves, 
united  in  the  midtlle  line  by  a  trans* 
verse  band  of  nervous  substance,  the 
commhsure. 

The  Anterior  Median  Fissure  is 
wider,  but  of  less  depth,  than  the  posterior,  extending  into  the  cord  for  about 
one-third  of  its  thickness,  and  is  deepest  at  the  lower  part  of  the  cord.     It  con- 
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tains  a  prolongation  from  the  pia  mater,  and  its  floor  is  formed  by  the  anterior 
white  commimure^  which  is  perforated  by  ntiwerous  blood-vessels  passiog  to  the 

centre  of  the  cord. 

The  Posterior  Median  Fissure  is  not  an  actual  fissure,  as  the  space  between 
the  lateral  halves  of  the  posterior  part  of  the  cord  is  crossed  by  connective  tissue 
and  numerous  blood-vessels,  so  that  no  actual  hiatus  exists,  and  there  is  conse- 
quently no  prolongation  of  t\w.  pia  mater  into  it.  It  extends  into  the  cord  to 
about  one  hnlf  its  dc|*th,  and  its  Hoor  is  formed  by  Xht*  posterior  gray  commissure. 

Lateral  Fisauxes.^ — On  each  side  of  the  anterior  median  fissure  a  linear  series 
of  foramina  may  be  ob><erved,  indicating  the  points  where  the  anterior  roots  of 
the  spinal  nerves  emerge  from  the  cord.  This  is  called,  by  some  anatomists,  the 
antero'latera}  fissure  o^  t\kQ  qotA,  although  no  actual  fissure  exists  in  this  situation. 
And  on  each  side  of  the  posterior  median  fissure,  ah>ng  the  line  of  attachment  of 
the  posterior  roots  of  the  nerves,  a  ilelicate  fissure  may  be  seen,  leading  down  to 
the  gray  matter  which  approaches  the  surface  in  this  situation  ;  this  is  called  the 
postero-laferal  Jissure  of  the  spinal  cord.  On  the  posterior  surface  of  the  spinal 
cord,  between  the  posterior  median  and  the  postero-lateral  fissure  on  each  side,  is 
a  slight  longitudinal  furrow  (posterior  i/itermediate  furrow)  marking  off  two  tracts, 
the  posterior  medifui  f<f!itmns.  These  are  most  distinct  in  the  cervical  region,  but 
are  stated  by  Foville  to  exist  throughout  the  whole  length  of  the  cord. 

Columns  of  the  Cord. — Ea*  h  half  ^*t  the  spinal  cord  is  thus  divided  into  three 
main  columns:  an  antero-lateral  column,  a  postero-lateral  column,  and  a  postero- 
median column. 

The  fintero'Iateral  column,  which  forms  rather  more  than  two-thirds  of  the 
entire  circumference  of  the  cord,  includes  all  the  portion  of  the  cord  between  the 
anterior  median  fissure  and  the  postero-lateral  fissure. 

By  some  anatomists  the  antero-lateral  column  is  subdivided  into  an  onteriur 
column^  which  includes  all  the  portion  of  the  cord  between  the  anterior  median 
fissure  and  the  line  from  which  the  anterior  roots  of  the  nerves  arise ;  and  a  /</N 
eraj  eolumn^  which  includes  all  the  portion  between  the  line  of  origin  of  the  ante- 
rior roots  of  the  spinal  nerves  and  the  postero-lateral  fissure. 

The  postero-intiT(d  cftiumn  is  situated  between  the  postero-lateral  fissure  and 
the  posterior  intermediate  furrow. 

The  posterior  median  cohtmn  is  that  narrow  segment  of  the  cord  which  ie  seen 
on  each  side  of  the  posterior  median  fissure,  usually  included  with  the  preceding 
as  the  posterior  column. 

Structure  of  tlie  Cord, — If  a  transverse  section  of  the  spinal  cord  be  made,  it 
will  he  seen  to  consist  of  white  and  gray  nervons  substance.  The  white  matter  is 
situated  externally,  and  constitutes  the  greater  p;irt.  The  gray  substance  occupies 
the  centre,  and  is  so  arranged  as  to  present  on  the  surface  of  the  section  two  eres- 
centic  masses,  placed  one  in  each  lateral  half  of  the  cord,  united  together  bv  a 
transverse  hand  of  gray  matter,  the  (/ray  commissure.  Each  crescentic  mass  has 
an  anterior  and  posterior  horn.  The  posterior  horn  is  long  and  narrow,  and 
approaches  the  surface  of  the  postero-lateral  fissure,  near  which  it  |fresents  a  slight 
enlargement,  the  ciiput  cornu  :  from  this  it  tajjers  to  fonn  the  apex  com u.,  which  at 
the  surface  of  the  cord  becomes  continuous  with  the  fibres  of  the  posterior  roots  of 
the  spinal  nerves.  The  anterior  horn  is  short  and  thick,  and  does  not  quite  reach 
the  surface,  but  extends  toward  the  point  uT  attachment  of  the  anterior  roots  of  the 
nerves.  Its  margin  jiresents  a  dentate  or  stellate  appearance.  Owing  to  the  pro- 
jections toward  the  surface  of  the  anterior  an<l  posterior  horns  of  the  gray  matter, 
each  half  of  the  cord  is  divided,  more  or  less  com[iletely,  into  three  columns, 
anterior,  middle,  and  posterior,  the  anterior  and  middle  l>eing  joined  to  form  the 
antero-lateral  column,  as  the  anterior  horn  does  not  (|uite  reach  the  surface. 

The  commissure  of  the  spinal  cord  is  composed  of  white  and  gray  fibres,  hence 
called  the  white  and  gray  commissures.  The  white  commissure  is  formed  of  fibres 
which,  for  the  most  part,  pass  hori'/*ontally  between  the  gray  matter  of  the  ante* 
rior  horn  of  one  side  and  the  anterior  white  column  of  the  opposite  side. 
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The  gray  commtifmre,  which  coEnecta  the  two  creseentie  masses  of  gray  mat- 
ter, is  separated  from  the  bottom  of  the  antt*rior  median  fissure  by  the  anterior 

white  commissure.     It  consists  of  transverse  fibres, 
a  y'''T^\  with  a  considerable  quantity  of  neuroglia  between 

[/^]  the  in.      The  fibres  when   they  reach   tbe   laternrl 

crescents    diverge:    some    pass    backward    to    tbe 
posterior    roots ;    others    spread    out,    at    various 
angles,  intu  the  cervix  cornu, 
JviSrnJSs.  Running  through  the  gray  commissure  of  the 
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Fig.  461.— DlftgTAm  of  cross-sectfonH  of  the  cord  at  various  levels,  a,  begtnnltig  of  the  c^irvical  [KDirtJon.  fe, 
cervical  enlargement,  e,  thoracic  or  dorsal  region,  rf,  lumbar  enlar^ment.  e^  end  of  the  sume.  /,  end  of  the 
cord.    (Ge^cnbaur.) 

Via,  40i>.— Crosi-aectlon  of  the  cervlciil  jwjrtion  of  the  Bphml  vanX  of  a  six  weeks'  embryo.    (KOlUker.) 

whole  length  of  tlie  cord  is  a  minnte  canal,  which  is  barely  visible  to  the  naked 
eye  in  the  luiuiiiii  cord,  but  is  proportiooaUy  larger  in  some  of  the  lower  verte- 
bra ta.  It  18  called  the  eentnil  ran  til  ^  and  opens  above  into  the  fourth  ventricle, 
and  terminates  below  in  a  somewhat  dilated  extremity.  It  is  lined  in  the  fcetns 
by  columnar  ciliated  epithelium,  hut  in  the  adult  very  often  the  cilia  bave  disap- 
peared, mid  tbe  canal  is  filled  witli  their  remains*  The  cells  are  supported  on  a 
layer  of  neuroglia,  which  is  sometimes  called  the  substantia  gelatinosa  centralis. 

The  mode  of  arrangement  of  the  gray  matter,  and  its  amount  in  proportion  to 
the  white,  vary  in  different  parts  of  the  cord.  Thua^  the  posterior  borns  are  long 
and  narrow  in  the  cervical  region ;  short  and  narrower  in  the  dorsal ;  short,  but 
wider,  in  the  lumbar  region.  In  the  cervical  region  the  creseentie  portions  are 
smalK  and  the  white  matter  more  abundant  tban  in  any  other  region  of  the  cord. 
In  the  dt^rsal  region  tbe  gray  matter  is  least  developed,  the  while  matter  being 
also  small  iu  <[uantity.  In  the  lumbar  region  the  gray  matter  is  more  abundant 
than  in  any  other  region  of  the  cord.  Toward  the  lower  end  of  tbe  cord  the  white 
matter  gradually  ceases.  The  creseentie  portions  of  the  gray  matter  soon  Idend  into 
a  single  mass,  which  f  mns  the  only  constittient  of  tbe  extreme  point  of  the  cord. 

Mmute  Anatomy  of  the  Cord. — The  cord  ct^nsists  of  an  outer  part,  composed 
of  medulhited  nerve-fibres,  which  is  tbe  whid'  aubstrnwe  :  and  of  a  central  part,  the 
^raf/  mtdfer,  both  supported  in  a  peculiar  kind  of  tissue,  called  neuroglia. 

The  neuroglia  consists  of  a  honmgeneous  transparent  matrix,  of  a  network  of 
very  delicate  fibrilb^,  and  of  small  stellate  or  bran  died  cells,  the  neurngUa't^eUs* 

In  addition  to  forming  a  ground  substance,  in  which  the  nerve-fibres,  nerve- 
cells,  and  blood-vessels  are  imbedded,  a  consideralde  aeconiulanon  of  neuroglia 
takes  place  in  three  situations^!)  on  the  surface  of  the  cord,  beneath  tbe  pia 
mater;  (2)  around  the  central  canal;  and  (3)  in  the  posterior  part  of  the  posterior 
horn,  forming  the  substantia  cinerea  gelatinosa. 
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The  white  substance  of  the  cord  consists  of  medullated  nerve-fibres,  with 
blood-vessels  and  neuroglia.  On  transverse  section  of  the  white  substance  of  the 
cord  a  very  striking  object  is  presented.  It  is  seen  to  be  studded  all  over  with 
minute  dots,  surrounded  by  a  white  area,  and  this  again  by  a  dark  circle  (Fig.  410). 
This  is  due  to  the  longitudinal  medullated  fibres  seen  on  section.  The  dot  is  the 
axis-cylinder,  the  white  area  the  substance  of  Schwann,  and  the  dark  circle  the 
tubular  membrane  of  the  fibres,  which  seems  to  consist  of  several  laminae. 
Externally,  the  neuroglia  is  seen  to  form  a  delicate  connective  sheath  round  the 
outer  surface  of  the  cord  immediately  beneath  the  pia  mater,  from  which  numerous 
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Fig.  406.— TraMveree  section  through  the  cervical  portion  of  the  spinal  cord  of  the  calf.    Magnified  40 
diameters.    (Klein  and  Noble  Smith.) 

septa  pass  in  to  separate  the  respective  bundles  of  fibres  and  extend  between  the 
individual  nerve-fibres,  acting  as  a  supporting  medium  in  which  they  are  im- 
bedded. Thus  it  will  be  seen  that  the  greater  bulk  of  the  white  matter  of  the 
cord  is  made  up  of  longitudinal  medullated  fibres,  which  are  arranged  in  groups 
forming  the  antero-lateral  and  posterior  columns. 

There  are,  however,  also  oblique  and  transverse  fibres  in  the  white  substance. 
These  are  principally  found  (1)  at  the  bottom  of  the  anterior  median  fissure, 
forming  the  white  commissure,  the  fibres  passing  from  the  gray  matter  of  the 
anterior  horn  on  one  side  to  the  white  matter  of  the  anterior  column  of  the  oppo- 
site side ;  (2)  horizontal  or  oblique  fibres  passing  from  the  roots  of  the  nerves  into 
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the  gmy  matter;  and  (3)  fibres  leaving  the  gray  matter,  and  pursuing  a  longer  or 
shorter  horizontal  course  between  the  bundles  of  longitudinal  fibres,  with  which 
many  of  them  are  continuous. 

The  investigation  of  pathological  lesions  has  shown  that  of  the  main  columns 
of  the  cord  each  consists  of  certain  sub-col imms  or  tracts  of  fibres,  for  it  has  been 
found  tbut  separate  lesions  are  strictly  limited  to  certain  well-deter  mined  parts  of 
the  organ  without  involving  neighboring  regions.  That  these  parts  or  fasciculi 
correspond  to  so  mau,y  distinct  anatomical  systems,  each  endowed  with  special 
functions,  seems  abundiuitly  proved  by  the  researches  of  Flechsig  and  others  on 
the  development  of  the  cord  during  the  later  periods  of  utero-gestation  and  in  the 
newly-born  infant.  Thus,  on  either  side  of  the  anterior  median  fissure  a  portion 
of  the  antero-lateml  columji  is  divided  off  as  the  direct  pyramidal  tract  (fasciculus 
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of  Tiirck),  which  can  be  traced  to  be  continuous  with  the  non-deeussatrnff  fibres 
of  the  pi/ramid  of  the  medulla.  The  remainder  of  the  antero-lateral  column  of 
the  cord  is  formed  of  six  tracts  or  columns,  which,  as  to  actual  size,  may  be 
divided  into  three  large  and  three  small  tracts.  The  three  former  ai*e :  (1)  The 
crossed  pi/rfimitln!  (raet,  whose  fibres  when  traced  upward  form  the  decussating 
portion  'f  the  |>yramid  of  the  medulla  oblongata;  (2)  the  direct  eerebellar  tracU 
which  passes  above  into  the  restiform  body  of  the  medulla;  (3)  the  antero'lateral 
ground  bundle^  the  fibres  of  which  are  continued  into  the  furmatio  reticularis  of 
the  medulla.  The  three  latter  are :  (1)  The  atttero-hiteral  deneending  cerebellar 
tract  (Loewenlhal);  (^)  the  antero-lateral  anccnding  eerebellar  tract  (Gowers);  (3) 
the  tj'act  if  Limauer.  For  the  prolongations  of  the  first  two,  see  Structure  of 
the  Medulla.  The  last  is  not  apparently  found  in  the  medulla.  All  these  small 
tracts  occupy  the  surface  of  the  cord  (see  Fig.  407). 

The  posterior  column  of  the  cord  is  divided  into  two:  the  portion  which  lieftJ 
next  the  posterior  median  fissure  is  called  the  column  of  Goll  {postero-median)^ 
and  if  traced  upward  is  found  to  be  continuous  with  the  funiculus  gracilis  of  the 
medulla.  The  remainder  of  the  posterior  column  is  called  the  postero-lateral  or 
Burdaeh's  column,  and  is  prolonged  into  the  medulla  under  the  name  of  funiculus 
cuneatus. 

Gollaterai  Fibrefl. — The  posterior  nerve-roots^  on  entering  the  cord,  separate 
into  the  component  fibres^  each  of  which  bifurcates  into  an  ascending  and  descend- 
ing branch,  which  run  upward  and  downward  in  the  posterior  column  and  in  the 
posterior  cornu.  Ftirthermore,  each  of  these  fibres  before  bifurcating  and  each 
of  its  bifurcations  gives  off  at  intervals  collateral  branches^  which  penetrate  the 
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gray  matter  and  there  break  up  into  an  arborization  of  nerve^fibriJs  which  appears 
to  iiave  some,  though  not  direct,  connection  with  a  sirailtir  arborisEation  of  the 
branched  processes  from  the  nerve-cells  (see  Fig.  411), 

The  gray  substance  of  the  cord  occupies  its  central  part  in  the  shape  of  two 
crescentic  horns,  joined  together  bj  a  commissure.  Each  of  these  crescents  has 
an  anterior  and  posterior  cornu. 

The  pogferhr  horn  consists  of  two  parts— the  caput  eomu,  or  expanded 
extremity  of  the  horn  (Fig,  409),  round  which  is  a  lighter  space  or  lamina  of 
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gelatinous  substance  ;  and  the  cerrir  cornu,  or  narrower  portion,  which  connects 
it  with  the  rest  of  the  gray  subatance. 

The  gelatinous  substance  is  a  peculiar  accumulation  of  neuroglia  (Klein),  and 
has  been  named  by  Rolando  the  ndmtantia  einerea  ffelattjiom. 

The  anterifjr  horn  (yf  (he  graif  subsfttnet'  in  the  cerv  ical  and  lumbar  swellings, 
where  it  gives  origin  to  the  nerves  of  the  extremities,  is  much  larger  than  in  any 
other  region,  and  contains  several  distinct  groups  of  large  and  variously  shaped 
cells. 

In  addition  to  this,  in  certain  parts  of  the  cord  other  horns  or  projections  of 
the  gray  matter  may  be  seen  un  transverse  section.  One  (»f  these*  the  hifcral 
born,  is  found  projecting  outward  trom  the  lateral  region  of  the  gray  matter  on  a 
level  with  the  gray  commissure  in  the  cervical  and  upper  part  of  the  dorsal  region 
of  the  cord;  and  a  second,  Chrke'^  vfttienlar  column^  is  found  on  the  inner 
side  of  the  posterior  horn  near  the  gray  commissure,  in  the  upper  cervical  or 
dorsal  regions  or  at  the  point  of  exit  of  the  lower  lumbar  nerves. 

Tlie  gray  commissure  is  situated  behind  the  white  commissure,  which  sep- 
arates it  from   the  bottom   of  the  anterior  median  fissure. 

The  gray  substance  of  the  cord  consists  of — (1)  nerve-fibi*es  of  variable  but 
smaller  average  diameter  than  those  of  the  columns;  (2)  nerve-cells  of  various 
shapes  and  sizes,  with  from  two  to  eight  processes;  (3)  blood-vessels  and 
Bcuroglia. 

The  nerve-fibres  of  the  gray  matter  of  the  posterior  horn  are  for  the  most  part 
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composed  of  a  tniDute  and  dense  network  of  minute  fibrils,  Mhich  is  termed 
*' Gerlach's  nerve-network,"  intermingled  with  nerves  of  a  larger  size,  TLis 
network  is  continuous  with  the  meduliated  fibres  of  the  posterior  nerve-roots  on 
the  one  hand  (Deiters),  aud  with  the  hninched  processes  of  the  ganglion-cells  on 
the  other  (Gerlaeh),  so  that  the  gangHon-tells  are  connected  with  the  medulla  ted 
fibres  of  the  posterior  nerve-roots  only  indirectly  through  the  nerve-network* 
The  arrangement  of  the  fibres  in  the  anterwr  horn  of  the  gray  matter  appears 
to  he  somewhat  diflTerent:  here  the  medullated 
fibres  of  the  anterior  nerve-roots  are  for  the 
most  part  directly  continuous  with  tbe  axh-ci^l- 
hifier  processes  of  the  ganglion-cells  (Fig,  411). 

The  nervC'Celh  of  the  gray  matter  are  of  two 
kinds,  large  branched  ner%^e-vesicles  which  are 
collected  into  groups,  and  small  round  cells 
which  resemble  free  nuclei  and  are  found  scat- 
tered throughout  the  whole  of  the  gray  matter. 

In  the  anterior  born  is  a  constant  group, 
Situated  at  the  anterior  pax't  of  the  cornu,  and 
sometimes  termed  the  vesicuiitr  column  of  the 
anterior  (jormi.     It  consists  of  two  groups  of 
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cells :  one  mesial,  near  the  anterior  column ;  the  other  lateral,  near  the  lateral 
column.  At  the  base  of  the  posterior  horn  on  its  inner  side,  and  joiniug  the 
gray  commissure,  is  a  groiijf  of  nerve-cells,  which  give  rise  to  the  projection  men- 
tioned above  as  being  seen  on  transverse  section  in  the  upper  jmrt  of  the  cord, 
which  is  caHed  Clarke's  posterior  vesicular  column. 

At  the  junction  of  the  anterior  and  posterior  cornu,  in  the  outer  porlion  of 
the  p^rvLV  matter,  is  a  third  group  of  cells,  the  fraetus  mtermedtO'!(iti*rtiIts.  In  cer- 
tain regions  of  the  cord  these  cells  extend  in  amongst  the  fibres  of  the  white 
matter  of  the  lateral  column,  and  give  rise  to  the  hileral  horn.  In  addition  to 
these  groups  a  few  large  scattered  cells  are  fuund  in  the  posterior  horn,  extending 
into  the  substantia  cinerea  gelatinosa* 
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Dissection. — Tu  exuMiine  the  brain  witli  its  nirtabraiioii  xhti  s^kull-cup  must  be  removed.  Tn 
ordtT  t*i  effert.  tbis.  saw  tlimuLdi  ibe  extenwl  table,  the  seclioa  ci'oimneiK'ing,  in  inait.  nbuut  im 
Uwh  aljiivt?  the  martrin  ul'  rbe  (»rbit.  and  ext+'udin^.  behind,  to  a  levt^l  with  the  oct'i|iital  jirotii- 
bemiirij.  Then  brtak  the  iiitiTiKd  lable  with  the  chisel  ami  haamier.  to  av<>id  injurinj^  the  inyei^t- 
iiiL'  membranes  or  braia  :  loustm  and  furtubly  del^udi  the  stkall-eap,  when  the  dani  ajater  will  be 
cxpos43d.  The  tulhesitia  Ix^twifen  the  bune  aad  the  dura  luater  is  very  intimate,  and  mutdi  mere 
BO  ia  the  young  subject  than  in  the.  aduh. 
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MEMBRANES  OF  THE  BRAIN. 

The  raembranes  of  the  brain  are  the  dura  Eiater.  arachnoid  membrane,  and 
pia  mater* 

The  Dura  Mater. 

The  Dnra  Mater  (Fig.  410)  is  a  thick  and  dense  inclnstic  fibrous  membrane  which 
lines  the  interior  of  the  skull.  Its  outer  surface  is  rough  and  fibril  iated,  and  adheres 
closely  to  the  inner  surface  of  the  bones,  forming  their  internal  periosteum,  this 
adhesion  being  most  marked  opposite  the  sutures  and  at  the  base  4»f  the  i^kulh  Its 
inner  surface  is  smooth  and  lined  by  a  layer  of  endothelial  cells.  It  sends  three 
processes  inward,  into  the  cavity  nf  the  skulK  for  the  aupy*ort  and  protection  uf 
the  different  parts  of  the  brain,  and  is  prolonged  to  the  outer  surface  uf  the  skull 
through  the  various  foramina  which  exist  at  the  base,  and  thus  becomes  continuous 
with  the  pericranium;  its  fibrous  layer  forms  sheaths  for  the  nerves  which  jiass 
through  these  apertures.  At  the  base  of  the  skull  it  sends  a  fibrous  prolongatinn 
into  the  foramen  ciecum ;  it  sends  a  series  of  tubular  jirolongations  round  the 
filamenLs  of  the  olfactory  nerves  as  they  pass  through  the  cribriform  plate,  and 
also  round  the  nasol  nerve  as  it  passes  through  the  nasal  slit;  a  prrdongation  is 
also  continued  through  the  sphenoidal  fissure  into  the  orbit,  and  another  is  con- 
tinued into  the  same  cavity  through  the  optic  foramen,  forming  a  sheath  for  the 
optic  nerve,  which  is  continued  as  far  as  the  eyebalL  In  the  posterior  fossa  it 
Bends  a  process  down  the  internal  auditory  meatus,  ensheathittg  the  facial  and 
auditory  nerves ;  another  through  the  jugular  foramen,  forming  a  sheath  for  the 
Btruetures  which  pass  through  this  opening;  and  a  third  through  the  anterior 
condyloid  foramen.  Around  the  margin  of  the  foramen  magnum  it  is  closely 
adherent  to  the  bone,  and  is  continuous  with  the  dura  mater  lining  the  spinal 
canaL  In  certain  situations,  as  already  mentioned  (page  050),  the  fibrous  layers 
of  this  membrane  separate,  to  form  sinuses  for  the  piissage  of  venous  blond. 
Upon  the  outer  surface  of  the  dura  mater,  in  the  situation  of  the  longitudinal 
sinus,   njay  be  seen  numerous  small    whitish  bodies,   the  </Iaftduhr  PacchiouL 

Structure.— The  dura  mater  consists  of  white  fibrous  and  elastic  tissues 
arranged  in  flattened  laminic,  which  are  divisible  into  two  layers,  the  fibres  of  the 
two  layers  intersecting  each  other  obliquely.  A  layer  of  nucleated  endothelial 
cells,  similar  to  those  found  on  serous  membranes,  lines  its  inner  surface ;  these 
were  formerly  regarded  as  belonging  to  the  anichntMd  membrane. 

Its  arteries  are  very  numerous,  but  are  chiefly  distributed  to  the  bones.  Those 
found  in  the  anterior  fossa  are  the  anterior  meningeal  branches  of  the  anterior  and 

fosterior  ethmoidal  and  internal  carotid,  and  a  branch  from  the  middle  meningeal. 
n  the  middle  fossa  are  the  middle  and  small  meningeal  branches  of  the  internal 
maxillary,  a  branch  from  the  ascending  pharyngeal  which  enters  the  skull  through 
the  fViramen  lace  rum  medium  basis  cranii,  branches  from  the  internal  carotid,  and 
a  recurrent  branch  from  the  lachrymal.  In  the  posterior  fossa  are  meningeal 
branches  from  the  occipital,  one  of  which  enters  the  skull  through  the  jugular 
foramen,  and  the  other  through  the  mastoid  foramen;  the  posterior  meningeal, 
from  tlie  vertebral ;  occasionally  meningeal  branches  from  the  ascending  pharyngeal, 
which  enter  the  skull,  one  at  the  jugular  foramen,  the  other  at  the  anterior 
condyloid  foramen,   and  a  branch  from   the  middle  meningeal. 

The  pftits,  which  return  th*^  blood  from  the  dura  mater,  and  ]>artly  from  the 
bones,  anastomose  with  the  diploic  veins.  These  vessels  terminate  in  the  various 
sinuses,  with  the  exce[ition  of  two  which  accompany  the  middle  meningeal  artery^ 
and  pass  out  of  the  skull  at  the  foramen  spinosum  to  join  the  internal  maxillary 
vein. 

The  nenws  of  the  dura  mater  are,  the  recurrent  branch  of  the  fourth  and 
filaments  from  the  Gasserian  ganglion,  from  the  ophthalmic  and  hypoglossal  nerves, 
and  from  the  sympathetic. 

The  3o*cal!ed  glandulee  Pacchioni  are  numerous  small  whitish  granulations, 
usually  collected   into   clusters  of  variable  size,  which  are  found  in  the  following 
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situations:  L  LTpon  the  outer  surface  of  the  dura  mater,  in  the  vicinity  of  the 
superior  loogitudinal  sinus,  being  received  into  little  depressions  on  the  inner 
surfiice  of  the  calvarium,  2.  On  the  inner  surface  of  the  dura  mater.  3.  In  th^ 
superior  longitudinal  sinus.  4*  On  the  pia  mater;  near  the  margin  of  the 
hemisjyheres. 

These  bodies  are  not  glandular  in  structure,  hut  simply  enlarged  normal  villi 
of  the  arachnoid.  In  their  growth  they  perforate  the  dura  mater,  and  are  thus 
found  on  its  outer  surface,  and  when  uf  large  size  they  cause  absorption  of  the 
bone,  and  come  to  be  lodged  in  pits  or  depressions  on  the  inner  table  of  the  sktill. 
The  manner  in  which  they  perforate  the  dtira  mater  is  as  fallows :  At  an  early 
period  of  their  growth  they  project  through  minute  holes  in  the  inner  layer  of  the 
dura  mater,  which  open  into  large  venous  spaces  situated  in  the  tissues  of  the 
membrane  on  either  side  of  the  longitudinal  sinus  and  communicating  with  it. 
In  their  onward  growth  the  villi  push  the  outer  hiyer  of  the  dura  muter  before 
them,  and  this  forms  over  them  a  delicate  membranous  sheath.  In  structure  they 
^eonsist  of  trabecuhe  of  connective  tissue  covered  over  by  a  layer  of  endntlieliuiu. 
The  spongy  tissue  of  which  they  are  composed  is  continuous  with  the  trabecular 
tissue  of  the  subarachnoid  space. 

These  bodies  are  not  found  in  infancy,  and  very  rarely  until  the  third  year. 
They  are  usually  found  after  the  seventh  year,  and  fnmi  this  period  they  increase 
in  number  as  age  advances.      Occasionally  they  are  wanting. 

Procesaes  of  the  Dura  Mater* — The  processes  of  the  dura  mater,  sent  inward 
into  the  cavit}^  of  the  skull,  are  three  in  number;  the  falx  cerebri,  the  tentorium 
cerebelli,  and  the  falx  cerebelli. 

The  frt/j:  cerebri^  so  named  from  its  sickle-like  form,  is  a  strong  arched  procees 
of  the  dura  mater,  which  descends  vertically  in  the  longitudinal  fissure  between 
the  two  hemis[iheres  of  the  bniin.  It  is  narrow  in  frrmt,  where  it  is  attached  to 
the  crista  galli  of  the  etlmnjid  bone,  and  broad  behind,  where  it  is  connected  with 
the  upper  surface  of  the  tentorium.  Its  upper  margin  is  convex,  and  attached  to 
the  inner  surface  of  the  skull  as  far  back  as  the  internal  occipital  protuberance. 
In  this  situation  it  is  broad,  and  contains  the  superior  longitudinal  sinus.  Ita 
lower  margin  is  free,  concave,  and  presents  a  sharp  curved  edge,  which  contains 
the  inferior  longitudinal  sinus. 

The  tentormtn  n'nheUi  is  an  a  relied  lamina  of  dura  mater,  elevated  in  the 
middle  and  inclining  downwanl  toward  the  circumft*rence.  It  covers  the  upper 
surface  of  the  cerebellum,  and  supports  the  occipital  lubes  of  the  brain,  and 
prevents  them  pressing  upon  the  cerebellum.  It  is  attached,  behind,  by  its  convex 
border  to  the  transverse  ridges  upon  the  inner  stirffice  of  the  occipital  bone,  and 
there  encloses  the  lateral  sinuses;  in  front,  to  the  superior  margin  of  the  petrous 
portion  of  the  temporal  biaie,  enclosing  the  superior  petrosal  sinuses;  and  at  the 
apex  of  this  bone  the  free  f^r  internal  border  and  the  attached  or  external  border 
meet,  and,  forming  two  processes,  cross  one  another  and  are  continued  forward,  to 
be  aitached  to  the  anterior  and  posterior  clinoid  processes  respectively.  Along  the 
middle  line  of  its  upper  surface  the  posterior  border  of  the  falx  cerebri  is  attached, 
the  straight  sinus  being  placed  at  their  point  of  junction.  Its  anterior  border  is 
free  and  concave,  and  presents  a  large  oval  opening  for  the  transmission  of  the 
crura  cerebri. 

The  f*ih'  i^ereht'Ui  is  a  small  trianguhir  process  of  dura  mater  received  into  the 
indentation  between  the  two  lateral  lobes  of  the  cerebellum  behind.  Its  base  is 
attached,  above,  to  the  under  and  back  part  of  the  tentorium  ;  its  posterior  margin, 
to  the  lower  division  of  the  vertical  crest  on  the  inner  surface  of  the  occipital  bone. 
As  it  descends  it  sometimes  divides  into  two  smaller  folds,  which  are  lost  on  the 
sides  of  the  foramen  magnum. 

The  Araclmoid  Membrane. 

The  arachnoid  {ipd-pyj  dooz,  like  a  spider's  web),  so  named  from  its  extreme 
thinness,  is  a  delicate  membrane  which  envelojis  the  brain,  I^'ing  between  the  pia 
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nittler  internally  and  the  dura  mater  externally ;  from  this  latter  membrane  it  is 
separated  by  a  space,  the  subdural  space. 

It  invests  the  brain  loosely,  being  separated  from  direct  contact  with  the 
cerebral  substance  by  the  pia  mater,  and  a  qnantity  of  I0086  areolar  tissue,  the 
Midtararhtioidean,  On  the  upper  siirfuce  of  the  cerebrum  the  arachnoid  is  thin  and 
trans[iarent,  and  may  be  eaj^ily  demonstrated  by  injecting  a  stream  of  air  beneath 
it  by  means  of  a  blowpipe ;  it  passes  over  the  convolutions  without  dipping  down 
into  the  sulci  between  them.  At  the  base  of  the  brain  the  arachnoid  is  tliicker, 
and  slightly  opafjue  toward  the  central  part ;  it  covers  the  anterior  lobes,  and 
extends  across  between  the  two  temporo-sphenoidal  lobes,  so  as  to  leave  a  consid- 
erable interval  between  it  and  the  brain,  the  anterior  niibarachnmdean  %pace;  it 
18  in  contact  with  the  penis  and  under  surface  of  the  cerebellum,  but  betw^een  the 
hemispheres  of  the  cerebellum  and  the  medulla  oblongata  another  considerable 
interval  i  s  1  eft  bet  ween  i  t  a  n  d  the  b  ra  i  n ,  ea  1 1  e  d  t  h  e  posterior  »u  ha  rach  fi  o  idea  n  spa  e  i\ 
These  two  spaces  comoiunicate  together  across  the  crura  cerebelli.  The  arachnoid 
membrane  surrounds  the  nerves  which  arise  from  the  brain,  and  encloses  them  in 
b:)Q3e  sheaths  as  far  as  their  point  of  exit  from  the  sknlb 

The  miharachnoid  npaee  is  the  interval  between  the  arachnoid  and  pia  mater  : 
this  space  is  narrow  on  the  suriace  of  the  hemispheres,  but  at  the  base  uf  the 
brain  a  wide  interval  is  left  between  the  two  temporo-sphenoidal  lobes,  and»  behind, 
between  the  hemispheres  of  the  cerebellum  and  the  medulla  oblongata.  This 
space  is  the  seat  of  an  abundant  serous  secretion,  the  eerebrf^-smjial  fluid,  which 
fills  up  the  interval  between  the  arachnoid  and  pia  mater.  The  subarachnoid 
space  usually  comraimicates  with  the  general  ventricular  cavity  of  the  brain  by 
means  of  an  opening  in  the  interior  boundary  of  the  fourth   ventricle. 

The  subdural  space  also  contains  tluid  ;  this  is,  how^ever,  small  in  quantity 
c<3anpared  with    the  cerebro-sjiinal  tluid. 

Stmcture. — Tlie  arachnoid  consists  of  bundles  of  white  fibrous  and  elastic 
tissue  intimately  blended  together.  Its  outer  surface  is  covered  with  a  layer  of 
endothelium.  From  its  inner  surface  are  given  off  a  number  of  bundles  of  fine 
connective  tissue,  which  form  a  sp<inge-like  trabecular  network  in  the  subarachnoid 
spawi.  in  the  interstices  of  which  the  cerebro-sjiinal  tluid  is  contained.  Vessels  of 
considerable  size,  but  few  in  number,  and,  according  to  Bochdalek,  a  rich  plexus  of 
nerves  derived  from  the  motor  division  of  the  fifth,  the  facial,  and  the  spinal 
accessory  nerves,  are  found  in  the  arachnoid. 

The  mrebro'spinal  Jlaid  fills  up  the  subarachnoid  space.  It  is  a  clear,  limpid 
fluid,  having  a  saltish  taste  and  a  slightly  alkaline  reaction.  According  to 
Lis^aigne,  it  consists  of  98.5  jiarts  of  water,  the  remaining  1,5  per  cent,  being 
solid  matters,  animal  and  saline.  It  varies  in  (juantity,  being  most  abundant 
in  old  persons,  and  is  quickly  reproduced.  Its  chief  use  is  probably  to  afford 
mechanical  protection  to  the  nervous  centres  and  to  prevent  the  effects  of  concus- 
sions communicated  from  without- 

The  Pia  Mater. 

The  pia  mater  is  a  vascular  membrane,  and  derives  its  blood  from  the  internal 

carotid  and  vertebral  arteries.  It  consists  of  a  minute  plexus  of  blood-vessels, 
held  together  by  an  extremely  fine  areolar  tissue.  It  invests  the  entire  surface  of 
the  brain,  di[iping  down  between  the  convolutions  and  lamina,  and  is  prolonged 
into  the  interior,  forming  the  velum  interpositum  and  choroid  plexui=es  of  the 
fourth  ventricle.  It  represents  only  the  inner  layer  of  the  pia  mater  of  the  cord. 
Upon  the  surfaces  of  the  hemispheres,  where  it  covers  the  gray  matter  of  the 
convolutions,  it  is  very  vascular,  and  gives  off  from  its  inner  surface  a  multitnde 
of  minute  vessels,  which  extend  perpendicularly  for  some  distance  into  the  cerebral 
substance.  At  the  base  of  the  brain,  in  the  situation  of  the  anterior  and  posterior 
perforated  spaces,  a  number  of  long  straight  vessels  are  given  off,  which  pass 
through  the  white  matter  to  reach  the  gray  substance  in  the  interior*     On  the 
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cerebellum  the  membraEe  is  more  delicate,  and  the  vessels  from  its  inner  surface 
are  shorter.  Upon  the  crura  cerebri  and  pons  Varolii  its  characters  are  altogether 
changed ;  it  here  presents  a  dense  fibrous  structure,  marked  only  hy  slight  traces 
of  vascularity* 

According  to  Fohinann  and  Arnold,  this  membrane  contains  numerous 
lymphatic  vessels.  Its  nerves  are  derived  from  the  sympathetic,  and  also  from 
the  third,  fifth,  sixth,  facial,  glosso- pharyngeal,  pneumoga^tric,  and  sjiinal  acces- 
sory.    They  accompany  the  branches  of  the  arteries. 


THE  BEAIN. 

[By  Bsrk  B.  Gallaubet.  M.  D., 

rsIciiinB  an*l  Sur^ons  {Cir>l 
^ospUdl,  New  Vork  City,] 

GENEEAL  CONSIDEEATIONS  AND  DIVISIONS- 


DemonstrfttoT  of  Anatomy,  CoUege  of  PhyslGlflnB  and  Sur^ons  {Cir>lumbla  University);  Surgeon  tn  Bellcvue 


The  Brain,  or  eneephahtn^  is  that  |)ortion  of  the  cerebru-spinal  axis  which  is 
contained  in  the  cranial  cavity.  It  may  be  divided  iofo  live  portion^^,  which,  from 
below  upward,  are  a^  follows:  1.  The  medulla  oblongata;  :2.  The  |K>ns  Varolii 
and  cerebellum;  3,  The  mid-brain  ;  4,  The  inteu-braiu;  5,  The  two  hemispheres. 
The  inter-brain  and  the  two  hemispheres  are  sometimes  grouped  together  as  the 
ct'trhrum.  Commonly,  however,  the  word  '"  cerebrum  "  means  the  two  hemi- 
spheres only. 

Theso  various  subdivisions  of  the  brain  are  based  on  the  mtihm^  of  dcvelopmmt 
of  the  brain,  each  of  which  corresponds  to  one  of  the  five  cerebral  vesicles  into 
which  the  original  fti^tal  brain,  a  mere  tube,   is  soon  divided. 

Authorities  differ  as  to  the  precise  method  of  devehipnient  of  the  early  foetal 
brain  after  it  has  become  a  closed  tube.  Some  observers  state  that  this  brain- 
tube  becomes  partially  constricted  in  two  places,  thus  giving  rise  to  three  pnmartf 
(cerebral  vesieie^^  and  that  no  further  constrictions  as  such  occur.  Others  claim 
that,  while  this  is  true,  soon  afterward  the  anterior  and  poBferlor  vesicles  ore  fur- 
ther subdivided  by  similar,  though  not  so  well-marked,  constrictions. 

This  latter  method  seems,  perhaps,  the  simpler,  and  is  tlie  one  which  will  be 
followed  in  the  present  deseriptiou. 

There  are  thus  formed,  first,  three  prho^trf/  cerebral  vesicles,  and  then  five 
secondar^t/  cerebral  vesicles.  The  three  former  are  known  respectively  as  the 
fore-hrain,  the  nml-finimy  and  the  hind-lfraiN.  Uf  the  five  seco7idart/  vesicles,  the 
first  and  second  result  from  constriction  of  the  fore-brain ;  the  third  is  the  orig- 
inal mid-brain  unchangt^d,  while  the  fourth  and  fifth  are  derived  from  the  hind- 
brain  in  a  manner  similar  to  that  in  which  the  first  two  arc  formed  from  the  fore- 
brain-  The  first  secondary  vesicle  is  known  as  the  prosenecphdifm  ;  the  second, 
as  the  tftahmetieephfthtt :  the  third,  as  the  mescncepkaio)t^  or  mid-l>rain;  the  fourth, 
as  the  epenrepffakm  ;  and  the  fifth,  as  the  mctenf^epfiahit  (Fig.  AVI),  Each  of 
these  subdivisions,  of  course,  contains  its  own  portion  of  the  original  brain* 
cavity,  and  these  various  portions  are  all  in  direct  continuity,  one  with  the 
other. 

In  comparing  these  divisions  of  the  embryonal  brain  with  those  of  the  atliilt 
brain  already  mentioned^  it  is  found  that  the  progeftrephahfiy  together  with  the 
tliiilameueeph(doH^  develop  into  or  go  to  form  the  inter-hram,  and  hence  their 
cavities  make  up  the  third  venirHe^  which  is  the  name  given  to  that  portion  of 
the  general  brain-cavity,  in  the  ad  nit,  inclmled  in  the  inter-brain*  It  is  common, 
however,  in  describing  the  adult  brain  to  use  the  nauies  '*  inter-brain  **  and 
*  *  1 1 1  a  I  a  m  e  ri  ce  p  h  al  o  n  "  i  u  t  er  e  h  a  n  geab  1  y ,  t h  u  s  d  i  s  re  ga  r d  i  n  g  t  h  e  [i  r o  sen  ce  p  h  al  o  n .  The 
reason  for  this  is  that  the  hitter^  in  the  adnlt  brain,  is  merely  the  extreme  ante- 
rior part  of  the  true  tbalamencephalon,  while  its  cavity  holds  a  similar  relation 
to  the  third  ventricle — /.  e.  it  is  only  the  anterior  end  of  the  ventricle.  It  is 
that  portion  of  the  third  ventricle  which  has  i>n  each  side  the  opening  known  as 
the  foramen  of  Monro,  the  significance  of  which  will  be  dwelt  upon  later. 
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The  mesencephalon^  or  roid-braiu,  simply  develops  into  the  correspoDding  por- 
tio?i  of  the  adult  brain  which  is  known  by  the  same  name,  mul'brain*  The  epen* 
eephaion  becomes  the  future  pons  Varolii  and  cerebellum,  while  the  nittencephahn 
develops  into  the  me^lulhi  oblongata.  These  name»^  ^'^prosencepbalon/'  etc.,  which 
have  been  ^riven  to  the  five  secondary  cerebral  vesicles,  are  also  used,  sometimes, 
to  designate  the  correspondinir  divisions  of  the  adult  brain.  The  terms  **  hind- 
brain  *'  ond  ''after-brain  "  are  often  employed,  the  former  as  a  name  for  the  pons 
and  cerebelhini,  the  latter  for  the  medulla. 

It  will  be  observed  that  in  makin*^  the  above  comparison  there  has  been  no 
mention   of   the    ftemisptkeres   nor   of  a 
correspon<liug  portion  of  the  embryonal 
brain.     This  point  will  now  be  touched 
upon.      Soon  after  the  formation  of  the 
primary,  or  simultaneously  with  that  of 
the   secondary,    cerebral    vesicles    there 
grows  out  from   each  side  of  the  front 
part  of  the  fore- brain  or  prosencephalon  wnSef/of^^ 
a  hollow  protrusion.     These  protrusions       '^^^"^ 
from  the  sides  of  the  prosencephalon  are  oifaeum/tobe 


Mid'bratn 


Jnler-brain  > 


Hfrnuphert 


mnd-bmiit 


4A^'brQin 


"7 


ri'Sii'lfg,  and 
corresponding 


Opticlobe 


Mrduiia 


Mid-brain" 


k  n  0  w  n  as  tb  e  * '  A  r  m  inpk  e  r* 

each  one  h  to  form   the 

hfrnhphi've  of  the  adult  brain  (Fig*  412)^ 

This  development  is  brought  about  by  a 

process  of  extension  and  growth  in  all 

directions,  forward,   backward,  upward, 

and  downward*  until,  as  the  hermsphfres^ 

the    enormously    enlarged    hemisphere 

vehicles  come  close  together  above,  and 

overlie   from   above    downward    all   the 

remaining  divisions  of  the  encephaloD. 

(The   term    *'  fore-brain  "   is  sometimes 

used  to  designate  the  prosencephalon  and  the  hemispheres.) 

It  will  be  remembered  that  the  name  ''third  ventricle  "  means  the  cavity  of 
the  inter-brain.     The  cavities  of  the  other  divisions  are  known  as  follows:  That 
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of  each  of  the  heraifipheres  is  the  lateral  rt'tifrttde  of  the  corresponding  side  ;  that 
of  the  mid'brain  is  the  aqueduct  of  St/lmus  ;  while  that  of  the  pons  and  cerebellttm 
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and  of  tlie  iiiediilla  is  described  as  one  cavity  under  the  name  of  the  fourth 
ventricle.  These  spaees  all  communicate  with  one  another  (Fig.  413).  Thus  the 
fourth  ventricle  opens  above  into  the  aqueduct  of  Sylvius,  which  in  its  turn  leads 
into  the  back  part  of  the  third  veotricle,  and  this,  from  its  front  portion  laterally, 
communicates  with  each  lateral  ventricle  by  means  of  the  corresponding  foramen 
of  Monro.  It  is  thus  seen  that  this  foramen  was  originally  the  simple  orifice 
formed  by  the  protrusion  of  the  hemisphere  vesicle  from  the  side  of  the  prosen- 
cephalon (Fig,  414), 

THE  MEDULLA  OBLONGATA  (Pigs,  415 aod  416), 

General  Description, 

The  medulla  oblongata,  or  npinal  bulb^  is  the  first  division  of  the  brain,  pro- 
ceeding  from  below  upward.  It  has  two  extremities,  superior  and  inferior,  and 
four  .surfaces,  dorsal,  ventral,  and  two  lateral.  The  inferior  extremity  is  directly 
connected  with  the  spinal  cord  ;  the  upper  has  a  similarly  direct  connection  with 
the  pons  Varolii  (Fi^,  415).  The  surfaces  in  the  upper  half  of  the  medulla  are 
distinct  from  each  other ;   in  the  lower  half  each  nins  into  the  other  by  insensible 
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gradations,  Ilenee  the  outline  of  a  cro^s-section  of  the  upper  half  would  show 
each  of  these  surfaces  distinctly,  while  a  similar  outline  of  the  k»wer  half  would 
be  almost  that  of  a  circle. 

The  lateral  diameter  of  the  medulla  increases  from  below  upward,  that  of  the 
lower  end  being  about  eifual  to  that  of  the  cord,  while  that  of  the  upper  is  but 
little  less  than  thyt  of  the  pous.  The  dorso-ventral  diameter  also  increases 
slightly  from  below  upward,  hut  is  always  less,  at  any  r^iven  level,  than  the 
coiTes]>omHng  lateral  diameter.  Hence  the  medulla  is  somewhat  (lattened  dorso- 
ventrally  and  expands  laterally  as  it  ascends.  It  is  directed  obliquely  from  below 
upward  an<l  forward,  and  its  lower  end,  which  joins  the  cord,  is  on  a  level  with 
the  lower  margin  of  the  foramen  ma^jnum*  Its  ventral  surface  rests  on  the 
basilar  groove  of  the  ocei]>ital  bone,  while  its  dorsal  surface  lies  under  the  space 
which  separates  the  two  hemispheres  of  the  vercbellunu     Ventrally  its  upper  end 
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18  clearly  marked  off  from  the  ponn  by  prominent  transversely  directed  fibres 
belonging  to  the  latter ;  dr»rsally,  however,  there  is  no  such  line  of  separation, 
the  dorsal  surface  passing  directly  and  smoothly  into  that  of  the  pons.  The 
length  of  the  medulla  is  nearly  1  inch  (20  to  24  mm.);  its  greatest  lateral 
diameter  is  about  three-quarters  of  an  inch  (17  to  18  mm,);  its  greatest  dorso- 
ventral  diameter  is  sonjewhat  less  (15  mm.)* 

The  further  deseription  of  the  medulla  will  be  divided  into  that  of  its  mrface 
and  that  of  its  internal  structure. 


Surface, 

Tka  Surfaces  of  tlie  Medulla^^The  ventral  mirfnce  of  the  medulla  is  flivitied 
into  two  symmetrical  lateral  halves  by  the  continuation  upward  of  the  anterior 
median  fissure  of  the  spinal  cord.  Ihis  continues  up  to  the  pons,  where  it  ter- 
minates in  a  recess,  the  foramen  c<jBcum  of  Vicq  d'Azyr,  It  is  interrupted,  how- 
ever, for  a  short  distance  after  its  passage  into  the  medulla  hy  the  decussation  of 
the  crossed  pyramidal  tracts  of  the  cord.  The  dorsal  surface  of  the  lower  half 
of  the  medulla  is  similarly  divided  by  the  posterior  meflifiii  fissure  of  the  cord, 
which  does  not  extend  on  to  the  dorsal  surface  of  the  upper  half.  This  surface 
is,  however,  bisected  by  a  groove  or  sulcus  which  lies  in  the  middle  line  and 
extemls  from  the  junction  of  the  upper  and  lower  halves  of  the  medulla  on  to 
the  dorsal  surface  of  the  pons  as  fiir  as  its  upper  extremity. 

Each  lateral  gttrface  of  the  medulla  is  separated  from  the  adjacent  halves  of 
the  dorsal  and  ventral  surfaces  by  a  groove,  well  marked  above,  less  distinct 
below.  These  grooves  may  be  called,  respectively,  the  dorso-lateral  and  ventro- 
lateral groovi's  (if  the  medulla. 

The  dorso'la feral  groove  is  the  continuation  upward  of  the  postero -lateral 
groove  of  the  cord,  and  from  it  emerge  the  fibres  of  the  accessory  [>ortiou  of  the 
spinal  accessory  nerve,  of  the  vagus,  of  the  glosso-pharyngeal,  and,  from  the 
extreme  upper  part,  close  to  the  pons,  the  fibres  of  the  seventh  and  mesial  root 
of  the  eighth.  There  are  two  points  to  be  noted  in  connection  with  this  groove: 
First,  it  is  interrupted  at  its  lower  end  hy  the  change  in  position  of  the  direct 
cerebellar  (raet  of  the  cord.  In  the  cord  this  tract  is  anterior  to  the  postero- 
lateral groove,  but  as  it  passes  upward  into  the  medulla  it  becomes  dorsal  to  the 
groove,  and  thus  belongs  to  the  corresponding  half  of  the  medullary  dorsal  sur- 
face. Secondly,  its  direction  is  not  straight  up  and  down,  but  is  upward,  for* 
ward,  and  outward.  The  reason  for  this  change  of  direction,  as  well  as  for  the 
cessation  of  the  posterior  median  fissure,  will  be  explained  below. 

The  vcMro-lateral  (groove  is  the  direct  continuation  upward  of  the  line  of 
emergence  of  the  anferior  root»  of  the  spinal  nerves,  although  in  the  cord  there 
is  no  similar  sulcus.  Out  of  this  groove,  in  the  upper  half  of  the  medulla,  where 
it  is  very  distinct,  pass  the  fibres  of  the  hypoglossal  nerve. 

These  various  surfaces  will  now  be  considered  in  detail, 

TiiK  Ventual  Surface  of  the  Medulla* — Its  lower  half  is  made  up, 
mesially,  of  the  decussation  of  the  crossed  pyramidal  tracts,  and,  laterally,  of 
the  continuations  upward  of  the  direct  pyramidal  tracts  of  the  cord.  Hence  it 
18  undivided,  and  extends  laterally  from  the  lower  part  of  one  ventro-lateral 
groove  of  the  medulla  to  the  other.  Its  upper  half  is  divided  in  two,  as  already 
stated,  by   the   anterior   median    fissure.     These   two  halves   are   known   as   the 

The  pyramids  are  two  prominent,  somewhat  pyramidally  shaped  bundles  of 
white  matter  or  nerve-fihres,  placed  one  on  either  side  of  the  anterior  tnetlian 
fissure,  each  being  separated  from  the  upper  half  of  the  correspontling  lateral 
surface  by  the  upper  part  of  the  ventro-lateral  groove.  Superiorly,  they  reach 
to  the  pons,  !*t  the  lower  border  of  which  they  are  somewhat  constricted.  Each, 
as  it  de«^eends,  becomes  somewhat  enlarg*  «L  and  then  tapers  at  its  lower  extrem- 
ity.     The  fibres  of  which  each  pyramid  is  composed  are  disposed  in  two  bundles, 
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&  large  mesial  and  a  smaller  lateral  one.  The  fibres  of  tbe  former  are  directly 
coutimiou8  with  those  of  the  crossed  pyramidal  tract  of  the  opposite  side  of  the 
cord  by  mentis  of  the  decussation  already  referred  to.  This  decussation  is  more 
com  Til  on  i}'  spoken  of  as  the  det'ussatkm  (*/  the  pt/ranfuh.  The  fibres  of  the  lateral 
buntlle  are  directly  continuous  with  those  of  tbe  direct  pyramidal  tract  of  the 
same  side  of  the  cord.  This  tract,  it  will  be  remembered,  in  the  cord  is  next  to 
the  anterior  median  fissure.  Hence  in  the  pyramid  it  is  displaced  laterally  by 
tbe  passage  upward,  next'  to  tbe  median  fissure,  of  tbe  crosse^l  pyrauiiilal  tract 
after  its  decussation  with  its  felloTv  of  the  opposite  si  tie.  Each  pyramid,  close  to 
the  pons,  ts  often  crossed  by  a  fairly-well  marked  band  of  fibres,  the  pontkulus 
of  Arnold,  The  fibres  of  the  pyramid  are  continued  directly  upward  into  the 
pons  Varolii, 

The  Lateral  Surface  op  the  Medulla. — Each  of  these  surfaces*  as 
already  stated,  is  separated  from  the  corresponding  half  of  the  ventral  and  dorsal 
surface  respectively  by  tbe  ventro-lateral  and  dorso-lateral  f^roove.  The  entire 
upper  half  of  this  suriace  is  occupied  hy  a  well-marked  olive-shaped  prominence, 
the  olive  or  olivary  body,  Tbe  lower  half,  below  tbe  olive,  is  often  spoken  of  as 
the  ''^lateral  tract'*  of  the  medulla.  It  is  not  raised  up  from  the  general  surface, 
as  is  the  olive,  and  consists  of  white  fibres  derived  from  the  antrro-lati'Tal  (/rotmd 
bundle  and  antero-lateral  ascending  and  descending  cercMlar  traetM  of  tbe  cord. 
These  fibres  pass  upward,  some  going  beneath  the  olive  (the  major  part),  while 
others  proceed  over  its  surface,  thus  forming  part  of  its  structure,  and  still 
others  are  found  in  the  grooves  on  each  side  of  tbe  olive.  The  fibres  in  tbe 
grooves  may  be  considered  as  coming  from  tbe  cerebellar  tracts  (nseeii(ling  and 
descending),  while  those  on  the  surfiict*,  and  those  which  dip  untler  or  beneath  the 
olive,  are  direct  prolongations  of  the  antero-lateral  ground  bundle.  The  further 
destination  of  all  these  fibres  will  be  noted  later  on. 

The  Olive  or  Olivary  Body, — ^Tbis  has  just  been  partially  described.  It  is 
made  up  of  the  white  fibres  above  mentioned,  and  also  of  a  nucleus  of  gray 
matter  in  its  substance,  tbe  projection  of  which  really  causes  tbe  prominence 
itself,  or  the  olive.  This  nucleus  is  the  oUvartf  nucleus  or  dentate  nucleus  of  the 
olivary  body.  It  will  be  fiirtber  coiisidered  below.  The  upper  end  of  tbe  olive 
reaches  nearly  to  tbe  [rons,  only  a  short  but  deep,  transversely  directed  groove 
intervening.  This  small  groove  really  connects  the  tipper  ends  of  the  dorso- 
lateral and  ventro-lnteral  grooves,  between  which  the  olive  is  placed,  and  which 
are  here  nearer  together  than  their  lower  portions,  owing  to  the  forward  tend- 
ency of  the  former.  Between  the  olivo  and  pyramid  (ventro-lateral  groove) 
emerge  tbe  fibres  of  the  hypoglossal  nerve.  The  olive  is  eijual  in  breadth  to  the 
pyramid,  is  a  little  broader  above  than  below,  and  is  about  half  an  inch  in 
length,  Numt^rous  white  fibres  (Hupcrficitd  arciforrn  jihrcH)  are  seen  winding 
across  the  lower  half  of  the  pyramid  and  the  olivary  body  to  enter  the  restiform 
body  (see  below). 

The  Dorsal  Surface  of  the  Medulla. — The  lower  half  of  this  surface  is 
dividetl  in  two  by  the  posterior  median  fissure  continued  upward  from  the  cord. 
JRjc/i  of  these  halves  of  the  lower  half  of  the  dorsal  surface  of  the  medulla  is  sep- 
arated from  tbe  so-called  lateral  tract  or  area  by  the  inferior  portion  of  the  dorso* 
lateral  groove,  and  receives  tbe  upward  prolongation  of  the  direct  cerebellar  tract 
of  tbe  cord,  as  already  mentioned. 

Situated  in  and  forming  parts  of  thia  same  portion  of  the  dorsal  surface  of 
the  medulla  are  three  other  columns  or  tracts  of  white  matter,  besides  tbe  one 
just  mentioned.  These  columns  are  known  as  funiculi,  and  are  placed  side  by 
side,  st*paratcd  by  slight  grooves,  between  the  direct  cerebellar  tract  laterally 
and  the  posterior  median  fissure  mesially.  Tbe  one  next  to  the  direct  cerebellar 
tract  is  the  funiculus  of  Rolando^  adjoitiing  which  is  tliG  funiculus  ctmcatus^  and 
the  innermost,  next  to  the  fissure,  is  tbe  funiculus  gracilis. 

The  upper  h(df  of  tbe  dorsal  surface  of  the  nieduUa  is  consitlerably  wider 
than  the  lower,  this  increase  in  width  being  progressive  from  below  upward.     Its 
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ie#  It  therefore  somewhat  like  that  of  an  efiuilateral  triangle,  base  upper- 
most and  with  thiek  rounded  sides.  It  is  divided  in  two,  ag  before  stated,  by  a 
longitodmal  mesial  sulcus  or  groove.  The  lateral  boundary  of  each  of  the^e 
luilvfg  of  the  upper  lialf  of  the  dorsal  surface  is  the  superior  portion  of  the 
florso-iatenil  groove,  immediately  beyond  which  is,  of  course,  the  olivary  body  on 
the  lateral  surface.  The  thick  rounded  sides  of  the  '"^  triangle ''  are  the  re«t{form 
bodies,  and  the  space  bet  wet- n  them,  including  the  longitudinal  mesial  groove,  is 
the  lower  half  of  the  Jhor  of  the  fourth  ventricle.  The  re^tiform  bodies  project 
dorsally,  so  that  they  are  slightly  elevated  above  this  part  of  the  floor  of  the 
fourth  ventricle,  wliich  they  bound. 

Tha  Fimicnlua  GraciHs— Open  and  Closed  Portions  of  the  Medulla, — The 
fumeulus  fjraeilis  is  the  column  immediately  next  to  the  posterior  median  fissure 
on  the  dorsal  surface  of  the  lower  half  of  the  medulla,  and  its  fibres  are  cuutinued 
directly  up  from  the  postero-mesial  column  (column  of  iioll)  of  the  spinitl  c**rd. 
Its  upper  end  is  slightly  enlarged,  and  is  somewhat  more  prominent  than  the 
rest  of  the  column.  This  enlargement  and  prominence  are  due  to  the  nueleiis 
found  in  its  substance  at  this  point  (Fig.  417),  The  term  elava  is  given  to  this 
enlarged  upper  end*  The  two  eLww  diverge  from  each  other,  and  each  encroaches 
somewhat  on  the  inner  aspeet  of  the  lower  part  of  the  restiform  body,  thus  exclud- 
ing this  particular  part  of  the  rest i form  body  from  its  place  as  lateral  boundary 
of  this  the  lowest  portion  of  the  floor  of  the  fourth  ventricle,  and  becoming  itself 
such  boundary.  As  each  clava  ascends  it  tapers  gradually  to  a  point,  and  is  lost 
on  the  rest! form  body.  The  course  of  the  fibres  of  the  gracilis  and  its  nucleus 
wi!l  be  described  under  the  "internal  structure  "  of  the  medulla.  The  fibres  do 
not  join  with  those  of  the  restiform  body.  The  angle  of  divergence  of  the  clavas 
indicates  the  points  of  ces.sution  of  the  posterior  median  fissure  and  of  the  begin- 
ning of  the  groove  which  lies  along  the  middle  of  the  floor  of  the  fourth  ven- 
tricle. In  other  words,  it  is  at  this  spot  that  the  lower  half  of  the  medulla,  which 
contains  the  upper  part  of  the  central  ciiual  of  the  spinal  cord,  now  begins  to 
widen  out  and  become  somewhat  Hattened  dorso-ventrally.  This  wide  separation 
of  its  edges  necessarily  destroys  the  median  fissure  and  brings  to  the  surface  the 
central  canal  of  the  cord,  covered  in  only  by  the  dorsal  part  of  its  lining  epi- 
thelium and  a  ilelicate  layer  of  gray  matter.  The  canal  now  sliares  in  the  widen- 
ing-out  process  and  becomes  the  lower  half  of  the  fourth  ventricle,  the  roof  of 
which  is  the  same  layer  of  epithelium  and  gray  matter,  but  which  now  stretches 
across,  as  a  delicate  triangular'shaped  lamina,  between  the  ifiner  martjinE  of  the 
restiform  bodies  and  the  elarfP^  with  its  apex  necessarily  right  in  the  angle  of 
divergence  of  the  clav^e.  This  layer  always  comes  away  with  the  rem o vol  of  the 
pia  mater;  hence  in  specimens  stripped  of  pia  there  is  seen,  of  the  lower  half  of 
the  fourth  ventricle,  only  its  floor  and  lateral  InmndarieH.  For  this  reason  also 
the  lower  half  of  the  me<lulla  is  often  called  the  closed  portion,  and  the  upper 
half  the  open  or  rentrieular  portion.     (See  Tela  eharoidea  inferior.) 

The  Fmnicnlus  Cuneatus. — This  column  is  next  to  the  gracilis,  and  the  fibres 
of  which  it  is  composed  are  the  direct  continuatums  upward  of  the  fibres  of  the 
postero-lateral  column  (column  of  Burdach)  of  the  cord.  Its  u|jper  end,  lying 
immediately  under  the  restiform  body.  Is  enlarged  and  prominent,  like  that  of 
the  gracilis,  but  to  a  less  extent.  This  prominence  is  known  as  the  vuneate 
tiiberele,  and  is  due  to  ilic  projection  of  a  nuelem  within  its  substance  (Fig.  417). 

The  Fimiculus  of  Rolando* — I'his  column  is  lateral  to  the  funiculus  cuneatus, 
and,  like  it,  its  upper  end  is  somewhat  enlarged  and  prominent,  this  prominence 
being  known  as  the  tuherele  of  Rolando.  There  is  also  a  nucleus  (Fig.  417) 
within  its  substance,  and  its  upper  end  lies  immediately  beneath  the  restiform 
body.  This  column  is  found  only  in  the  medulla,  it  having,  apparently,  no  cor- 
responding column  in  the  cord. 

The  Lower  Half  of  the  Floor  of  the  Fourth  Ventricle.— This  is  the  triangular 
^ace  already  mentioned  as  lying  between  the  restiform  bodies  and  clavte  of  the 
funiculi  graciles.     Its  bttite  jom^  that  of  a  similar  triangular  space  (upper  half  of 
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the  floor  of  the  fourth  ventricle)  found  on  the  dorsura  of  the  pons.     Its  further 
considtration  will  be  postponed  until  the  floor  as  a  whole  is  described. 

The  Reatiform  Bodies.- — These  arc  the  largest  and  thickest  '"  columns  "  found 
on  the  medulla.  Each  is  a  well-rounded  mass  of  white  fibres,  and  is  directed 
from  below  upward,  outward,  and  somewhat  forward,  diverging  from  its  fellow, 
Its  upper  extremity  is  at  the  widest  part  of  the  medulla,  where  it  bends,  almost 
at  a  right  angle,  directly  dormlly  away  from  the  niedolhi,  and  immediately  enters 
the  cerebellum.  Hence  a  fipio)ti/m  of  the  rest i form  body  is  the  infvnor  pedunde 
Qf  the  eerebellum.     Its  lower  extremity  is  somewhat  tapering,  and  not  so  rounded 

fand  prominent  as  are  the  succeeding  portions.  This  is  due  to  the  fact  that  the 
upper  ends  of  the  gracilis,  cuueatus,  and  Rolandic  columns  are  not  quite  on  the 
game  level,  the  cuneatus  reaching  a  little  higher  than  the  gracilis,  and  the 
Rolandic  column  a  little  higher  than  the  cuneatus*  The  fibres  of  these  thre6 
columns  end  here  in  a  manner  to  be  subsequentiy  described.  They  do  not  enter 
the  restiform  body,  which  does  receive^  on  the  contrary,  all  the  fibres  of  the  direct 
tereheUar  tracts  previously  mentioned.     The  ''  widening-out  "  of  the  medulla  in 

*it8  growth  explains  the  divergence  and  oblique  position  of  the  restiform  body,  as 
well  as  the  change  in  direction  of  the  dorso-lateral  groove,  which  separate?  the 
restiform  body  from  the  olive,  and  out  of  which  emerge  the  fibres  of  origin  of 
the  seventh  to  the  eleventh,  inclusive,  cranial  nerves  (except  the  lateral  root  of 
the  eighth). 

External  Arciform  Fibres.— The  external  arciform  or  areuate  fibres  are  seen 
on  all  three  surfaces  of  the  medulla.  They  are  small,  bnt  vary  in  number  in  dif- 
ferent medulhe.  They  emerge  from  the  anterior  median  fissure,  between  the 
pyramids,  and  curve  dorsal ly  on  both  sides.  They  pass  over  the  pyramid  and 
olive^  and  then  turn  upward  to  join  the  restiform  body.  In  doing  so  they  often 
conceal  from  view  the  upper  part  of  the  cuneate  and  Rolandic  funiculi-  Often 
these  fibres  are  collected  into  a  well-marked  bundle  which  crosses  inferior  to  the 
olive,  thus  obscuring  the  *' lateral  tract  "  and  portions  of  the  grooves  between 
the  pyramid,  olive,  and  restiform  body.  Sometimes  they  spread  out  over  the 
entire  surface  of  the  olivary  body. 

Internal  Structure, 

The  internal  structure  of  the  medulla  includes  that  of  the  whole  medulla — /.  e. 
its  various  mrfneen^  already  described,  as  well  as  the  deep  portion  surrounded  and 
included  by  these  surfaces. 

The  deep  portiuu  is  <livided  into  three  bilateral  areas,  separated  by  a  median 
raphe  or  septum,  each  of  which  is  known  respectively  as  the  anterior^  lateral,  and 
posterior  area  of  the  medulla,  and  each  of  which  corresponds  to^  or  may  he 
regarded  as  having  for  its  superficial  or  **  surface  "  aspect,  one  of  the  subdivisions 
of  the  »itrfaee  of  the  medulla.  Thus,  the  anterior  area  corresponds  to  one-half 
of  tlje  decussation  of  the  pyramids  and  to  the  pyramid  of  its  own  side;  the  late- 
ral area,  to  the  olive  and  lateral  tract;  the  posterior  area,  to  the  restiform  body, 
floor  of  fourth  ventrick\  and  the  four  small  columns  below — via.  the  direct  cere- 
bellar tract,  the  fuoiculos  of  Rolando,  cuneatus,  and  gracilis*  These  areas, 
observed  in  transverse  sections,  are  seen  to  be  somewhat  wedge-shaped,  especially 
in  the  lower  half  of  the  medulla,  and  each  to  be  separated  from  the  adjacent  one 
by  a  line  of  nerve-fibres  running  dorso-ventrally  through  the  substance  of  the 
bulb  (Fig.  417).  Furthermore,  the  two  anterior  areas  have  between  them  the 
raphe,  while  the  two  posterior,  in  the  lower  half  of  the  medulla,  are  separated  by 
the  posterior  racdiim  fissure.  The  nerve-fibres  referred  to  above  are  the  root- 
bundles  of  the  hypoglossal  nerve  on  the  one  hand,  and,  depending  on  the  level 
of  the  section,  of  either  the  seventh,  glosso-pharyngeaK  vagus,  or  spinal  acces- 
Bory  on  the  other ;  the  root-bundles  of  these  last  being,  of  course,  in  the  same 
perpendicular  jdanc.  These  fibres  are  all  proceeding  from  their  various  nuclei 
of  origin  in  the  dorsal  part  of  the  medulla,  to  emerge, .those  of  the  hypoglossal 
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between  the  pyramid  and  olive^  those  of  the  last-named  group  between  the  olive 
and  restiform  body.  It  is  thus  seen  that  these  fibres,  traced  dorvsally,  are  right 
in  line  with  the  t;orrt\s|*ondiiig  groove,  ventro-lateral  and  th>rso*lateral,  and  tlie 
similarity  between  the  methods  of  division  of  the  ''deej>  portion"  of  the  medulla 
and  its  ^'surface*  is  rendered  complete;  thus,  the  root-bundles  of  the  twelfth 
separate  the  anterior  and  lateral  areas,  while  those  of  the  seventh  (some  of  the 
eighth),  ninth,  tenth,  and  eleventh,  according  to  the  level,  run  between  the  lateral 
and  posterior  areas. 

Each  of  the  above  *'''area»^*  is  made  up  of  gray  and  white  matter,  the  former 
being  derived  in  part  from  that  of  the  cord.     The  latter  is  composed  of  tibres, 

itniculvs  SoUiarinw, 


NudeitM  cffuniculuM  Urt9. 


yiiciwuM  ambig, 

Raphe 

FormnHo  reticulariti, 
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AcC€99or}f  oUvafif  nuclei'^- 
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^    ^     ,  J,,  'Exitrmat arciform fibre*. 

Aninior  mtdUt  n  ji  snare. 

FjG,  417.— StctJun  of  ihe  RieduUa  ohlun^'aia  nt  Jtbout  the  middle  of  the  oUvary  body.    (SchwAlbe  I 

Bome  longitudinal,  directly  continued  up  from  the  cord,  and  others  running  for 
the  most  part  transversely,  but  with  a  slight  dorso-ventral  curve,  and  intersecting 
the  preceding  ones.  Between  these  intersecting  fibres  are  scattered  the  various 
cells  and  nuclei  of  gray  matter  wiiich,  together  with  their  processes,  form  a  net- 
work. This  network,  together  with  the  intersection  of  the  white  fibres^  gives  a 
reticular  appearance  to  cross-sections  of  the  medulhi,  which  is  known  as  the 
for  m  a  t  to  ret  ten  hi  ris. 

As  there  is  f[uite  a  difference  between  the  structure  and  appearance  of  both 
areas  and  firmftlh  retwnhrh  as  they  occur  in  tlie  upper  (ventricular)  or  lower 
(closed)  portion  of  the  medulla,  as  well  as  between  that  of  the  corri'spruiding  ttur- 
faces,  it  will  be  more  convenient  to  describe  the  internal  structure  of  each  half 
of  the  medulla  separately. 

TuE  Lower  or  Closed  Part  of  the  MtiDirLLA, — The  gray  matter  is  here 
more  directly  continuous  with  that  of  the  cord,  the  central  cunal  of  whicli  is  still 
present,  hut  phi<!ed  dorsally,  and  the  posterior  median  iissiire  and  decussation  of 
the  pyramids  are  aisn  seen.  The  *' widcning-out  "  of  the  medulla  and  the  decus- 
sation of  the  crossed  pyramidul  tracts  uf  the  cord  are  the  prime  factors  in  bring- 
ing about  the  following  changes  in  arrangement  of  the  gray  matter  as  cx*m pared 
to  that  of  the  cord  (see  Figs.  418,  419,  and  4*J0).  The  anterior  cornu  (in  the 
cord)  is  broken  up  by  the  cr€>ssed  pyramidal  tract  passing  through  it  from  behind 
forward  and  inward  to  gain  the  pyramid  of  the  opposite  side*     The  caput  cornu 
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is  thus  separated  from  the  bme^  and  becomes  pushed  over  laterally.     At  first  it  is 


JViici,  gracih* 

Ifectumtk 
Oomu  anL' 

Pyramid" 

Fia  418.— TranJiverRe  lection  (hroiigh  rlie  tse^n- 
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Fio  42n— Transverse  seetlun  of  the 
medulla  ut  the  juncticiti  of  tht,*n|KMi  und 
cItiBud  (xirilyna  x  f     (tiegenbaur,) 


somewhat  distinct,  but  as  seeo  in  sections  immediately  above  (Fig.  420)  it  rap- 
idly becomes  disintegrated,  as  it  were,  into  the  gray 
matter  of  the  furmatio  retictilarm  of  the  anteinor 
and  lateral  areas  (see  above).  The  base  of  the 
cornii  remains  a^^  a  portion  of  gray  matter  close  to 
the  ventro-laterul  asjieet  of  the  central  canal.  The 
lateral  horn  (Fi^^.  417)  of  the  con!  is  also  somewhat 
isolated,  and  is  seen  in  the  lateral  area  near  the 
surface  as  the  nuckm  laferalk. 

The  posterior  cornu  (Figs.  418,  419,  420)  is 
changed  thus :  The  eapid  of  the  posterior  horn 
becomes  enlarged,  and  gradually  shifted  outward, 
so  that  it  forms  a  rounded  mass,  which  produces 
the  prominence  on  the  surface  called  the  funiculus 
of  Kolandrt  and  Its  tubercle.  The  neek  of  the  cornu 
diminishes  in  size,  and  is  broken  up  into  a  reticular  formation,  which  blends  with 
that  derived  from  the  anterior  ccirnu,  hy  the  passage  of  lonf!:itudinal  anrl  trans- 
verse fibres  through  it^  so  that  the  cajtut  is  separated  from  the  rest  of  the  gray 
matter. 

Just  before  and  as  the  central  canal  ex])ands  into  the  fourth  ventricle  the  hase 
of  the  posterior  horn  of  gray  matter  is  pushed  outward  into  the  funiculus  cuneatus 
and  fimiculus  gracilis;  in  each  of  these  funic«li  it  forms  a  distinct  accumulation 
of  gray  matter,  constituting  the  nucleus  ekinetituH  and  the  nueleun  tfraeilh.  These 
nuclei  may  be  regarded  as  helping  to  form  the  ''formatio  reticularis"  of  the  pos- 
terior area,  although  the  reticular  appearance  is  much  less  marked  than  in  the 
lateral  or  anterior  area.  On  the  surface  these  nuclei  produce,  respectively,  the 
nineate  tuhcreh  and  clara.  A  small  fwjrtion  of  the  base  of  the  posterior  horn  is 
separated  from  the  remainder,  antl  is  placed  lateral  to  the  cuneate  nucleus;  it  is 
known  as  the  acec^non/  euneate  nucletfs.  [irobably  derived  from  (Jlarke's  vrsieular 
fohimn  (gray  matter)  of  the  cord.  Fibres  from  this  nucleus  run  to  the  restiform 
body. 

The  wMte  matter  of  the  closed  portion  of  the  medulla  is  made  up  of  white 
fibres,  some  collected  into  large  bundles  on  the  surface^  while  others  are  found  in 
the  formatio  reficularis.  The  latter,  being  directly  continued  upward  irUu  the 
fibres  of  the  formatio  reticulariH  of  the  upper  or  tynn  portion  of  the  medulla, 
will  he  taken  up  in  the  description  of  that  region. 
Tlw  Jihrcg  o}i  the  surface: 
Of  these  the  decnmation  of  the  pt/ramids^  the  ^*  hiteraJ  tracts'*  and  direct 
cerebellar  tract  have  been  already  dwelt  upon.  They  will  again  be  referred  to, 
however,  in  connection  with  the  upper  part  of  the  bulb. 

The  Ihniculus  of  Rolando  is  due  to  the  enlarged  head  of  the  posterior  cornu  of 
the  gray  matter,  which  is  displaced  laterally  in  consecjuence  of  the  increase  in 
size  of  the  posterior  columns  of  the  medulla,  so  that  it  lies  almost  at  right  angles 
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to  the  posterior  median  fissure,  and  approaching  the  surface  forma  a  prominence 
which  is  covered  over  hy  a  very  thin  liiyer  of  white  matter  derived  from  the 
funiculus  cuneatus.  Its  most  prominent  part  is  its  upper  end,  which  is  called 
the  fubt't'rip  of  RohauhK 

The  fanlculus   cunesttus   is   the   direct    continuation   npwarrl   13 f  the   postero- 

•  lateral  column  of  the  cord — i,  v,  its  white  fibres  are  deriverl  from  this  region  of 

the  cord*     The  fibres  entJ  in  thr  ffrntf  matter  which  forms  the  so-called  nneleus 

of  this  column:   this  nucleus,  at  first  narrow,  ;iradually  enlarges,  and  produces, 

externally,  the  eminence  mentioned  above  as  the  tuhcrculum  cnm-atum. 

The  ftmiculus  gracilis  is  the  direct  continuation  upward  of  the  posterior 
median  column  of  the  cord*  It  consists  entirely  of  white  fibres,  which  are 
continuous  with  those  of  this  region  of  the  cord.  Like  the  funiculus  cuneatus, 
its  fibres  end  in  its  so-called  fuieleus^  which  produces  externally  the  prominence 
mentioned  above  a^s  the  e/ttea. 

The  Upper,  Open,  oh  Ventrictlar  Part  of  the  Medulla.— The  gray 
matter,  ai?  in  the  lower  part,  contribntes  to  tVjrm  a  forrnatio  reticularis^  but  this 
is  confined  chiefly  to  the  anterior  and  lateral  '"artvi*/*  In  the  posterior  **  area  '* 
the  gray  matter,  dorsally,  is  found  to  consist  mainly  of  injmerous  intJividual 
mames  of  eelh  or  nuclei  scattered  among  fibres 
which  are  mostly  longitudinal,  while  ventral ly  there 
la  a  small  amount  of  reticular  formation. 

There  are  also  other  indiviilmil  nuehi  found  in 
the  anterior  and  lateral  areas, 

Gtray  Matter  of  the  Anterior  and  Lateral  Areas. 
— This  is  cbiefiy  seen  in  the  forrfiafto  rctfertlariH, 
dorsal  to  the  pyramids  and  olives  (Figs,  417  and 
421).  It  is  practically  a  continuation  upward  of 
the  same  structure  in  the  closed  portion  of  the  bulb. 
In  the  anterior  area  the  nerve-cells  are  infrequent 
and  small  as  compared  with  those  in  the  lateral 
area,  giving  a  whiter  up  pea  ranee  on  section.  Hence 
that  part  of  the  form  a  tin  reticularis  which  is  in  the 
anterior  area  is  called  the  furmatio  retictthtrig  alba^ 
while  that  of  the  lateral  area  is  known  as  the  formatio  retieularis  ifrisea.  Just 
anterior  to  the  latter^ — in  fjxct,  projecting  into  the  olive,  the  prominence  of  which 
it  produces— is  a  large  isolated  nucleus,  the  HEcleus  of  the  olivary  body  (Figs. 
417,  420,  and  421).  *rbis  is  really  a  hollow  cn]isu!c,  with  an  opening  or  hilum 
direct (nj  toward  the  middle  line.  White  fibres  extend  into  and  prucet'd  out  of 
this  capsule  through  the  hilum,  constituting  the  so-called  olirttrf/  peihtncle,  Un 
section  the  wall  of  this  capsule  is  seen  to  be  wavy  and  irregular  in  outline;  hence 
the  nucleus  is  often  calleil  the  corpus  dentatujtf  or  dentate  uurl*  un  of  the  olivary 
body.  Microscopically,  the  wall  of  the  nucleus  appears  to  be  made  up  of  neur- 
oglia, in  which  are  placed  small  miiltipobir  nerve-ci-lls.  From  the  surface  this 
nucleus  is  not  seen,  being  concealed  by  the  fibres  of  the  <dive. 

In  arldition  to  the  main  olivary  nucleus  there  are  two  aeeemmry  olivan^  uuvlei 
(Fig.  417),  **  inner"  and  ''onte-r**  respectively.  The  former  is  in  the  anterior 
area,  dorsal  to  the  pyramid ;  the  latter  in  the  lateral  area,  dorsal  to  the  main 
nucleus. 

Gray  Matter  of  the  Posterior  Area  (Figs.  417,  420,  and  421). —  Interiorly, 
close  to  the  lower  half  of  the  bulb,  are  seen  the  upper  ends  of  the  nticlei  of  the 
funiculus  cuneatufi  and  gracilis.  The  bulk  of  this  gray  matter,  however,  is 
observed,  on  section,  to  consist  of  numerous  nuclei,  ventral  and  mesial  to  which 
is  a  small  area  of  reticular  formation. 

The  Ifuclei  (Fig.  417), — It  nmst  he  remembered  that  the  region  now  being 
considered  is  just  ventral  to  the  floor  fff  the  foufih  ventriele  and  the  restiform 
bodies.  In  other  wonts,  owing  to  the  ''  widening-out  "  process  wliich  has  occurred 
in  this  part  of  the  medulla  the  posterior  ^'area"  has  dorsal  to  it,  laterally^  the 
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restiforra  bodies,  and  mcsialh/  the  lower  balf  of  the  floor  of  the  fourth  ventricle* 
It  18  therefore  more  convenient  to  regard  these  nuclei  in  their  relations  to  the 
floor  of  the  fourth  \'entriele  an<l  the  res ti form  body,  and  especially  to  the  former^ 
as  there  is  practically  but  one  oucleus  in  relation  with  the  latter— viz,  the  fol- 
lowing: Just  ventral  to  the  latter  is  the  end  of  the  p:,raj  matter  of  tbe  tubercle 
of  lioiando,  showing  somewhat  indistinctly  as  a  rounded  mass  traversed  by  the 
root-bundles  of  the  vagus  (Fig.  417), 

Nuclei  in  Eelation  to  Floor  of  Fourth  Ventricle. — As  before  stated,  in  tbe  closed 
portion  of  the  medulla  the  f^tse  of  the  anterior  cornua  is  found  close  to  the  cen- 
tral canal,  on  its  veiitro-lateral  aspect.  As  the  floor  of  tbe  canal  becomes  tbe 
floor  of  the  fourth  ventricle  in  passing  into  the  upper  part  of  the  medulla,  i%^ 
necessarily  follows  that  this  gray  matter  is  shifted  still  more  dorsal ly  and  eomeai 
to  lie  beneath  (ventral  to)  the  floor  of  the  ventricle  on  each  side  of  tbe  median 
groove.  In  this  gray  matter  is  a  column  of  large  nerve-cells  from  which  the 
roots  of  the  hypoglossal  nerve  arise.  Hence  these  cells  are  called  the  hypoglossal 
nucleus.  This  nucleus  extends  upward  to  tbe  pons,  and  is  covered  dorsally  by 
white  fibres,  which  are  known  us  the  fmu'eulus  teres  (see  below,  floor  of  fourth 
ventricle).  In  these  fibres,  dorsal  and  mesial  to  the  hypoglossal  nucleus,  there 
is  also  as  mailer  group  of  cells^  the  nueleuii  of  the  frntu-uluit  teres^  from  which  fibres 
are  traceable  to  the  vago-glossopharyngeal  roots. 

The  remaining  nuclei  in  this  region  are  those  of  the  auditory,  glossopharyn- 
geal, vagus,  and  spinal  accessory  nerves. 

The  Nucleus  of  the  Spinal  Accessory  Nerve. — This  group  of  cells  begins  in  the 
closed  part  of  the  medullu,  close  to  the  baise  of  the  posterior  coruu,  and  extends 
upward,  lying  beneath  tlie  beginning  of  the  floor  of  tbe  fourth  ventricle,  and 
hiteral  to  the  hypoglosi^al  nucleus.  Its  upper  extremity  reaches  to  tbe  eminenila 
cinerea  (see  below,  (loor  of  fourth  ventricle).  This  is  the  nucleus  of  the  accessory 
part  of  the  nerve. 

Nuclei  of  the  Vagus  and  (xlossopharyngeal  Nerves.— These  are  known  as  prin^ 
cipal  and  aceessorf/.  Tbe  prineipal  jiueh^i  of  both  these  nerves  are  groups  of 
cells  practically  in  continuity  upward  with  the  nucleus  of  the  spinal  accessory 
nerve.  These  cells  He  beneath  (ventral  to)  the  ala  rmerea  and  inferior  fovea  in 
the  floor  of  the  fourth  ventricle  (which  see),  that  of  the  ninth  being  above  the 
tenth. 

The  aeeessi  t  n/  1 1  tiele  /  a  re  the  ti  p  f  >  er  a  n  r  1  I  o  w  e  r  po  r  t  i  o  u  s  res  pe  c  t  i  v  el  y  of  a  sm  a  1 1  ^ 
detached  pear-shaped  mass  of  gray  matter  {nuckitit  timlntpins)  containing  nerve- 
cells,  which  is  found  in  the  reticular  formation  of  the  posterior  area  at  sotue  dis- 
tance from  the  Hoor  of  the  ventricle,  and  about  on  a  line»  ventrally,  with  tbe  ala 
cinerea.  Its  stalk  is  seen  to  extend  uiesially  and  dorsally,  and  fibres  run  in  this, 
and  then  turn  outward  and  forward  to  join  the  main  bundles  of  their  respective 
nervcB.  The  tnu-leuH  of  the  funwuiHs  teres  (sec  above)  is  also  an  accessory 
nucleus  of  these  nerves. 

Nuclei  of  the  Auditory  Nerre, — These  are  two,  dorsal  and  ventral.  The  dorml 
nucleus  lies  external  to  the  vago-glossopharyngeal  nucleus  and  underneath  the 
trigonum  acouMiei,  which  is  on  tbe  floor  of  the  ventricle  just  lateral  to  the  inferior 
fovea.  The  ventral  or  accessory  nucleus  lies  betieeen  tbe  two  roots  of  the  auditory 
nerve  (which  see),  ventral  and  close  to  the  r est i form  body;  above,  in  the  pons, 
it  unites  with  the  tputglion  if  the  lateral  root^  which  in  this  region  is  found  mixed 
in  with  tbe  fibres  of  this  root  as  it  passes  around  the  restiform  body. 

Tbe  white  matter  of  tbe  upper  part  of  the  medulla  is.  like  that  of  tbe  lower, 
found  on  the  Rurfaee  in  comparatively  large  bundles  of  fibres  and,  as  smaller 
bundles  or  even  as  individual  fibres,  in  tbe  formafio  reticulariif  of  the  various 
^Uireas''  of  tbe  deep  portion. 

The  snrfae*'  filtres  are  those  of  the  pyramid,  the  olivary  body,  and  restiforra 
body,  together  with  small  bundles  in  the  veutro-lateral  and  dorso-lateral  grooves* 

The  pyramid  bus  already  been  described  in  discussing  the  ventral  gurface  of 
the   medulla.      It  only  remains  to  state  here  that  its  fibres  all  proceed  directly 
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upward  into  the  pons,  of  whicti  lliej  should  be  considered  a  part,  and  then  pass 
into  the  crun^  cerebri  (mid-brain)  and  internal  capsule  (hemisphere)  of  the  same 
aide  (Fig.  422), 

The  olivary  body,  due  to  the  projection  of  its  dentate  nucleus  (see  above),  has 
on  its  surface  (or  is  made  up  of)  longitudinal  fibres  continued  up  from  the  lateral 
tract  inimtHliately  beneath  it.  The  fibres  of  this  lateral  tract  have  already  been 
traced  upward  from  the  cord.  Some  now  pass  upward  over  the  surface  of  the 
olive  to  its  upper  end,  where  they  dip  into  the  deep  portion  of  the  medulla  and 
join  the  fibres  from  the  lateral  tract,  which  have  already  passed  beneath  the  olive 
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(see  '*  lateral  surface  "  of  medulla  for  this  and  paragraphs  immediately  preceding 
and  following). 

Fibres  in  the  Grooves. ^ — ^ Those  in  the  dorso-Iateral  groove  are  the  continuations 
upward  of  the  untcm-iatiral  ascending  cerebellar  tract  (coluiuu  of  Gowers)  of  the 
cord.  At  the  upper  end  of  the  groove  they  dip  into  the  formatio  retieulari.^,  and 
pass  at  once  into  the  dorf?al  part  of  the  pons.  Here  they  reach  tlie  corresponding 
superior  peduncle  of  the  cerebellum,  turn  backward  and  mesially  in  this,  and 
then  pass  into  the  superior  oiedullary  velum,  and  are  thus  continued  into  the 
white  matter  of  the  worm  or  middle  lobe  of  the  cerebellum* 

Those  in  the  ventro-lateral  grooce  on  reaching  its  upper  end  maybe  considered 
to  dip  into  the  formatio  reticularis,  and  then  bend  dorsal ly  over  the  top  of  the 
olive  to  join  the  fibres  of  the  restiform  body,  and  thus  reach  the  cerebellura. 
They  are  the  upward  prolongations  of  the  antero-lateral  desccmliyii^  cerebellar 
tract  (column  of  L^c  urn  thai)  of  the  cord. 

The  Restiform  Body. — As  before  stated,  each  of  these  columns  is  the  largest 
tract  on  its  owe  half  of  the  medulla,  and  receives  the  fibres  of  the  direct  cerebellar 
trad  (doTso-hiteral  ascending  cerebellar  tract — FlcL-hsig's  column),  the  antero- 
lateral descending  eerebelhir  tract  of  the  cord,  atid  the  external  arciform  tibi*eB. 
It  receives  also  other  bands  of  fibres  fruui  the  formatio  reticularis  of  the  medulla, 
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which  will  be  mentioned  below*  Each  restiforni  body  passes  into  the  cerebellum 
(see  under  "'  dorsal  sjirface  **  of  the  medulla),  and  is  therefore  known,  also,  as  the 
inferior  pt'dtitivh  of  the  cerebellum* 

The  white  fibres  of  the  deep  portion,  or  formatio  reiimilarh^  will  now  be 
described. 

Fibres  of  formatio  reticTiiaris  in  both  ehsed  and  open  portmiu  of  tbe  medulla. 
— ^Theae  fibres  are  described  as  longitudinsil,  transverse,  and  dorso- ventral.  Tbe 
longitudinal  fibres  really  make  up  the  bulk  of  tlie  deep  portion  (all  three  '*  area»  *' ) 
of  tbe  medulla.  Most  of  them  come  directly  from  the  anfero-latiral  f^round  bundle 
of  the  cord,  \Yhile  others  are  derived  from  cells  in  tbe  gray  matter  of  tbe  formatio 
reticularis  itself.  They  are  all  more  or  less  directly  continued  upward  into  the  pons, 
and  thence  into  the  mid-brain  and  inter-brain.  All  of  them  have  by  no  means 
been  traced  definitely  from  origin  to  destination.  This  last  statement  is  equally 
true  of  the  transverse  and  dorso-ventral  fibres.  But  there  are  certain  bundles  in 
all  these  fibres  which  have  been  qiiiti"  clearly  made  out,  and  these  will  at  once  be 
described. 

Longitudinal  Fibres  of  the  Formatio  Reticularis. — In  each  anterior  area^  just 
dorsal  to  tbe  pyramid,  is  seen  on  section  a  well-marked  bundle  of  fibres,  This  is 
the  fillet,  or  Jemniscun.  Traced  downward^  each  fillet,  at  about  tbe  level  of  the 
lower  end  of  tlie  pyramid,  bends  dorsally  and  mesially,  and  tben  fUOBt  of  its  fibres 
devuRHtite  across  tbe  middle  line  (raphe)  with  tbe  corresponding  fibres  of  tlie  oppo- 
mte  Jillet,  and  proceed  to  tbe  runeate  and  gracilm  nuclei  of  tbe  opposite  side,  in 
the  cells  of  which  they  terminate.  This  dt'cusgation  of  the  Jillet  is  dorsal  to  and 
above  the  decussation  of  tbe  pyramids.  The  remaining  fibres  of  each  fillet  are 
traceable  downward  on  the  same  side  to — (1)  tbe  lateral  traet  of  tbe  medulla, 
and  thence  to  the  anterodateral  i/rr^und  lamdh'  of  the  cord ;  (2)  a  few  fibres  run 
through  tbe  trapezium  of  the  pons  to  tbe  ventral  auditory  nucleus  of  the  opposite 
side- 

The  Posterior  Longitudinal  Bimdle.— Tbis  is  a  band  of  fibres  running  upward 
in  each  anterior  area  dorsal  to  the  Jillet.  Below,  its  fibres  are  continued  directly 
into  the  '^ '  la te ra I  Iraet^"  nntl  thence  i n to  t b e  ante ro -la te ra I  g rou n d  buM f. lie  of  the 
cord.  Both  this  and  the  fillet  are  continued  upward  into  the  pons  and  mid-brain, 
where  their  final  distribution  will  be  described. 

In  the  lateral  area  the  longitudinal  fibres  do  not  appear  in  any  well-marked 
bundles*  Those  on  each  side  of  and  in  front  of  the  olive  have  been  described. 
Those  dorsal  are  merely  indeterniinjite  fibres  of  the  formatio  reticularis  or  belong 
to  tbe  mtenial  areiform  Jihres  {see  page  710). 

In  tbe  pogterifjr  area^  besides'  the  indeterminate  fibres,  two  rather  distinct 
bundles  are  to  be  noted.  One  is  the  funieuhis  soUtariait,  and  the  other  the  ascend- 
VI f/  root  of  the  fifth  neree. 

The  Ascending  Root  of  the  Fifth  Nerve, — This  is  seeii  on  section  (Fig.  417) 
to  lie  just  external  to  tbe  gray  matter  of  the  tulierele  of  Rolando  and  dorsal  to 
the  issuing  root-bundies  of  tbe  vagus.  Lower  down,  its  fibres  may  take  origin 
from  tbe  cells  of  the  tubercle  of  Rolando,  but  this  is  considered  doubtful. 
Passing  upward,  tbis  root  enters  the  pons,  and  contribiJtes  most  of  the  fibres  of 
the  regular  sensor t/  root  of  tbe  fifth  nerve  (see  page  722). 

TheFuniculnB  Solitarius. — This  lies  just  ventral  to  tbe  principal  nuclei  of  the 
vagus  and  glossopharyngeal  nerves.  It  is  round  on  section,  and  is  surrounded 
by  gray  matter.  Traced  downward,  tbis  bundle  gradually  disappears  ;  u|>ward, 
its  fibres  join  with  tbe  roots  of  origin  of  the  ninth  and  tenth,  especially  the 
former.  It  may  thus  be  regarded  somewhat  as  an  '' ascending  root '*  of  these 
nerves. 

Transverse  and  Dorso-ventral  Fibres.— Tbe  transverse  fibres  are  found  chiefly 
in  the  formatio  reticularis  of  the  upper  half  of  the  medulla.  Of  these  the  most 
important— or,  rather,  those  which  have  been  more  or  less  definitely  traced — are 
known  as  exfermil  and  internal  arciform  fibres. 

The  external  arciform  fibres  have  already  been  described  on  the  surface  of  th^ 
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medulla  (see  page  712).     They  join  the  restiform  body,  and  emerge  from  the 

anterior  median  fissure.  Traced  backward  into  the  fissure,  they  enter  the  raphe^ 
crosa  over  the  median  line,  still  in  the  raphe,  and  then  bend  upward  and  become 
longitudinal  after  which  their  course  is  not  traceable.  As  these  fibres  emerge 
from  between  the  pyramids  a  few  fibres  from  each  pyramid  are  said  to  join  with 
them.  As  they  pass  across  the  ventro-lateral  groove  and  olive  they  are  joined 
by  some  of  the  intt^rnal  arciforni  fibres  (see  below).  *Scatiered  amongst  these 
fibres,  or  between  them  and  adjacent  parts  of  the  medulla,  are  small  masses  of 
gray  matter  with  nerve-cells.  These  masses  are  the  nuclei  of  the  external  arci- 
form  fibres.     T!ie  largest  on  each  side  is  ventral  to  the  pyramid* 

The  Internal  or  Deep  Arciform  Fibres. — A  portion  of  these  have  already  been 
mentioned.  Traced  upward,  they  start  from  the  nuclei  of  the  fframlu  and  euneaie 
eolumnSy  and  then  constitute  the  decussation  of  the  fiilet  (see  page  718),  The 
remainder  of  the  internal  arciform  fibres  are  known  as  the  olivan/  pedunrie  (see 
page  715).  The  fibres  of  this  peduncle  decussate  across  the  median  line  (through 
the  raphe)  with  those  of  the  opposite  peduncle.  It  must  be  remembered  that 
this  peduncle,  as  a  whole,  is  really  a  lamina  of  an  per  imposed  transversely  nm- 
ning  fibres,  and  not  the  mere  bundle  it  appears  to  be  on  section.  Traced  from 
one  side  to  the  other,  they  start  from  the  cells  in  the  gray  matter  of  the  olivart/ 
7iucleu»  (see  page  715),  and  pass  mesially  out  through  the  liilnm.  They  then 
decussate,  as  above  mentioned,  with  the  opposite  peduncle,  an<l  enter,  through 
its  hilum,  the  opposite  olivary  nucleus*  Here  they  diverge  as  they  approach  the 
gray  lamina  of  the  nucleus,  and  proceed  in  different  directions,  after  passing 
through  the  lamina.  This  '*  passing  through  "  the  lamina  is  not  true  for  all  the 
fibres,  for  some  end  in  the  nuclei,  which  in  their  turn  give  rise  to  new  fibres 
which  continue  the  course  of  the  old  ones.  On  *' passing  through/'  then,  the 
lamina,  the  most  posterior  fibres  run  backward  through  the  lateral  area  and  join 
the  restiform  body,  and  thus  reach  the  cerebellum ;  the  uppermost  pass  upward  as 
longitudinal  fibres  in  the  formatio  reticularis  of  the  lateral  area  (see  page  718), 
and  have  been  traced  on  up  to  the  cerebral  hemisphere  of  the  same  side;  tbe 
more  mtterior  fibres  run  between  the  longitudinal  fibres  on  the  surface  of  the 
olive  or  between  those  in  the  grooves  on  each  side  of  the  olive,  and  there  bend 
backward  and  join  the  external  arciform  fibres,  and  are  continued  to  the  restiform 
body  and  cerebellum. 

The  Raphe.— The  raphe  is  situated  in  the  middle  line  of  the  medulla,  above 
the  decussation  of  the  pyramids.  It  consists  of  nerve-fibres  intermingled  with 
nerve-cells.  The  fibres  have  diflerent  directions  which  can  only  he  seen  in  suitable 
microscopic  sections;  thus: 

1.  Some  tire  dorso-ventral ;  these  are  continuous  ventrally  with  the  superficial 
arciform  fibres,  and  dorsally  with  fibres  from  the  striie  acusticje. 

2,  Some  are  longitudinal ;  these  are  derived  from  the  arciform  fibres,  both 
sets,  which  on  entering  tbe  raphe  change  their  direction  and  become  longitudinal, 

8.  Some  are  oblique  ;  these  are  continuous  with  the  deep  arciform  fibres  which 
pass  from  the  raphe. 

Some  of  the  fibres  of  the  raphe  arise  from  the  nuclei  ventral  to  the  floor  of 
the  fourth   ventricle. 

THE  PONS  VAEOLH  (Figs.  415,  416). 

The  pons  Varolii  is  the  ventral  portion  of  the  hind-hrain,  the  dorsal  portion 
being  the  cerebeUum,  The  pons  is  in  direct  continuity  below  with  tbe  medulla y 
all  the  longitudinal  fibres  of  each  being  directly  continnons  from  one  to  the 
other*  with  the  exceptions  of  the  restiform  bodies  of  the  medulla,  which  go  to  the 
cerebellum  (inferior  peduncles),  and  the  superior  peduncles  of  the  cerebellum, 
whicb,  as  will  be  seen,  belong  to  the  structure  of  the  pons,  after  they  leave  or 
before  they  enter,  acconling  as  they  are  Iraced,  the  cerebellum. 

The  pons  is  about  one  inch  long,  and  somewhat  more  in  width.  Dorso- 
ventrally,  it  is  about  three-fourths  of  an  inch  (17-18  mm.),  hence  its  thickness  is 
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greater  than  that  of  the  medulla.  There  nxefour  surfaces  to  the  pons — superior, 
inferior,  veiiiraU  and  dorsal ;  the  two  latter  are  free.  The  superior  and  infenor 
»iirfiu*es  are  seen  only  on  scctiou,  the  former  being  attached,  by  direct  continuation 
of  fibres,  to  the  mid-brain,  while  the  latter  is  similarly  attached  to  the  medulla. 

The  ventral  surface  is  markedly  eojwejc  from  side  to  side ;  it  rests  upon  the 
grooved  dorsal  f*urffice  of  the  dorsum  geiliF  of  the  body  of  the  sphenoid  bone.  It 
presents  along  the  middle  line  a  longitudinal  groove,  wider  in  front  than  behind, 
which  lodges  the  basilar  artery.  This  surface  consists  entirely  of  a  rather  thick 
layer  of  well-marked  transversely  running  fibres,  extending  across  the  median 
groove  from  side  to  side.  The  lowermost  tibres  slightly  overlap  the  upper  ends 
of  the  pyramids  and  cross  over  the  extreme  upper  end  of  the  anterior  median 
fissure-  The  uppennomt  fibres,  similarly  hut  to  a  greater  extent,  overlap  the 
lower  part  of  the  ventral  surface  of  the  mid-brain  (crura  cerebri  or  crusta?). 
Hence  it  follows  that  this  surface  has  an  upper  and  lower  curved  free  margin, 
and  each  somewhat  rouufled  and  distinct  from  the  medulla  on  the  one  hand  and 
the  crura  cerebri  on  the  other,  and  that  these  margins  have  nothing  to  do  with 
the  respective  atfacheil  surfaces  of  the  pons.  Furthermore,  after  crossing  the 
middle  line  the  superior  fibres  bend  downward  and  the  inferior  upward.  The 
middle  fibres  are  exactly  transverse;  hence  their  extremities  arc  overlapped  by 
those  of  the  other  two  sets.  The  e.rtrcmitieg  of  all  these  sets  of  fibres  are  seen, 
in  horizontal  section,  on  the  dorsal  aspect  of  the  pons,  and  they  here  form, 
together  with  other  transverse  fibres  coming  from  the  deep  part  of  the  pons,  a 
large  rounded  bundle  of  fibres  on  each  side,  which  is  directed  dorsal ly  into  the 
cerebellum,  and  is  known  as  the  middle  peduncle  of  the  cerebellum  of  the  corre- 
sponding side.  Owing  to  its  prominence  this  surface  is  often  called  the  tuber 
annutarc. 

The  dorsal  surface  of  the  pons  is  almost  flat,  and,  though  free,  is  concealed 
from  above  by  the  cerebellum.  It  is  divided  into  a  mesial  and  two  lateral  por- 
tions. Each  lateral  port  ion  is  raised  up  somewhat  frotu  the  mesial,  and  is  seen 
to  be  a  rather  broad,  flat  hand  of  white  fibres.  These  bands  are  not  parallel,  but 
ennverge  from  btdow  upward.  Superiorly,  the  fibres  of  each  are  continued  into 
the  mid-brain;  inferiorly,  they  pass  into  the  cerebellum.  These  bands  are  the 
superior  peduncles  of  the  cerebellum.  Besides  being  raised  from  the  mesial  por- 
tion, each  of  these  peduncles  oi^erhanfj»  it  a  little  by  its  inner  margin.  Between 
the  inner  margins  of  these  peduncles  stretches  a  delicate  layer  of  white  matter 
(valve  of  Vieussens)  roofing  over  the  following : 

The  mesial  portion  of  the  dorsal  surface  of  the  pons  is  the  upper  half  of  the 
floor  of  the  fourth  ventricle.  Like  the  lower  half  {^ee  page  711),  it  is  triangular 
in  shape,  but  its  apex  is  upward.  Its  base  corresponds  to  that  of  the  lower  or 
meduUarff  half  As  these  two  portions  of  the  floor  of  the  ventricle  run  into  each 
other  without  any  line  of  demarkation,  it  follows  that  the  entire  floor  of  th^  fourth 
ventricle  is  rhomboidal  or  diamond-shaped.  The  widest  part  of  the  floor  is  the 
line  of  union  of  the  two  banes  of  the  triangles,  and,  if  this  line  is  continued 
ventrally,  it  will  be  found  to  run  close  along  the  lower  free  margin  of  the  tuber 
muudare  (ventral  surface  of  pons).  The  floor,  as  a  whole,  will  be  described  after 
the  description  of  the  pons  is  completed. 

Relations  of  the  Cerebellar  Peduncles  to  Each  Other.— If  the  cerebellum  be 
removed  from  the  pons  and  medulla  by  cutting  through  the  three  peduncles  on 
each  side  close  to  the  pons  and  medulla,  it  will  be  found  that  the  cut  ends  are 
all  grouped  together  in  an  area  immediately  external  to  the  widest  part  of  the 
floor  of  the  ventricle.  In  this  group  the  cut  end  of  the  middle  is  external  to  the 
cut  ends  of  the  superior  and  inferior  peduncles,  which  here  are  in  contact  (see 
Fig.  41tl). 

Beep  Portion  of  the  Pons. — This  is  comprised  between  the  dorsal  and  ventral 
surfaces.  It  is  made  up  of  both  longitudinal  and  transverse  fibres  and  gray 
matter.  The  longitudinal  and  transverse  fibres  in  each  lateral  half  of  the  pons 
are  arranged  in  two  groups,  ventral  and  dorsal. 
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The  ventral  longitudinal  fihres  are  placed  just  dorsal  to,  and  are  coDcealed 

from  below  by,  the  transverse  fibres  of  tbe  ventral  surface  just  described.  They 
are  the  direct  continuations  of  the  fibres  of  the  in/ramul.  Each  of  these  pyram* 
idal  bundles  soon  after  entering  the  pons  breaks  up  into  smaller  bundles  which*! 
are  intersected  by  certain  tranavenn*  fibres  (see  below).  Superiorly,  they  are 
continued  upward  into  the  crusta  of  the  mid-brain*  These  fibres  lie  on  each  side 
of  tlie  midille  line,  itnd  cause  a  corresponding  bulging  of  the  tuber  annulare. 
Thus  is  produced  the  median  groove  (KitlcuJi  basilarisj  for  the  basilar  artery.  As 
they  pass  upward  through  the  pons  these  fibres  aresouiewbat  increased  in  number 
from  being  reinforced  by  fibres  derived  from  the  nerve-celis  in  the  ventral  trans- 
verse fibres  (see  below ). 

The  dornal  lonijituJifial  fibres  are  separated  by  quite  an  interval  from  the  pre- 
ceding. This  interval  is  filled  in  by  transverse  fibres,  especially  the  trapezium 
(see  below).  They  are  continued  ujjward  from  the  form  at  io  reticularis  of  the 
medulla,  and  among  them  are  especially  to  be  noted  the  ascendint/  root  of  the  Jiff fi 
nerue\  the  fillet ^  and  the  posterior  lomfittidinal  bundlf. 

The  Transverse  Fibres. —These  comprise  ventral  and  dor%aU  and  must  not  be 
confounded,  especially  the  former,  with  the  superfieial  transverse  fibres  of  the 
veiitntl  surfaee  (ttdfer  aimnfare)^  already  described.     These  transverse  fibres  now, 
under  discussion  belong  to  the  *'dcep  portion  "  of  the  pons,  dorml  to  those  of  the' 
ventral  surface. 

The  ventral  tramverse  fibres  of  the  deep  portion  of  the  pons  intersect  the 
bundles  of  the  ptframidal  fibres  (see  above),  and  then  curve  dorsally  and  join 
with  those  of  the  ventral  surfaee  to  make  up  the  middle  pedunele  of  the  cerebellum. 
These  transverse  fibres,  taken  together,  form  a  much  thicker  layer  than  the  super- 
ficial set,  and  contain  much  gray  matter  between  them.  Across  the  median  line, 
intersecting  or  dorsal  to  the  pyramidal  bundle,  thej^  meet  and  interlace  with 
those  coming  from  the  opposite  side.  Furthermore,  idl  of  these  fibres  do  not  join 
the  middle  peduncle,  many  of  them  joining  the  nerve-cells,  which  are  situated  iu 
the  gray  matter  (nuclei  puntis)  of  this  layer.  From  these  cells  other  fibres  are 
given  off  which  proceed  to  the  pyramidal  bundles  {see  above). 

The  dnrml  traunvLrae  fibres  of  the  deep  j)ortion  uf  tlie  pons,  especially  in  its 
lower  half,  are  collected  into  a  distinct  mass  called,  fnuu  its  shape,  the  trapezium. 

The  trapezium  is  situated  just  dorsal  to  the  pyramidal  bundles,  and  its  fibres 
proceed  laterally  on  each  side,  tapering  as  they  go,  until  they  reach  the  cells  (with 
which  they  become  connected)  of  the  ficct-.v^ory  (ventral)  auditory  nuckits{¥]g.  488), 
and,  through  this,  the  lateral  roof  of  the  auditory  nerve,  i^ome  of  the  fibres  of  the 
trapexium  are  connected  with  the  cells  of  the  Knperior  olivary  nucleus  (see  below), 
^^hich  lies  just  dorsally  on  each  side,  and  others  pass  to  the  fillet. 

The  Septum  or  Raphe.^*This  is  the  upward  prolongation  of  the  medullary 
raphe.  It  is  found  in  that  portion  of  the  pons  which  is  dorsal  to  the  trapezium, 
and  does  not  extend  to  the  ventral  surface  except  at  the  upper  and  lower  extrem- 
ities of  the  pons.  At  these  places  certain  of  the  raphe  fibres  pass  out  of  the 
median  line,  and  then  bend  laterally  to  join  with  antl  become  part  of  the  upper 
and  lower  margins,  respectively,  of  the  tuber  afinnlare.  It  follows,  therefore 
(see  page  720),  that  some  of  the  fibres  of  the  upper  margin  of  the  tuber  annulare 
actually  encircle  the  corresponding  cms  cerebri. 

The  Gray  Matter  of  the  Pons. — This  may  be  arranged  as  follows : 

(a)  The  nuclei  poutis,  which  are  small  umsses  of  gray  matter,  containing  small 
multipolar  nerve-cells,  ff*und  scattereil  between  the  bundles  of  the  ventral  trans- 
verBe  fibres  (see  above),  and  also  to  a  less  extent,  between  those  of  the  tuber 
annulare.  Some  of  the  fibres  of  the  latter  may  have  an  arrangement — i.  e.  inter- 
lacing and  taking  origin  from  these  nuclei — similar  to  that  already  described  as 
occurring  in  many  of  the  fibres  of  the  ventral  transveme  set. 

(b)  Gray  Matter  of  the  Formatio  Keticularia. — This  formatio,  as  before  stated, 
lies  dorsal  to  the  trapezium.  Its  gray  matter  comprises,  first,  its  own  gray 
matter — /.  e.  small  retieularly  arranged  masses  with  nerve-cells,  exactly  similar  to 
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those  of  the  formatio  reticularis  of  the  medulla.     Secondly,  and  more  important, 

a  groiip,  in  each  lateral  half,  of  much  more  distinct  nuclei,  some  of  which  are 

close  under  the  fitfor^  upper  Iiiiif,  of  the  fourth  ventricle,  while  olbcry  are  more 

[deeply,  as  well  as  latvraUif^  situated.     These  distinet  nuclei  merit,  each,  a  separate 

'  descr i p ti o n ,  as  ih  1 1  o wg  : 

The  Superior  Olivary  Nucleus* — This  is  a  mass  of  small  nerve-cells  situated 
just  dorsal  to  the  lateral  |>art  of  the  trape?Jum.  and  between  the  issuing  root- 
bundles  of  the  sixth  and  seventh  cranial  nerves.  Its  structure  is  similar  to  that 
of  the  iitferior  olivary  nucleus  of  the  medulla,  though  it  has  not  the  c*fpsular 
form  of  the  latter  (see  p.  715).  Its  cells  give  origin  to  some  of  the  fibres  of 
the  tnipezium  (see  p.  721),  and  these  fibres,  crossing  the  median  line,  pass  to  the 
accessory  auditory  nucleus  of  the  opposite  side  (see  p.  721). 

The  remaining  '*  distinct  *  nuclei  are  those  of  various  cranial  nerves:  One  of 
these  forms  the  nucleus  <  f  the  sensory  root  of  the  fifth  nerve;  a  second,  the 
nucleus  of  the  motor  part  of  the  same  nerve;  a  third,  the  nucleus  of  the  sixth 
nerve;  and  a  fourtfi,  the  nucleus  of  the  facial  nerve.  The  nuclei  of  the  auditory 
nerve  are  also  prolonged  upward  into  the  pons. 

Nuclei  of  the  Auditory  Nerve. — The  dorml  nucleus  (see  p.  716)  is  prolonged 
upward  into  the  pons,  beneath  tlie  upper  half  of  the  floor  of  the  ventricle,  where 
it  is  shifted  latendly  and  soon  tapers  away-  It  is  wi<lest  at  the  junction  between 
the  pons  and  medulla.  The  prntnfi  tir  accessory  nucleus  lies  entirely  external  to 
the  floor  of  the  ventricle,  and  rather  deejdy  in  the  formatio  reticularis  of  the 
pons).  Extremely  dorsal  to  it  is  the  u|i]jer  end  of  the  corresponding  inferior 
peduncle  (restifurm  hmlyj  of  the  cerebellum.  It  is  the  united  atrfa«t>ry  auditory 
nuefeus  of  the  medulla  and  nucleus  of  the  lateral  auditory  root  (see  p.  71  tl), 

Nucleus  of  the  Facial  Nerve,— The  nucleus  of  the  iten'uth  or  f*ieiai  nerve  lies 
deeply  in  the  substance  of  the  formatio  reticularis  of  the  pons  just  dorsal  to  the 
superior  olivary  nucleus.  The  Jflyrfi*  a^f  *fri)fin  of  the  facial  nerve  proceed  from 
this  nucleus  dormiU^  and  mrstfffhf  until  they  are  close  under  the  floor  of  the  ven- 
tricle, where  they  are  collected,  on  each  side,  into  a  rounded  bundle.  This 
bundle  now  runs  upward  (asf*endinfj  part  of  the  root)  for  a  short  ili stance  close  to 
the  median  line,  baving  beneath  it  the  nucleus  of  the  sixth,  and  then  makes  a 
»harp  bendy  mrntro-faterallf/^  and  continues  its  course  in  this  direction  through  the 
substance  of  the  pons,  to  emerge  close  under  the  inferior  margin  of  the  tuber 
annulare  in  the  extreme  u|>[jer  end  of  the  dorgo-hiferal  medullary  groove. 

Nucleus  of  the  Sixth  Nerve.^ — This  is  situated  immediately  ventral  to  the  upper 
half  of  the  funirtdus  term  in  the  floor  of  the  ventricle.  It  is  external  to  and 
beneath  the  itHrendmtj  root  of  the  seventli,  just  described.  The  fibres  of  origin 
of  the  sixth  nerve  proceed  from  this  nncleu.s  ohlii|Uely  venfrfdJ/f  and  downward 
and  through  the  pons,  iind  emerge  at  the  hrwer  marfjhi  of  the  tuber  annulare  at  a 
point  corresponding  to  the  ufiper  end  of  the  ventro-lateral  medullary  groove  close 
to  the  pyramid. 

Nuclei  of  the  Fiftli  Nerve. — Tbe  motor  nueleus  is  higher  up  in  the  pons 
than  tbe  nucleus  of  the  Hfventh  nerve,  but  is  about  on  the  same  line*  It  is, 
furthermore,  nearer  the  surface  of  the  floor  of  the  ventricle,  being  just  ventral 
to  the  hteral  margin  of  the  latter.  The  Aenstrri/  iiHeh'tts  is  larger  tlian  the  motor 
and  lies  to  its  outer  side.  It  would  therefore  lie  beneath  the  superior  peduncle 
of  the  cerebellum,  and  be  outside  of  the  limits  of  the  floor  of  the  ventricle.  The 
cells  of  this  nucleus  are,  however,  smaller  thnn  those  of  the  motor.  Special  fibres 
are  seen  to  ]>ass  from  each  of  these  nuclei  to  the  raphe  of  tbr  pons,  but  tbe  reg- 
ular fibres  are  those  of  the  root-bundlcs  of  the  motor  and  Benmrj^  roota^  respect- 
ively, of  tbe  fifth  nerve.  These  root-bumlles  proceed  ventrally  and  somewhat 
laterally  through  the  substance  of  the  pons,  and  emerge  on  the  surface  of  the 
tuber  annulare,  nearer  its  superior  than  its  inferior  margin,  and  having  between 
them  some  of  its  transverse  fibres.  All  the  fibres  of  each  of  these  roots  do  not 
come,  however,  from  its  respective  nucleus,  for,  if  traced  inward  or  dorsallt/^ 
each  root  is  seen  to  divide,  just  before  reaching  its  nucleus,  into  two  bundles,  the 
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Bmaller  of  which,  in  each  case,  goes  to  the  nucleuSn  while  the  other  takes  a  dis- 
tinct course,  difT'cring  for  the  two  roots,  thus:  The  ''non-nuclear*'  division  of  the 
motor  root  pai*ses  upward  as  a  distinct  bundle  through  the  dorsal  part  of  the  pons 
and  into  the  mid-brain,  where  its  fibres  terminate  in  a  group  of  large  nerve-cells 
situated  in  the  gray  matter  on  the  side  of  the  aqueduvt  of  SylrnuH,  This  is  the 
so-called  deseemluHj  root  of  the  hfth  nerve.  The  **  non-nuclear  "  division  of  the 
sensory  root  is  the  ao-called  tucendinff  root  of  the  fifth  nerve,  already  sufficiently 
described. 

Floor  of  the  Fourth  Ventricle  (Fig.  423). 

As  already  stated,  the  floor  of  the  fourth  ventricle  is  made  up  of  the  mesial 
partton»  of  the  dorml  surfaces  of,  the  pons  V^arolii  above  and  upper  half  of  the 
medulla  oblongata  below.  It  is  lozenge-  or  diamond-shaped ;  that  is  to  say,  it  is 
composed  of  two  triangles,  with  their  bases  opposed  to  each  other.  Hence  it  is 
often  called  the  fossa  rkombokiafis. 

The  lower  triangle  is  formed  by  the  divergence  of  the  clavte  of  the  funiculi 
graciles  and  the  restiform  bodies.     These  columns  pass  upward  and  outward  at  an 
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Fro.  428— Floor  of  Ihe  fourth  venlrkle.    (Henle  ) 

acute  angle,  leaving  by  their  divergence  a  triangular  space  which  forms  the  lower 
half  of  tbe  Hoor  of  the  fourth  ventricle.  In  like  manner  tLe  upper  triangle  is 
formed  by  the  divergence  of  the  superior  peduncles  of  the  cerebellum.  These, 
traced  downward,  lu^  they  emerge  from  beneath  the  corpora  t|uadrigeniiua  of  the 
mid-hrain,  are  almost  in  :ontact  by  their  inner  margins,  but  they  gradually 
diverge,  passing  downward,  haekwarrl,  and  outwani,  to  reach  the  cerebellum,  thus 
enclosing  a  triangular  space  which  forms  the  upper  half  of  the  floor  of  the  fourth 
ventricle. 

The  floor  presents /owr  angles.  The  upper  mifjle  reaches  as  high  as  the  upper 
border  of  the  pons ;  it  presents  the  lower  opening  of  the  aqueduct  of  Sylvius,  by 
which  this  ventricle  com  muni  rates  witb  the  third  ventricle.  The  iofi^er  anf/fe  is 
the  angle  of  divergence  of  the  clavjc,  and  is  about  on  a  level  with  the  lower 
end  of  the  olivary  body  It  presents  a  minute  opening,  the  aperture  of  the 
central  canal  of  the  spinal  cord. 

The  two  hifn-al  angles  are  situated  each  at  an  end  of  the  conjoined  bases  of 
the  triangles.  The  distance  between  them  is  the  widest  part  of  the  floor.  Each 
lateral  angle  is  also  the  point  of  the  *^  coming  together'' of  the  superior  and 
inferior  peduncle  (restiform  botly)  just  as  they  pass  into  the  cerebellum. 

In  the  median  line  of  the  floor  is  a  longitudinal  groove  which  extends  between 
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the  upper  ami  lower  angles,  Frniii  the  fimriiMl  resemblance  ia  the  combined 
lower  end  of  thin  groove  tmd  lower  angle,  to  the  nib  of  a  writing  pen,  this  lower 
angle  has  been  named  the  ralamuH  ficriptorius. 

On  each  side  of  the  median  hssure  are  two  spindle-shaped  longitutiinal  emi- 
nencefJi,  the  fasciculi  or  funiculi  teretes;  tliey  extend  the  entire  length  of  the  tloor. 
Each  eminenee  consists  of  white  filires,  and  is  due  to  a  portion  of  the  base  of  the 
anterior  cornn  of  gray  matter  of  the  cord  which  comes  to  the  surface  of  the  floor 
of  the  fourth  ventricle  after  the  central  canal  of  the  spinal  cord  hits  opened  out 
into  this  cavity,  This  gray  matter  of  the  *^base  of  the  anterior  cornu  "  now 
constitutes  the  uuch'i  ({f  orltfin  of  the  h^poijhmal  and  aiiih  cranial  nerves.  The 
white  fibres  of  the  funiculus  teres  are  partially  those  of  the  "'ascending  part'*  of 
the  root  of  the  seventh  nerve  (see  page  722)  and  those  of  the  format lo  reticularis 
of  the  posterior  ^^-area*'  of  the  medulla. 

The  widest  part  of  the  floor  of  tlie  ventricle  is  crossed  by  several  white  trans- 
verse lines,  ImetF  tranHvennf'^  auJiton/  striff,  or  striae  acusticae ;  they  emerge  from 
the  posterior  median  fissure,  and,  passing  over  the  fasciculus  teres  of  the  same 
side,  some  of  the  fibres  enter  the  Ifitcral  root  of  origin  of  the  auditory  nerve, 
wliile  others  may  be  traced  to  the  flocculus  of  the  cerehellum.  Ventrally,  through 
the  posterior  median  fissure,  these  fibres  are  traceable  to  the  raphe. 

Below  these  striii3,  on  each  side,  and  external  to  the  f^isciculus  teres,  is  a  little 
fossa,  called  the  fof^ta  iiiff  rior  :  while  above,  similarly  placed,  is  a  fossa,  called 
the  fovea  superior.  Extt-^nding  upward  to  the  top  of  the  ventricle  from  each 
superior  fovea  is  a  shallow  groove ;  this  groove  is  called  the  loruH  ea^niltiuit^  which 
presents  a  bluish  tint  through  the  thin  stratum  covering  it.  This  tint  is  due  to 
an  underlying  stratum  of  pigmented  nerve-cells  (substmitia  ferruginea).  The 
locus  coemleuB  lies  along  the  extreme  lateral  limit  of  the  upper  half  of  the  floor  of 
the  ventricle,  and  hence  converges  upward  toward  its  fellow  of  the  opposite  side, 
it  is  slightly  overhung  by  the  inner  margin  of  the  cerebellar  superior  peduncle. 
Just  ventral  to  the  Iogus  fwrnleus  in  the  substance  of  the  pons  is  the  motor 
nut'h'un  of  the  fifth  nerve  (see  page  7-2). 

The  fovea  inferior  ia  the  depressed  apex,  which  is  directed  upward,  of  a  tri- 
angular area.  The^w>r  of  this  triangalar  area  is  darker  m  color  than  the  rest 
of  the  floor  of  the  ventricle;  hence  it  is  called  tlie  ala  cinerea*  The  base,  being 
elevated  in  conscipH-nce  of  the  depression  of  the  ape\',  is  known  as  the  eminentia 
cinerea-  The  triangular  area  itself,  as  a  whole,  including  inferior  fovea  (apex), 
ala  cinerea  (floor),  and  eminentia  cinerea  (base),  is  known  a.s  the  trigonum  va^. 
Immediately  ventral  to  this  trigonnm  is  the  tmeleus  of  origin  of  the  vagus,  and 
at  the  apex   is  that  of  the  glossopharyngeat  nerve. 

Between  the  trigvtuau  va<^i  and  the  mesial  groove  is  the  hwvr  half  of  the 
fHitkulnn  tere».  This  is  triangular  in  shape*  its  haM*  turned  upward  toward  the 
striic  acustica;.  This  lower  half  of  the  funiculus  teres  is  the  tri^OEum  hypogloBsi. 
Ventral  to  it  is  the  nucleus  of  origin  of  the  hypoglossal  nerve. 

Between  the  triijoniun  vafii  and  the  restiforra  body  is  another  triangular  area, 
whose  base  is  also  directetl  upward,  and  across  which  the  &trii<!  acnsticie  pass. 
This  area  is  the  trigonum  acustici.  On  its  base  is  a  slight  eminence,  the  tuher- 
eiilum  ftt^ii^ticum.  \'entral  to  this  trigonnm  and  tubercle  ts  the  iiorMai  niicleu»  of 
the  auditory  nerve. 

Between  the  supenor  fovea  (a,ho\e  the  striLe  acusticaB)  and  the  middle  groove  is 
the  upper  haif  of  the  fununiluit  teres.  Just  ventral  to  this,  but  not  close  to  the 
middle  line,  is  the  nuclruii  of  origin  of  the  sixth  nerve,  while  the  superwr  fovea 
itself  maybe  taken  as  indicating  the  position  of  the  uuei^UA  of  the  seventh  nerve, 
which T  however,  is  quite  deeply  situated  in  the  pons  (see  page  722), 

THE  CEEEBELLUM, 
The  cerebellum,  together  with   the  pons  Varolii,  forms  the  htnd'bram.     It  is, 
morphologically,  the  enormously  thickened  and  hypertrojdiied  middle  portion  of 
the  brain-matter  forming  the  roof  of  that  part  of  the  brain-cavitj  known  as  the 
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FKi.  4'i4.—l>liiKrfun  showing  developmeni 
of  eertrbellum.  e:  .4.  n  iitnple  tbickcmng  of 
the  ruof ;  IT.  more  Ailly  Advnnced.    (Gegen- 


fourth  ventricle  {Fig.  424),    of  which   the  ventral  boundaries  are,   as  already 

described,   parts  of  the  dorsal  sarfaces  of  the 
poDs  and  medulla  (after- bra  in). 

The  tereheUum  is  contained  in  the  inferior 
occipital  tbssj^e.  It  is  situated  beneath  the  oc- 
cipital lubes  of  the  cerebrum,  from  which  it  is 
separated  by  the  tentorium.  In  form  the  cere- 
bellum is  oblouf^,  *ind  flattened  from  above 
downward,  its  great  diameter  being  from  side 
to  side-  It  measures  from  three  and  a  half  to 
four  inches  (10  centimetres)  transversely,  and 
from  two  to  two  and  a  balf  inches  from  before 
backward,  bemg  about  two  inches  tbick  in  the  centre  and  about  six  lines  at  the 
circumference,  which  is  the  thinnest  part.  It  consists  of  gray  and  white  matter; 
the  former,  darker  than  that  of  the  cerebrum,  occupies  the  t^nrfaec  ;  the  latter, 
the  interior.  The  surface  of  the  cerebellum  is  not  convoluted  like  the  cerebnim, 
but  traversed  by  numerous  curved  furrows  or  sulci,  which  vary  in  depth  at  dif- 
ferent parts,  and  separate  the  lamiiui^  of  which  its  exterior  is  composed. 

Weight  of  the  Cerebellum. — Its  average  weight  in  the  male  is  5  ozs-  4  drs.  It 
attains  its  maximum  weight  between  the  twenty-fifth  and  fortieth  year,  its  increase 
in  weight  after  the  fourteenth  year  being  relatively  greater  in  the  female  than  in 
the  male.  The  proportion  between  the  cerebellum  and  cerebrum  is,  in  the  male, 
as  1  to  8^,  and  in  the  female,  as  1  to  SJ.  In  the  infant  the  cerebellum  is  propor- 
tionately much  smaller  than  in  the  adult,  the  relation  between  it  and  the  cerebrum 
being,  according  to  Chaussier,  between  1  to  13  and  1  to  -0;  by  Cruveilhier  the 
profiortion  was  found  to  be  1  to  20. 

Main  Lobes  of  tlie  Cerebellum* — The  cerebellum  is  divided  into  three  large 
lobes,  a  middle  and  two  laterah  The  middle  lobe  is  the  worm,  and  the  two  lateral 
are  the  bemispherea.  These  lobes  are  not  separable  from  each  other,  being  joined 
together  by  their  sides.     Hence  the  upper  surface  of  the  cerebellum,  as  a  wboie* 


Fig.  425.— L.pper  surface  of  cerebellum,  v  I     (Clegenbaur. » 


ia  the  upper  surfaces  of  the  two  hemispheres  connected  in  the  middle  line  by  the 
upper  surfaee  of  the  worm,,  which  last  appears  as  a  slightly  elevated  narrow  ridge, 
about  1  centimetre  wide,  from  which  the  upper  surfaces  of  the  he}fmpkere8  slope 
away  laterally  and  posteriorly,  and  are  therefore  flattened  or  slightly  concave 
(Fig.  425).  The  ittferior  gttrfareM  (Fig.  420)  of  the  hemispheres  are  markedly 
convex  both  from  before  backward  and  from  side  to  side.  In  the  middle  line  they 
partially  overlap  and  conceal  the  iftferior  ttifrfat't'  of  the  worm  :  but  on  separating 
them — which  can  be  done  to  a  certain  degree  without  tearing  any  tissue — the 
entire  inferior  surface  of  the  worm  is  brought  into  view.     This  is  far  more  dis- 
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tinct  than  the  upper  surface,  atnl  lins  on  ofieli  side  of  it,  niarkitirr  it  off  from  the 
hemiBpliero,  ii  dap  tfroove  whieli  runs  autero-posterioriy.  The  inferior  surfitce  of 
the  worm  can  he  sieen  as  a  whole  only  after  removal  of  the  pons  and  medulla. 
The  space  or  fossa  hetween  the  inferior  surfaces  of  the  hemisphere's  and  which  con- 
tains the  inferior  worm,  is  called  the  vafieeuia,  and  tlie  firoovcn  above  mentioned, 
one  on  each  side  of  the  lower  Burface  of  the  worm,  are  known  as  the  mih4  vaVee^ 
uhe.  The  upper  or  an  ten  or  part  of  the  vallecula  lies  dorsal  to  the  medulla,  and 
is  continued  upward  into  the  anteriur  cerebellar  notch  ;   the  lower  or  po&terior 
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Great  Morit.  FUmf* 
Fig  42G.— Cadfir  surfucc  of  the  wrebellum. 

part  contains  the  lower  portion  of  the  falx  cerebelli,  and  is  continued  into  the 
pttaterior  cert^lttllar  notch  (see  below). 

Althouf^h  in  the  adult  human  brain  each  hemisphere  is  much  larjLrer  than  the 
worm,  still  the  latter  is  mor]>hologically  the  more  important,  being  the  part  first 
developed  in  mammals,  and,  in  many  of  them  lower  than  man,  constituting  a  large 
median  lobe  quite  distinct  from  the  liemiajiheres.  Furthermore,  in  fishes  and 
reptiles  it  is  the  only  part  which  exists,  the  hemispheres  being  additions  and 
i^ attaining  their  maximum  size  in  man. 

The  Notches  of  the  Cerebellum^ — The  hemispheres  are  separated  in  front  in  the 
middle  line  by  a  deep  notelu  the  ffftdrtor  verchcHar  notch  {incisura  cerebelli  atite- 
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Fm.  i27.-— tT|»|>er  surface  uf  the  cerebeUtim. 


rior\  and  also  behind  (similarly)  by  a  Bmaller  notch,  posterior  cerebellar  notch 
iffunsura  cerebelli po^terhr)  (Fig.  427)-     The  anterior  nt>tch  is  much  wider,  and 
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its  aides  are  much  more  curved,  than  those  of  the  posterior.  This  notch  is  really 
the  di-eply  hollowcd-out  **  anterior  margin  **  of  the  cerebellum.  It  lies  close  to  the 
pons  and  upper  part  of  the  medulla,  while  the  upper  edtje  of  the  notch  extendi  to 
€r  encircles  the  posterior  pair  of  corpora  quadrigemina  of  the  mid-brain.  This 
edge  can  be  raised,  however,  and  then  can  be  seen  the  superior  cerebellar  pedun- 
cles and  valve  of  Vieussens  (see  below).  The  postrrior  notch  is  free.  When 
within  the  cranium  it  contains  the  upper  part  of  the  falx  cerebelli.  The  sidcjt  of 
each  itoteh  are  formed  by  the  respective  hemispheres,  while  the  bottom  of  each 
notch^  or  its  centrey  is  the  anterior  and  posterior  extremity^  respectively,  of  the 
worm. 

The  Husures  of  the  cerebellum  are  very  numerous  and  dip  deeply  into  its 
substance.  Of  these  the  largest  and  deepest  is  the  great  horizontal  fissure. 
This  passes  completely  around  the  cerebellum,  forming  its  circumference  as  it 
were,  and  its  plane  is  horizontal.  As  it  crosses  the  median  line,  in  front  and 
behinfl,  it  cuts  into  the  rtspectur  ertremitit^if  of  the  worm,  and  splits  tlie  sides 
of  each  of  the  nateheB  as  well  (see  above).  Hence  this  fissure  divides  each  hemi- 
sphere and  the  worm  {the  entire  cerebellum)  into  an  upper  and  a  lower  half.  The 
edges  and  sides  of  this  fissure  are  everywhere  in  contact,  and  lined  by  gray  mat* 
ter,  eirrpf  where  it  runs  across  the  antrrior  cerebellar  notcft^  where  its  edges, 
upper  and  lower,  are  separated  by  the  passage  between  them  of  the  ivhite  ^natter 
of  the  cerebellum. 

All  the  remaining  fissures  of  the  cerebellum  are  lined  by  gray  matter;  their 
edges  are  everywhere  in  contact,  and  the}^  ali  terminate,  by  one  extremity  at  least, 
in  the  great  horizontal  fissure  (see  below  for  further  details  of  these  fissures). 

The  Worm, — This,  as  already  stated,  is  the  tuiddle  lobe  of  the  cerebellum.  It 
has  an  upper  and  a  lower  surface,  and  two  extremities,  anterior  and  posterior. 
The  upper  surface  is  called  either  the  superior  vermiform  process  or  the  upper 
worm  ;  and  the  lower  surface,  either  the  inferior  vermiform  process  or  the  lower 
worm.  Its  sides  are  attached  directly  to  the  mesial  sides  of  the  hemispheres,  and 
are  not  seen  except  on  section.  Each  extremity  is  divided  by  that  portion  of  the 
great  horizontal  fissure  which  dips  into  the  corresponding  « of t7<  into  an  upper  and 
a  lower  half.  Hence  each  of  these  ftnf trior  futlres  is  the  anterior  extremity, 
respectively,  of  the  upper  and  lower  worm  ;  and  each  posterior  half  is,  similarly, 
the  postt^rvir  ejtremitjf  of  the  corresponding  worm.  The  horizontal  fissure  does 
not  dip  into  the  extremities  of  the  worm  nearly  so  deeply  as  it  does  into  the 
marffiti  of  the  hemispheres. 

Each  surface  of  the  worm,  or  the  upper  and  lower  worm  respectively,  is  sub* 
divided  into  iohuks  by  transversely  directed  fissures  which  are  continued  laterally 
into  and  across  the  corresponding  surfaces  of  the  hemisphere  to  the  margin,  v\here 
they  terminate  in  the  great  horizontal  fissure.  Hence  any  two  of  these  fissures 
contain  between  them  a  lohule  of  the  tipper  or  lo?ter  irorm  in  the  middle,  and, 
laterally,  a  portion  of  the  corresponding  surfaces  of  the  hemispheres.  These 
fissures  are  known  as  inlvrlobular  fissure's. 

The  Hemispheres. — ^Each  hemisphere  has  a  nide,  an  upper  sHrf4t€e,  a  lower  sur- 
face^ and  a  marf/in.  The  side  of  each  is  directly  attached  to  the  corresponding 
side  of  the  worm.  The  mtin/iM  is  curved  and  extends  around  from  the  side  of 
the  posterior  exiremify  of  the  worm  to  the  corresponding  side  of  the  anterior 
extremity  of  the  worm.  Hence  in  the  notches  this  margin  is  the  same  thing  as 
the  side  of  the  notch.  The  margins  of  both  hemis])heres,  together  with  both 
extremities  of  the  worm,  contain  X\ie  tfreat  horizunial  fissure — i,  t\  the  upper  edye 
of  the  fissure  is  made  up  of  the  anterior  extremity  of  the  upper  worm,  the  maryin 
of  the  upper  half  of  one  hemisphere,  the  pttsferior  extremity  of  the  upper  worm, 
the  margin  of  the  upper  half  of  the  other  hemisphere.  The  lower  edye  of  the 
fissure  is  similarly  made  up. 

The  surfaces,  both  lower  and  upper,  are.  like  those  of  the  worm,  subdivided 
into  lobules  by  the  lateral  prolongations  of  the  interlobular  fissures,  already  men- 
tioned.    On  the  upper  surface  of  each   hemisphere  these  fissures  are  disposed 
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quite  regularly  and  with  a  tlireution,  somewhat  curved,  concavity  forward,  whicb 
is  outward  and  forward.  On  the  Inwer  surface  the  mterlohnhir  jiMurei*  have  not 
such  a  regular  arruuju'emeot,  hut  are  tnwch  more  curved,  concavity  forward,  the 
curve.'*  being  greater  in  t[M*se  phiced  anteriorly* 

The  general  outline  of  each  surface  has  already  been  mentioned. 

Upper  Si'RFace  of  Worm  and  IlEAihSPiiEREs,^ — Each  of  these,  as  already 
stated,  is  .subdivided  into  lobules  hy  the  intedobuhir  fissttreit.  There  are  five 
lobules  and  four  fissures  on  the  upper  surfaces  of  the  worm  and  hemispheres, 
which,   fro  m  h  cftjre  h  avkwa  rj,   a  re  as  f o  1  lo  w  s  ( F  i  g .  4  2  5 ) : 

Lobules  of  superior  wonn  :  Utiyula^  iobuhts  t'entraligy  culmtn^  cllvus,  folium 
cacuminis ;  lobules  of  liemiBph.%m  (upper  surfave) :  fr(^mdum,  aku  anterior  cres* 
centiv  lobule^  posffirwr  creseentic  lobule,  postero-^uperior  lobale. 

The  mttrlobuktr  fissurea  are  the  precentral^  the  post-central^  the  precUval,  and 
the  post-clival. 

The  complete  arrangement  is  as  follows :  On  each  side  of  the  lingula  is  the 
frfjmulum  :  these  three  lobtiles  are  separated  by  the  prcirntral  Jimurt'  from  the 
lobulus  ceniralh  with  its  ala  on  each  side.  These  three  are  in  turn  separated  by 
the  posf 'Central  fimure  from  the  culmen^  with  the  anterior  creaecntiv  lobule  on  each 
side.  Posteriorly  to  these  is  the  preclhal  fissure,  behind  which  are  the  eUrns  and 
iitfo  poster  tor  erewentie  lolndtn,  which  are  separated  by  the  po»t-cliral  finiittre  from 
the folmm  caeuminis  and  postero-auperior  lobuhis,  and  these  last  are  limited  below 
by  t h e  (/ rea t  h  o riz untu I  fns  u  re . 

Lower  Surface  of  Worm  and  HE^fISPI^ERE?, — The  htbules  of  each  of  these 
surfaces  are  four  in  number,  separated  by  three  fissures  (Fig.  42tj).  They  are, 
from  behind  forward,  as  follows : 

Lobules  of  mferior  worm  :  tuber  valvulce^  pi/ramid,  mmla,  noihiluit  ;  lobules  of 
bemisphere  (lower  surface) :  postero-ui/vrior  lobule,  dit/nstrie  lobule,  amtftjtfala  or 
tonsil,  fioveulusf- 

The  mterlobular  Jissares  are  the  post -noduhtr^  the  prepyramidaK  and  the  post- 
pyraniidaL 

The  complete  arrangement  is  as  follows ;  The  post-riodnlar  fissure  separates 
the  ftodulun  and  the  two  floeeult  in  front  from  the  t/i'ula  and  two  amt/i^dalcB 
behind;  the  /^/*t7>//rri^w/f/rt/  /f«^wrr  lies  between  the  three  last-mentioned  lobules, 
and  the  pi/rarnid  with  a  dffpj^tri'c  lobule  on  each  stde^  which  in  their  turn  are  sepa- 
rated by  the  po!it'p7framnlai  fi  if  sure  from  the  tuber  valrulu*  and  poiftero-mferior 
lobules,  while  between  these  last  and  the  folmm  cacumttm  and  posterO'Superior 
lobules  of  the  upper  surface  runs  the  t/reat  hortzoHtul  fissure,  which,  in  front,  also 
runs  between  the  Ungula  and  nod  it  I  us  and  their  prolongations. 

LoDULES  OF  THE  CEREBELLUM*— As  above  mentioned,  each  group  of  three 
lobules  (central  of  the  worm,  lateral  of  the  bemisphercs)  is  limited  either  by  two 
inter  lobular  fissures  or  by  one  suck  fissure  and  a  portion  of  the  i^rtat  horizontal 
Jissure.  Besides  these  there  are  other  smaller  fissures,  known  as  intralobular^ 
which  also  run  more  or  less  transversely  and  cut  up  each  lobule  into  still  smaller 
subdivisions  or  lfimiua\  and  w  hich  are  ijuite  irrcf^ularly  disposed,  especially  in  the 
hemisphere  lobules,  where  they  may  run  obliquely,  and,  many  of  them,  stop  short 
of  the  margin*  Furthermore,  the  lobules  vary  greatly  m  size  and,  on  the  under 
surface,  in  symmetry. 

The  atrticture  of  each  lobule  (Fig*  428)  is  seen,  on  an  antero- posterior  scctiou, 
to  consist  of  white  matter  surrounded  by  an  irregular  margin  of  gray  matter,  these 
irregularities  or  indentations  being  due  to  the  intralvbular  fissures ;  while  the 
inferlobular  fissures  art-  seen  to  be  deep  clefts  separating  the  lobules.  Hence  the 
cut  surface  of  each  lohule,  whether  of  worm  or  hemisphere,  looks  like  a  dcntated 
leaf  or  folium,  the  branching  stems  of  which  are  white  matter,  and  the  margins 
gray  matter;  which  last  is  also  continued  from  lobule  to  lobule  at  the  bottom  of 
each  fissure  (see  also  page  734)* 

On  the  other  hand,  should  the  cerebellum  be  aliced  from  side  to  side,  the  plane 
of  each  transverse  seetiun  corresponding  as  nearly  as  possible  to  that  of  each  inter' 
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lobular  fissure,  it  would  appear  that  each  group  of  tbree  lobwles  would  really  con- 
stitute a  single  lamuttt,  or  sheet,  of  trhite  matter  reaebing  from  margin  to  margin 
of  the  cerebeiluoi,  the  eentntl  part  (worm)  being  more  prominent  than  the  lateral 
portions  (hemispheres);  while  from  each  surface  of  this  lamina  would  appear  i;ro- 
jeciing  ridges  also  of  white  matter,  the  entire  lamina  and  ridges  being  coverea  by 


J 

Fio«  428.— Antero-poflterior  median  »eetton  of  Cbe  worm.    (Henle.) 

gray  matter.     The  spaces  between  the  riihje»  would  be,  of  course,  the  intralobular 
fissures^ 

The  Iiingula  and  Fraenula. — The  lingida  is  the  smallest  lobule  of  the  upper  worm 
(Figs.  428,  429,  430),  It  is  peculiar  from  all  the  other  lobules  in  that  its  cut 
surface  is  not  like  a  folium^  but  appears  merely  as  a  series  of  three  or  four 


OWriJi"*       Ij^i.  vffLtrnlii 
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Fig.  429.— AnterO'pofiteHormedldn  seetloa  of  the  uorni,  4dso  showio^;  fourib  vcntiiclet  Xl*   (Q«eetitwior.) 


small  elevations  on  the  dorsal  surface  of  a  layer  of  white  matter  {^valm  of 
Vieunaeiis)^  which  is  bere  emerging  from  the  middle  part  of  the  great  hori- 
zontal fissure  at  the  bottom  of  the  anterior  cerebellar  notch,  Tbese  elevationi  | 
are  white  matter  (derived  directly  from  the  valve  of  Vieussens)  covered  by  a 
layer  of  gray  matter  which  dips  in  between  them.  Posteriorly,  this  gray 
matter  is  continuous  with  that  of  the  central  lobule ;  anteriorly,  it  disappears 
or  is  continued  merely  as  an  epithelial  layer  over  the  dorsal  surface  of  the  valve 
of  Vieussens. 

The  fnvnula  (Fig.  430)  stretch  laterally  from  each  side  of  the  lingula.     They 
are  short,  not  reaching  beyond  the  superior  peduncles  of  the  cerebellum,  over* 
which  they  lie.      Each  fnT^nulum  is  overlapped  considerably  by  the  ala, 

LobuluB  CentrallB  and  Alae  (  Figs,  428,  429). — The  eenfral  hlmh\  though  of  good 
size,  is  much  smaller  thfm  the  culmen.  immediately  behind,  and  by  which  it  is 
overlapped.  It,  in  its  turn,  overlaps  the  liiigula,  and  together  with  it  forms  the 
bottom  of  the  anterior  notch. 

The  aJfp  are  slender,  and  are  prolonged  almost  to  the  lateral  limits  of  the 
anterior  notch.      Hence  each  is  curved,  with  the  concavitv  forward. 

Of  the  remaining  lobules  of  the  upper  surface  it  may  be  noted  that  the  cnlmeii 
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and  cliviifl  or  declive  are  each  very  large  as  compared  to  the  other  divisions  of  the 
upper  worm  (Figs.  425,  428,  429).  Taken  together,  they  constitute  the  bulk  of 
the  upper  worm,  and  are  the  only  parts  seen  in  the  natural  position,  for  the  eul^ 
men  must  be  lifted  anteriorly  to  show  the  central  lobule^  and  the  clkms  posteriorly 


&up,  med.  vft. 


Sup,  cereM.  pet  J. 


Pio.  480.— Anterior  part  cf  cercbcUum  from  above.    The  eentr&l  lobule  and  aliB  are  drawn  baclrward  to  dls- 
cloae  Uu^ula.    (HeDJeJ 

to  show  the  folium  cacuminis.  On  antero-posterior  section  each  appears  as  made 
up  of  a  number  of  eeeondart/  fttlia  whh  well-marked  intralobuhr  fissures.  The 
term  montieulm  is  often  applied  to  the  eojnhiftM  culmen  and  clivus*  The  exes- 
centic  lobules, anterior  and  posterior,  or  lutufte  lohttitH,  are  large  and  have  numerous 
infrahhular  fissures.  Taken  together,  on  each  side  they  constitute  the  so-called 
quadrate  or  quadrangular  or  s<[uare  hbuk.  The  anti'rior  cre^frmik  overlaps  the 
afa  and  reaches  to  Beyond  the  lateral  limits  of  the  anterior  notch*  The  faliuin 
eacuminis  (see  also  Fig.  431)  is  smaller  than  any  of  the  lobules  of  the  upper  worm 

C^Umen     ftotium  eacuminU 


^Fntt.  errat,  t«b. 


^TSiber  vaimim 


Podero-»ufK  lotir 


i^amitff  ^Dioojttric  lobe 

Fig.  431.— The  oerebolltiii]  &om  behfad.    (Ueale.) 


except  the  luigula.  Its  cut  surface  looks  like  a  single  leaf  or/o?mw.  Its  lateral 
prolongations,  however,  the  poster o -superior  lobules  (Huperkfr  atemihmar)^  are  large, 
each  being  fully  as  large,  and  beset  with  as  many  iiitndohuhir  fissures,  as  either 
of  the  creseentic  iobiihii. 

Tuber  Valvulae  and  Postero-inferior  Lobules  (Fig,  431).^The  tuber  Vfdvulce  ia 
the  posterior  extremity  of  the  inferior  worm.  It  is  decidedly  larger  than  the 
folium  eacuminis,  and  its  cut  surface  shows  at  least  one  secondary  folium  in  addi- 
tion to  that  of  its  own  cut  surface.  Its  point  of  junction,  on  each  side,  with  the 
postero-inferior  lobule  is  slightly  grooved.     This  groure  is  the  posterior  extremity 
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of  the  corresponding  sulcus  valleculce  (see  above),  which  deepens  as  it  runs  for- 
ward along  the  side  of  the  inferior  worm.  The  postero-infeiior  lobule  is  as  large, 
taken  as  n  whole,  n»  the  larger  lobuh^s  of  the  upper  surface  of  the  hemisphere. 
It  resembles  them  iilso  in  general  appearance^  except  that  it  is  much  more  convex 
and  its  iutralohulnr  tissures  are  very  large.  These  fissures  are  also  considerably 
more  curved,  concavity  forward,  than  those  of  the  upper  nurface.  Two  of  them 
are  of  especial  depth  ;  hence  the  imnferO'inferhr  lohulc  is  often  described  as  being 
made  up  of  three  »uhdlt'i»ioif»^  the  most  posterior  being  called  the  inferior  semi- 
lunar  lobule  ;  the  middle  one,  the  posterior  slender  lolntle  :  and  the  anterior,  the 
anterior  slender  lobule  (lobuli  graciles).  In  examining  the  mesial  extremities  of 
these  ''*'  suhlobules**  it  is  found  that  only  that  of  the  inferior  semilunar  actually 
joins  with  the  tuber  vahulie,  while  those  of  the  other  two  terminate  abruptly  in 
the  sulcus  vallecuhe,  and  do  not  join  with   any  lobule  of  the  inferior  worm. 
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Fio.  432.-1116  cerebellum  from  in  iVont,  with  pons  and  medulla  remored.    (Ilenle,) 
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Therefore  the  post-pyramidal  fissure  (see  above)  is  prolonged,  on  the  hemisphere, 
in  front  of  the  anterior  slender  lohtile. 

Pyramid  and  Digastric  Lobules  (Figs,  482,  433;  also  preceding  ones).— The 
pyramid  is  a  large  laminated,  somewhat  conical  projection.     Its  cut  surface  shows 
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Fia.  43ft.— Tlie  cerebeUum  from  in  frf^tit  atirl  below.    (Henle.) 


numerous  intralobular  fissures.  f>n  ea^h  side  of  it  is  the  sulcus  valleculie,  here 
quite  deep,  and  it  is  connected,  avross  this  sulcus,  with  the  di(fastric  lobule  by 
means  of  a  narrow  eonneeiing  ridge  of  gray  matter. 

The  digastric  (biventral)  lobule  (see  also  Fig.  434)  is  triangular  in  general  out- 
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line,  with  tbe  apex  at  the  *'  connecting  ridge  **  just  mentioned.  Its  larainfe  or  subdi- 
visions,  due  to  its  intralobular  fissures,  are  curved,  concavity  forward  and  inward, 
but  short,  and  tend  more  anlero-posteriorly  ;  hence  tbe  lobule  is  embraced  pos- 
teriorly by  the  anterior  slender  lobe  and  prnt-piframldnl  Jimnre^  both  of  which  are 
dccidediy  concave,  while  the  lamini^i  of  the  former  are  much  louger  than  those 
of  tbe  digai^tric  lobule.  The  htwe  is  anterior,  and  is  on  a  line  with  the  ante- 
rior extremity  of  the  anmjdalay  and  is  separated  from  the  fiocculns,  just  in 
front,  by  the*  prolongation  of  the  pmt-noduiar  fssure,  Mesially  the  digastric 
h)bule  is  sepurated  from  the  amygdala  by  tbe  prq\yramu!al  fxHunu  which  on 
tbe  hemisphere  runs  almost  an tero- posteriorly,  while  on  the  inferior  worm  it  is 
transverse. 

Uvula  and  AmFgdalie  (Fig.  434  and  those  preceding). — The  uvula  is  longer 
than  tbe  pyramid.     It  is  mure  prominent  posteriorly  than  anteriorly.     It  has 
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Fio.  434— The  cerebellum  fnnu  in  front  and  somewhat  from  below,  X  J.    (Gegeiibnutr,) 

three  or  four  well*marked  trans versely  running  intralobular  fissures,  clearly  seen 
o n  anter 0 -post er i or  ^e c t i o r k  1 1  i s  co n u e ( * t e d  with  the  a fm/gda la  o n  each  side  by 
means  of  a  corrugated  ridge  of  gray  uiattcr.  the  furrnweti  Ixjtid^  which  lies  in  the 
sulcus  vallecuhi2.  The  (rmfft/dftlti  or  tonsil  is  a  rounded  ma.ss  smaller  than  tbe 
digastric  lobule.  It  has  a  large  nuiuher  of  intralobular  fissures  and  lamini^. 
These  last  are  short  and  directed  sagittally.  Externally  is  tbe  prepyramidal  fis- 
sure, between  it  and  the  digastric*  On  removal  of  the  amygdala  a  marked  hol- 
low (Fig.  43'^)  is  seen  on  tbe  mesial  sitle  of  the  digastric.  This  hollow  is  the 
nidujif  mm  (bird's  nest).  Internally,  the  amygdtda  is  connected  to  the  uvula  by 
the  furrowed  hamiy  and  besides  has  a  free  surface  boumUMJ  by  the  sulcus  valleculto. 
Id  the  natural  position  this  surface  is  applied  closely  to  the  side  of  the  uvTila, 
which,  together  with  that  of  the  opposite  tonsil,  it  conceals  from  view.  Ante- 
riorly is  the  ])ost-nodular  fissure. 

Nodulus  and  Plocculi  (Figs.  42ii-434). — The  7iodu!e  is  the  most  anterior  as  i 
well  as  tljc  smallest  lubule  of  the  lower  worm.  Its  cut  surface  shows  a  single^ 
folium  indented  by  a  Wiw  intralobular  fi-^surt'S.  It  is  larger  tlian  the  lingula. 
Its  white  matter  is  usually  a  single  stem,  which  branches  peripherally*  Thia 
stem,  furthermore,  like  the  small  projections  of  white  matter  in  the  lingula  (see 
page  72[*),  which  are  derived  from  the  valve  of  Vieussens,  is  seen  in  its  turn  ta 
come  from  a  similar,  but  more  curved,  lamina  of  white  matter  \vhich  lies  at  first 
ventrtd  and  (nitenftr  to  the  nodiilus,  and  then  dorHnlltf  or  over  it.  This  lamina  ia 
tbe  inferior  medulhirff  vchtm  (see  below).  The  .sulcus  vallecuhi^  on  each  side  of 
tbe  nodulus  is  deep  and  wider  than  it  is  posteriorly. 

*l'hQ  post-nodnlfir  fisifftre^  transverse  between  nodule  and  uvula,  becomes  irreg- 
ularly curved  on  the  hemisphere.  On  leaving  the  worm  it  is  at  first  concave  for- 
ward in  the  sulcus  valleculic,  then  bends,  cojivexittf  forward,  around  the  front  of 
the  amygdala  and  runs  laterally,  between  the  base  of  tbe  digastric  hibe  bohind 
and  the  flocculus  in  front,  to  terminate  in  the  grrat  boriKontal  fissure.  In  ita 
course  it  receives  tbe  anterior  end  nf  the  pre|)yrauydal  fissure,  and  at  its  termi- 
nation in  the  horizontal  fissure  is  joined  by  the  anterior  end  of  the  post-pyram- 


THE    nil  A  IN  AND   JTS  MEMBRANES. 


733 


idal  fiasure.     As  it  lies  in  the  sulcus  vallecula;  it  separates  the  furrowed  band 

from  a  very  slender  lamina  of  gray  matter  which  is  continuous  with  the  gray 
matter  of  the  nodule  niesinlly,  and,  laterally,  folhtws  the  course  of  tlie  post- 
no<lular  fissure  until  it  reaches  the  Jhcculus,  with  the  gray  matter  of  which  it  is 
continuous.     This  slender  lamina  is  known  as  the  pedunde  of  the  tlocculus. 

The  flocculus  is  the  smallest  of  the  lobules  of  the  inferior  surface  of  the 
hemisphere,  and  is  situated  farther  away  from  its  correspond inff  lohule  of  the 
inferior  worm  than  any  of  the  others.  It  is  a  rounded,  tuft-like  body,  its 
expanded  extremity  looking  forward,  and  it  tapers  toward  its  peduncle.  It  is 
situated  lielnw  tlie  middle  ]jedtincle  of  the  cerebellum  ;  its  surface  is  composed  of 
gray  matter,  subdivided  into  a  few  small  lamina?;  it  is  sometimes  called  the 
pm'umof^astrii^  lttimi*\  from  being  situated  behind  the  pneumogastric  nerve. 

It  is  thus  seen  that  the  ftoeculusy  ami/ffdaia^  and  dttfaMric  lobule  differ  in 
regularity,  both  of  outline  and  position,  from  all  the  other  lobules  of  the  hemi- 
sphere ;  also  that  the  prcpjfnimidaJ  titssure  differs  from  the  other  interlobular  fis- 
sures in  that  if,  as  a  whole,  is  almost  ^^ horseshoe''  in  shape,  while  they  have  a 
generally  transverse  direction. 

White  Matter  of  the  Crrkbellum* — Traced  from  within  the  cerebellum, 
all  the  white  matter  is  found  to  emerge  from  between  the  edfjeg  of  the  f/rea(  A0/7- 
zontal  p^ifHHn\  whk^rv  that  fis8ure //>*  in  fhf  anterior  cerebellar  noteh  (Figs.  482, 
4p33,  434).  It  may  be  described  (jifter  removal  of  pons  and  medulla  by  cutting 
close  to  the  cerebellum)  as  consisting  of  two  layers,  an  upper  and  a  lower.  In 
other  words,  this  white  matter  on  emerging  from  the  cerebellum  may  be  said  to 
npUt  into  two  dieevfjing  layers.  The  cleft-like  tipace  between  these  two  layers 
extends  entirely  across  the  anterior  cerebellar  notch,  at  the  lateral  extremities  of 
which  the  two  layers  are  continuous.  It  has  already  been  noted  (see  page  727), 
that  the  eih^i.'i^  of  the  great  horizontal  fissiire,  in  close  contact  everywhere  else, 
are  separated  in  the  anterior  notch.  Hence  the  »paee  between  the  latprn  might 
be  regarded  as  &  part  of  the  horizontal  fissure  lined  with  white  matter ^  Of  these 
two  layers,  the  upper  is  much  the  thicker  and  more  substantial,  the  low^er  being 
merely  a  thin,  delicate  white  lamina. 

The  upper  laifer  is  divisible  into  a  mesial  and  two  lateral  portions,  of  which 
the  mesial  is  much  thinner  than  the  laterah  This  memal  portion  is  the  valve  of 
Vieussens  or  Mttpertor  meelnUartf  velum.  It  is  of  uniform  thickness  from  side  to 
side.  On  transverse  section,  close  to  the  cerebellum,  its  width  is  seen  to  be  about 
equal  to  that  of  the  upper  worm.  It  has  above  it  the  liugula,  together  with  the 
centnil  b)bule  resting  on  tlie  lingula.  The  lateral  portinus  increase  in  thickness 
from  within  outward,  so  that  the  cut  surface  of  each  looks  somewhat  racket- 
shaped.  Each  lateral  ffortitm  occupies  the  »ide  of  tiie  anterior  notch,  and  is  made 
up  of  the  three  pedunelett  of  tiie  cerebellum,  tlie  handle  of  the  racket-shaped  sur- 
face representing  the  superior  peduncle,  while  the  rounded,  expanded  head  repre- 
sents, externally,  the  middle,  and,  inferiorly  and  mesially,  the  inferior,  peduncle. 

The  lower  latfer  is  the  inferior  ntedulltrrtf  velum.  It  is  an  exceedingly  delicate 
white  lamina  stretching  from  the  white  matter  of  one  flocculus  across  the  middle 
line  to  the  white  matter  of  the  other  flocculus*  These  different  subdivisions  will 
now  be  considered  in  detail. 

Pedimcles  of  the  Cerebellum  (Figs,  420,  482,  433). — The  superior  pcduneles 
(Fig.  430)  are  on  the  dorsal  surface  of  the  pons  Varolii,  as  previously  described, 
diverging  from  each  other  from  above  downward.  Each  enters  the  corresjmnding 
hemisphere  of  the  cerebellum  beneath  the  friFnuhtttt  and  ala  (Fig.  430),  where  its 
fihres  blend  with  those  of  the  two  other  peduncles  and  a  pari  of  the  inferior  medul- 
lary velum,  to  form  the  white  matter  of  the  hemis]>here.  The  superior  peduncles 
form  the  lateral  boundaries  of  the  upper  part  of  the  fourth  ventricle. 

The  middle  peduncles  are  large  rounded  bundles  made  up  of  most  of  the  trans- 
verse fibres  of  the  pons,  as  already  described.  Each,  bending  dorsally  from  the 
pons,  enters  tlie  cerebeilum  between  the  edges  of  the  horisiontal  fissnre  at  the 
lateral  limits  of  the  anterior  notch — i.  e,  between  the  ala  and  the  edge  of  anterior 
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creacentic  lobule  above  and  flocculus  helow-^and  its  fibres  contribute  to  form  part 
of  the  white  matter  of  the  hemisphere. 

The  itifen'or  peduficle,  re^tiform  ho4y  of  uitMlulhi,  -.is  it  enters  the  cerebellum 
lies  a  little  deeper  in  the  anterior  notrli  thno,  jiiid  inferior  to,  the  middle  pedun- 
cle. Witljiti  tlie  eerebellum  its  fibres  blend  with  those  of  the  preceding  to  form 
the  white  matter  of  the  hemisphere.  Just  as  this  peduncle  bends  sharply  back- 
ward from  the  medulla,  and  just  before  it  actuaUy  enters  the  hemisphere,  its  under 
surface  is  free,  ami  furms,  in  this  situation,  the  upper  boundary  of  the  drft^  above 
referred  to,  bt^tween  the  layers  of  the  white  matter  of  the  cerebellum.  The  lower 
boundary  of  this  part  of  the  cleft  is  the  lateral  part  of  the  inferior  meflullary  velum. 

Inferior  Medullary  Velum  { Fii^s.  426,  4*29,  432,  483). — As  already  mentioned, 
this  is  the  hnver  la t/er  of  the  white  matter  of  the  cerebellum,  and  is  very  tbin.  Its 
central  pffvtvfft  enters  the  cerebellum  over  or  dorsal  to  the  nodulus  at  the  centre  of 
the  anterior  notf^h ;  Jind  at  the  bottom  of  tins  pari  of  the  great  borizontal  fissure 
it  Jf>ins  with  the  ^ulterior  meiluUarff  velt(m  to  enter  the  eerebellum  as  the  white 
jnatter  of  the  won/L  As  it  j>asses  over  the  nodulus  it  is  adherent  to  it — i,  e,  it 
sends  into  the  nodule  a  stem  of  white  matter. 

As  the  velum  passes  laterally  it  has  a  curved  direction,  concavity  forward,  and 
extends  almost  to  the  limits  of  the  anterior  notch,  where  it  blends  with  the  white 
matter  of  the  flocculus.  These  curvinf^  portions,  lateral  to  the  nodulus,  are  the 
so-called  httertd  partsi^f  the  velum.  Each  of  these  lateral  [larts,  trnt-ed  into  the 
hfiri/ontal  fissure,  passes  above  or  dorsal  to  the  pvdunt^fe  of  ihe  Jheculns  (see  above), 
and  blentls  with  the  under  surfaces  of  the  three  pedu tides  to  form  the  white  matter 
of  the  hemisphere.  Thus  it  is  seen  that  the  wh/te  ntatter  of  the  ivorm  is  made  iip 
of  the  union  of  the  mttperior  medullan/  velum  above  and  the  eentral  part  of  the 
iftferior  medullarff  eel  urn  below,  while  that  of  the  hemispheres  is  the  s^onjirined 
three  pedunrh's  and   hitentl  part  of  the  inferior  rehtm. 

Tent  and  Lateral  Recess.— The  cleft  between  these  layers  of  white  matter  is, 
like  tlit-m,  divisible  into  a  central  and  two  lateral  portions.  The  ventral  part  lies 
between  the  superior  velum  above  and  the  central  portion  of  the  inferior  velum 
below.  It  IS  called  the  tent,  from  its  priinted  iippearanee  on  section.  The  lateral 
portions,  when  closed  ni  by  the  upper  ends  of  ibe  restiform  bodies  (see  page  738), 
are  known  as  the  lateral  veeeHHea  of  tlie  fourth  ventricle-*  while  the  tent  forms  the 
roif  of  the  central  part  of  the  fourth  ventricle  (see  page  738). 

Superior  Medullary  Velum.— The  super itjr  medullar i/  veluot^  or  valve  of  Vieus^ 
sens,  has  been  partially  described.  It  is  a  thio  lamina  of  white  matter  stretched 
between  the  inner  margins  of  the  superior  cerebellar  pe<luneles ;  it  forms  the  roof 
of  the  up]>er  half  of  the  fourth  ventricle.  It  is  narrow  above,  wlicre  it  passes 
beneath  the  louer  corjmra  quadrigemina  (mi^i-brain),  antl  broader  below^  at  its 
connection  with  tlie  upper  vermiform  process  of  tlie  cerehellum.  A  slight  elevated 
ridge,  the  frannlnm,  descends  upon  the  upper  part  of  the  valve  from  between  the 
lower  corpora  (juadri^emina,  and  on  either  side  of  it  may  be  seen  the  fourth  nerve. 
Its  lower  half  is  covered  by  a  thin,  transversely-grooved  lobule  of  gray  matter 
prolonged  from   the  anterior  border  of  the  cereliclkim  ;  this  «s  the  lingula. 

Arbor  Vitse  (Figs.  428,  429). — This  is  the  name  given  to  the  white  matter  of 
either  wi*rm  or  hemisjihere  when  viewed  on  antero-posterior  section.  On  such  a 
section  the  white  matter  looks  like  a  tree  with  a  central  trunk  and  branches,  with 
the  branches  also  subdividing  into  stems.  These  stems,  being  surrounded  by  gray  * 
matter^  resembie  leaves  or  folia  ;  and  there  may  also  be  seeondarj/  folia  whose 
stems  come  from  a  primary  stem,  and  not  from  the  nuiin  trunk  of  white  matter. 
The.se  foUa^  as  alrea<ly  ex}ilaiued  (page  728).  are  merely  the  cut  surfaces  of  the 
corresponding  lalatles,  whether  of  worm  or  hemisphere.  The  main  trunk  of  the 
arbor  vitte  of  the  worm  is  slender,  while  that  of  the  arl)or  vita?  of  each  hemisphere 
is  thick  and  bulky.  This  diflference  is  due  to  the  large  am^nint  of  white  matter 
resulting  from  the  conjoined  peduneleH  nud  lateral  part  of  inferior  velum  as  com* 
pared  with  that  resulting  from  the  uuiou  of  the  comparatively  thin  superior  velum 
with  the  cejitral  part  of  the  inferior  velum. 
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Fibres  of  tlie  Fedundes  (Fig.  485). — The  fibres  of  the  mpenor  peduncki  on 
entering  the  heriiisphere  |la^3  to  a  great  extent  into  the  interior  of  the  corpus 
dentatum  (see  below),  though  some  wind  round  it  ruid  reach  the  gray  cortical 
matter,  especially  on  its  inferior  surface,  while  uthers  pass  into  the  white  matter 
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Fitt.  435.— A  tection  of  the  c€tebenum  lo  show  deDUtc  uucleui.    (Henle.) 

of  the  worm.  Into  the  white  matter  of  the  worm  pass  the  fibres  of  the  superior 
velttm^  of  which  certain  longitudinal  ones  are  <|uUe  distinct.  These  last  are  the 
antero-lateral  agcendinfj  treref/eliar  traeU  of  cord  and  medulla  (see  page  717). 

The  fibres  of  the  middle  pedunehs  on  entering  the  hemispfjere  have  a  gen- 
erally dorsal  tendency,  after  which  they  go  in  \-arious  directions  :  the  upper  fibres 
of  the  tuber  annuitire  pass  to  the  kfwer  part  of  tlie  heniisptiere;  the  hm^er  tihres 
of  the  tul**'r  pass  into  the  fippfr  part  of  the  hemisphere ;  while  the  remaining 
fibres  (middle  of  tuber  and  dorsal  transverse;  see  Pons)  pass  for  the  most  part 
into  the  middle  region  of  the  hemispbere. 

Tbe  fibres  of  the  inferior  pedunelen  on  entering  the  cerebellum  are  placed 
between  the  middle  peduncle  externally  and  superior  internally.  Tbey  tben  pass 
ujn&ard,,  and  radiate  into  tbe  ttpper  part  of  the  bcmispliere,  curving  over  the 
corpus  dentatum  ;  some  are  extended  into  the  white  matter  of  the  worm.  These 
last  are  the  continuations  of  the  direct  eerehellar  tract. 

Th^  fibres  already  described,  which  makenp  the  inferior  peduncle  or  restiform 
bodify  may  be  summarized  as  follows:  1.  Direct  cerebellar  tract;  2.  External 
arciform  fibres;  3,  Internal  arciform  fibres  (from  opposite  olivary  nucleus);  4. 
Fibres  from  accessory  etineate  nucleus ;  5.  Fibres  from  anterolateral  deiteeuding 
cerebellar  tract  of  cord;  6.  Fibres  of  Solly.  These  last  are  oecns  ion  ally  found, 
and  are  seen  on  the  surface  of  tbe  medulla  running  upward  an*!  backw^ard  from 
the  direct  pyramidal  tract  of  the  cord  just  before  it  enters  the  pyramid. 

The  ibrae  proprise  of  the  cerebelluni  are  of  two  kinds:  (1)  comnmsarftl  fibres^ 
which  cross  the  middle  line  to  connect  the  opposite  halves  of  the  hemispheres^ 
some  at  the  anterior  part,  and  others  at  the  posterior  part,  of  the  vermiform  pro- 
cess ;  (2)  tu*eufite  or  oftMoeiatian  fibres,  which  connect  one  lamina  with  another, 
arching  across  the  fissures  between  the  lamintc. 

The  GRAV  MATTER  OF  THE  CEREDELLUM  IS  found  in  two  situations  :  (1)  on  the 
surface,  forming  the  cortex ;  (2)  as  independent  masses  in  the  interior. 

(1)  The  gray  matter  of  t/ie  cortex  presents  a  characteristic  foliated  appearance, 
due  to  the  series  of  lamina*  which  are  given  off  from  the  central  wbite  matter; 
these  lamin;c  give  off  secondary  lamiuit;  which  are  covered  with  gray  matter. 
This  arrangement  gives  to  the  cut  surface  of  the  organ  tlie  foliated  appearance 
already  described.  Externally  the  cortex  is  covered  by  jua  mater,  and  internally 
is  the  medullary  centre,  consisting  mainly  of  nervc-tibres- 
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MicroBcopieal  Appearance  of  the  Cortex. — The  cortex  presents  a  remarkable 
strycture,  consistitig  of  two  distinct  lajors^ — viz.  an  external  gray  or  cellular  layer, 
and  an  internal  rust-colored  grantiliir  layer.  Between  the  two  layers,  or  rather 
situated  in  the  deepest  part  of  tlie  gray  or  cellular  layer,  is  an  incomplete  stratum 
of  the  characteristic  cells  of  the  cerchellum,  the  enrpu^cles  of  Pur  kin je. 

The  external  graj/  or  vellttliir  latfer  (Fig.  436)  consists  of  fibres  and  cells.  The 
Jibres  are  delicate  fibrillie,  some  rtinning  at  right  angles  to  the  surface-fibres  of 
Bergman.   These  are  the  dendritic  processes  of  large  tjlta-celh  situated  in  the  gran- 
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Fio.  436.— "Vertical  Bi'ctitm  through  the  gray  m«tt«r  of  the  human  eerebeUum.    Magiiifltfi  atMiat  100  diame- 
ters.   (KleiD  aod  Noble  SmUh) 

ular  layer.  On  reaching  the  periphery  these  fibres  expand  into  small  cones,  basei^ 
auperficially,  and  here  form  a  delicate  supporting  connective-tissue-like  membrane, 
which  spreads  out  into  a  broud  base  against  the  inner  surface  of  the  pia  mater- 
Other  fibres  are  horizontaU  and  can  be  observed  to  unite,  by  means  of  n  T-  or  Y- 
shaped  jimctiun,  with  thi-  long  axis-cylinder  processes  of  the  granule-celU  in  the 
granular  layer. 

The  eelh  are  small,  and  are  in  two  layers*  outer  and  inner.  All  have  nutuer- 
ous!y  branebing  axis-cylinder  and  protoplasmic  processes,  the  former  of  wbith, 
from  the  inner  cells  (bavsket-cells),  give  off  descending  vertical  branches  which 
ramify  like  a  basket  around  the  corpuscles  of  Purkinje. 

The  eorpuseles  of  Purkinje  (Fig.  4-^6)  are  flask-shaped  cells  in  the  deepest  paxt 
of  the  external  gray  or  cellular  layer,  resting  against  the  internal  rust-colored 
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layer.  From  their  under  surface  a  slender  axis-cyrmder  process  arises,  which 
passes  through  the  internal  layer,  and  becomes  continuous  with  the  axis-cylinder 
of  a  mcdulhited  nerve-fibre  in  the  medullary  (white)  substance  beneath.  From 
the  other  extremity  a  number  of  protophiiimic  processes  {dendrlteai)  iire  given  off, 
which  !>ranch  in  an  antler-like  manner  in  the  external  layer,  all  having  free 
terminations. 

The  internal  or  rusit'CoIored  lat/er  (Fig.  43f>)  is  characterized  by  containing 
mnltitudes  of  granuhir-looking  cells.  There  are  also  ujinute  stellate  cells  and 
glia-cells.  Between  the  celb  is  a  fine  nerve-network,  with  which  the  processes 
of  all  the  cells  are  contiDuous,  except  the  axis-cylinder  processes  of  the  granule- 
cells. 

There  are  still  otJter  fibres  to  be  found  in  the  cerebellar  cortex.  These  come 
directly  from  the  white  centre,  and  penetrate  through  the  entire  cortex,  Each 
fibre,  thus  penetrating,  gives  off  branches  in  the  granular  layer,  the  ramuscles 
exhibiting  peculiar  moss-like  appendages,  hence  are  called  '*  moss-fibres  **  (Ramon 
y  Ciijal).  Other  ramifications  are  also  found  around  Purkinje's  corpuscles. 
Finally,  in  the  external  layer  these  fibres  terminate  by  becoming  longitudinal  and 
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Fia  137,— A  eorpUBcle  of  PurkiniJe, 
with  ttR  dlchotomouBly  branibed  pro* 


Fta,  438.— Vertical  section  of  the  cfiretwllum 


horizontal.  The  cell-origin  of  these  fibres  is  probably  situated  in  the  gray  matter 
of  the  spinal  cord. 

(2)  The  indepemlent  centres  of  grai/  matter  in  the  cerebellum  are — (1)  the  cor- 
pus dentatum  :  (2)  the  roof  nuclei  of  StilUnfj. 

The  corpu»  detitatum  (Fis^s.  435,  438),  or  tjanglion  of  the  cerebellum^  is  situated 
a  little  to  the  inner  side  of  the  centre  of  the  stem  of  white  matter.  It  consists  of 
an  open  bag  or  capsule  of  gray  matter,  the  section  of  which  presents  a  gray  den- 
tated  outline,  open  at  its  anterior  part.  It  is  surrounded  by  white  fibres;  white 
fibres  are  also  contained  in  its  interior,  which  are  derived  from  the  superior 
peduncles. 

The  roof  nuclei  of  Stillinj:^  are  two  small  gray  masses  situated  in  the  anterior 
part  of  the  white  matter  of  the  worm,  close  to  where  the  valve  of  Vieussens 
begins  to  assist  in  the  formation  of  the  roof  of  the  fourth  ventricle.  These  can 
only  be  seen  in  microscopic  preparations. 

The  Fourth  Ventricle  (Figs.  423,  429). 

The  Pourtli  Ventricle,  or  ventricle  of  the  eerehellum^  is  the  space  between  the 
mesial  portions  of  the  dorsal  surfaces  of  the  medulla  oblongata  and  pons  ventrally 
and  the  cerebellum  dorsal ly.     It  consists  of  a  floor ^  roof^  and  lateral  boundairies^ 
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The  fioor  has  already  been  described  in  detail.  It  is  flat  and  lozenge-shaped,  it» 
upper  half  being  on  the  dorsal  surface  of  the  pons,  its  lower  half  lying  between 
the  restiform  bodies  on  the  upper  portion  of  the  dorsal  surface  of  tbe  medulla. 
Its  widest  or  central  portion  is  at  the  junction  between  pons  and  medulla.  Like 
the  floor,  the  ventricle  itself  is  divided  into  an  upper,  a  lower,  and  a  middle  portion. 

BoTindaries  of  tlie  Fourth  Y&iitricle.—*The  upper  portion  has  for  its  floor  the  cen- 
■  tral  part  of  the  dorsal  surface  of  the  pons  ;  for  its  lateral  boundaries^  the  inner 
gurfaces  of  the  superior  cerebellar  peduncles  :  for  its  rooJ\  the  superior  viedullarif 
velum. 

The  middle  portion  has  for  its  roof  the  tent^  or  space  between  central  part  of 
inferior  medullari/  velumy  below  ;  and  that  part  of  superior  ?nedullarf/  velum  which 
is  below  the  linf^ula^  above ;  and  their  line  of  junction  dorsally.  The  tent,  on  section., 
appears  pointed,  the  angle  projecting  dorsally  from  pons  and  medulla  into  the 
worm,  between  lingula  above  and  noduius  below.  In  the  complete  ventricle  the 
tent  lies  dorsal  to  the  ttndest  part  of  ihe  floor  ;  and  the  lateral  boundaries  of  this  par- 
ticular region  of  the  ventricle  are  the  lateral  angles  (see  page  723),  each  lateral 
angle  being  the  point  of  contact  of  the  lower  end  of  the  inner  surface  of  the 
superior  peduncle  with  the  upper  end  of  the  inner  surface  of  the  inferior  peduncle^ 
just  as  each  peduncle  bends  dorsally  to  enter  the  hemisphere. 

The  lower  portion  has  for  its  floor  that  part  of  the  dorml  surface  of  the 
medulla  which  is  between  the  restiform  bodies,  and  for  its  lateral  boundaries  the 
clav^e  q{  t]iGi  funiculi  </raciles  and  the  inner  surfaces  of  the  restiform  bodies.  The 
inner  surface  of  the  restiform  body  is  merely  the  inner  aspect  of  its  generally 
rounded,  elevated  surface.  Hence  it  is  not  so  marked  as  that  of  the  flattened 
superior  peduncle,  which  also  has  an  inner  marf^in,  to  which  is  attached  the  supe- 
rior medullary  velum ;  while  tbe  inner  margin  of  the  rounded  inferior  peduncle 
would  be  merely  the  line  drawn  between  its  inner  and  dorsal  aspects.  The  roof 
of  tbe  lower  portion  of  the  fourth  ventricle  is  the  tela  choroidca  inferior,  which 
will  now  be  deserihed,  together  with  the  lateral  recesses  of  the  fourth  ventricle, 

Eoof  of  Lower  Portion  of  Foiutli  Ventricle ;  Lateral  Becess ;  Tela  Ohoroidefii 
Inferior.^ — In  the  description  of  the  white  matter  of  the  cerebellum,  as  it  lies 
between  the  edges  of  the  great  horizontal  fissure  in  tlie  anterior  notch,  it  was 
stated  that  this  white  matter  was  split  into  two  layers,  the  lower  of  which  is  the 
inferior  medullarf/  velum.  An  important  difi'erence  between  these  two  layers  must 
now  be  noted,  in  addition  to  the  others  already  given.  This  diff*erence  is  that,  in 
the  complete  specimen,  the  inferior  medullary  velum,  as  such,  has  a  free  edge, 
while  the  upper  layer  is  continued  directly  into  the  prolongations  of  its  com- 
ponent parts,  superior  medullary  velum  and  the  peduncles  of  the  cerebellum. 

^hiBfree  edge  of  the  inferior  velum  is  directed,  in  the  natural  position,  down- 
ward and  forward.  The  free  edge  of  the  mesial  part  lies  over  the  noduius,  which 
projects  somewhat  beyond  it.  Being  very  thin,  it  cannot  be  made  out  distinctly 
except  on  autero-posterior  section*  The  free  edges  of  the  lateral  portions^  how- 
ever, are  well  seen  on  removal  of  cerebellum  from  pons  and  medulla  and  after 
separating  the  edges  of  the  great  horizontal  fissure.  In  tbe  complete  condition 
each  of  these  lateral  free  edges  of  tbe  velum  lies  just  dorsal  to  the  upper  extrera- 
ity  of  the  corresponding  restiform  body  just  before  it  bends  backward  into  the 
cerebellum,  and  curves  around  it,  as  it  were,  reaching  out  laterally  to  the  floc- 
culus, which,  in  the  complete  specimen,  lies  just  external  to  the  lateral  aspect  of 
the  restiform  body. 

Having  thus  located  tbe  free  edge  of  tbe  entire  inferior  medullary  velum,  it 
now  remains  to  establish  its  connection  with  the  subjacent  parts.  This  connec- 
tion is  eflfcctcd  by  a  layer  of  epithelial  cells  prolonged  from  the  general  epithelial 
lining  of  the  ventricle.  It  is  understood,  of  course,  that  all  tbe  ventricles  of  the 
brain,  as  well  as  the  central  canal  of  the  cord,  are  lined  with  epithelium.  There- 
fore in  the  fourth  ventricle  this  epithelium  lines  the  under  surface  of  the  superior 
velum;  tbe  inner  surface  of  the  superior  cerebellar  peduncle;  covers  the  entire 
flooFy  and  is  also  found  in  the  tent  and  its  lateral  prolongations.     Therefore  it 
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must  also  cover  the  upper  surface  of  the  entire  inferior  medullary  velum  ;  and  it 

19  the  prolongation  of  this  particular  layer  which  was  just  referred  to* 

The  epithdium  covering  the  central  part  of  the  inferior  velum  on  arriving  at 
its  free  edge  is  continued  over  the  projecting  portion  of  the  upper  surface  of  the 
nodulus,  and  then  bends  sharply  downward  and  backward  around  the  anterior 
extremity  of  the  nodulus,  and  is  continued  on  down  to  the  calamus  scriptorius— 
L  e.  angle  of  divergence  of  the  clavje — where  it  dips  into  the  upper  {medtillary) 
part  of  the  central  canal  of  the  cord,  and  becomes  continuous  with  its  dorsal  lin- 
ing epithelium.  This  layer  of  epithelium,  thus  traced  from  above  downward,  has, 
of  course,  lateral  attachments,  and  on  each  side  this  attachment  is  mainly  the  line^ 
already  referred  to,  which  marks  off  the  inner  from  the  dorsal  aspect  of  the  resti- 
forra  body.  Below,  this  line  of  attachment  is  continued  down  on  the  elava^  and 
at  the  calamus  scriptorius  meets  the  line  from  the  opposite  side.  Along  this  line 
for  its  entire  extent  the  layer  of  epithelium  is  continuous  with  the  epithelium 
lining  the  slightly  elevated  inner  aspect  of  the  restiform  body  and  that  covering 
the  Jioor^  hut  is  not  prolonged  over  the  dorsal  aspect  of  the  restiform  body,  which 
is  closely  invested  with  pia  mater.  Owing  to  the  divergence  of  the  restiform 
bodies  and  clavie,  it  is  evident  that  this  layer  of  epithelium  is  triangular  in  shape, 
with  its  apex  at  the  calamus  scriptorius.  This  triangular  layer  of  epithelium  is 
the  real  roof  of  the  Imver  portion  of  the  fourth  ventricle. 

Lateral  Recess* — The  epithelium  covering  each  lateral  portion  of  the  inferior 
medullary  velum  on  arriving  at  its  free  edge  is  prolonged  directly  on  to  the  upper 
extremity  of  the  restiform  body,  close  to  which  the  free  edge  lies,  and  is  then 
reflected  upward  for  a  very  short  distance — i.e,  to  where  the  rc^stiform  body  bends 
backward  to  enter  the  hemisphere.  The  epithelium  then  bends  backward  also, 
covering  the  (now)  lutder  surface  of  the  inferior  cerebellar  peduncle,  and  thus 
enters  the  lateral  portion  of  the  cleft  (see  page  734)  between  the  "'  lamina?  '*  of 
the  cerebellar  white  matter;  arriving  at  the  bottom  of  this  cleft,  it  is  reflected 
back  again  over  the  upper  surface  of  the  lateral  part  of  the  inferior  medullary 
velum  to  its  free  edge,  at  which  point  its  tracing  was  commenced. 

The  line  of  attachment  of  the  epithelium  to  the  upper  end  of  the  restiform 
body  just  after  its  reflection  from  the  edge  of  the  inferior  velum  is,  of  course, 
directed  transversely.  Its  inner  end  bends  downward  and  becomes  continuous 
with  the  line  already  mentioned  on  the  restiform  body,  along  which  the  **roof"* 
epithelium  blends  with  that  of  the  side  and  floor. 

Thus  is  formed  the  eomplete  lateral  recess^  which,  when  all  the  parts  are  con- 
nected, is  really  a  triangular-shaped,  tunnel -like  prolongation  of  the  cavity  of 
the  fourth  ventricle,  curving  around  the  extreme  upper  end  of  the  restiform  body 
just  before  that  body  bends  backward  into  the  hemisphere  of  the  cerebellum. 

The  outer  extremitt/  of  the  hiteral  recess  may  be  regarded  as  a  pointed  cul-de- 
sac.  At  its  inner  extremitt/  is  an  aperture  through  which  its  lining  epithelium  is 
continuous  with  that  of  the  fourth  ventricle.  This  aperture  is  situated  just  at  the 
lateral  awjle  (see  above)  of  the  ventricle.  The  cul-de-sac  is  situate*!  just  between 
the  flocculus  externiilly  and  the  outer  aspect  of  the  restiform  body  internally. 

Tela  Choroidea  Inferior. — The  jna  mater  which  invests  the  inferior  worm  is 
continued  upward  and  forward,  dipping  in  and  out  of  the  viirious  fissures,  until 
it  reaches  tiie  nodulus.  It  now  cloaely  invests  the  nodulus  and  bends  sharply 
aroun<l  it,  forward,  upward,  and  a  little  backward,  following  exactly  the  course 
of,  but  lying  posterior  to,  the  epithelial  roof  of  the  ventricle,  already  described, 
until  it  reaches  the  free  edge  of  the  inferior  velum  lying  on  the  nodulus.  At  this 
point  it  is  reflected  at  an  acute  angle  right  back  on  itself,  and  now  follows  the 
**  epithelial  roof"  down  to  the  calamus  scriptorius.  In  its  course  this  rty!ccftf<i 
layer  of  pia  mater  lies,  naturally,  dorsal  to  the  epithelial  roof,  and  so  closely  adhe- 
rent to  it  thjit  the  two  form  one  structure.  This  structure  is  the  tela  choroidea 
inferior.  It  is  the  practical  roof  of  the  lower  |»ortion  of  the  fourth  ventricle, 
because  when  the  pia  mater  is  pulled  away  the  epithelial  layer  comes  with  it, 
and  thus  this  portion  of  the  ventricle  is  exposed. 
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If  the  pia  mater  covering  the  hemisphere  on  each  j^ide  of  that  covering  the 
jDferior  worm  (the  lateral  extension  of  the  sanit*  layer)  be  traced,  it  will  be  found-J 
to  follow  a  similar  course,  thus:  After  passing  upward  it  reaches  the  inuler  sur^l 
face,  and  then  the/r<*e  edgCy  of  the  lateral  part  of  the  inferior  velum.     It  is  nowi 
sharply  rellected  od  itself,  aud  passe.s  downward  on  the  dorsal  aspect  of  the  resti- ■ 
form  body.     This  is  merely  the  hteraJ  extension  of  the  pia  mutnil  jjortion  of  the 
tela  clioroidea  inferior.     As  this  layer  pa^sses  from  the  edge  of  the  inferior  velum 
(lateral   part)  to  the  restiform  body  it  is  in  contact,  just  at  its  downward  bend, 
with  the  rpithtJinm  of  the  hrtt-ral  revi-m  just  where  it  is  heing  reflected  on  to  the 
extreme  upper  end  of  the  restiform  body*     It  is  therefore  evident  that  along  the 
free  edge  of  the  entire  inferior  inedulbiry  velum  there  is  attached  a  margin  of  pia 
mater  consisting  of  two  layers  folded  od  themselves.     For  some  distance  down- 
ward these  two  hiyers  are  somewhat  adherent  to  each  other. 

The  Ligula* — In  the  fourth  ventricle,  as  well  as  in  the  other  ventricles,  the 
lining  e]>ithelium  lias  between  it  and  the  surrounding  hrnin-tissue  a  delicate  layer 
of  neuroglia  known  as  the  epenJtpna.  The  upper  surface  of  the  inferior  vtdum 
also  has  on  it  some  of  this  ependyma.  At  the  free  edge  of  the  velum,  however, 
this  ependyma  ceases  abruptly,  and  the  epithelium  comes  in  direct  contact  with 
the  pia  mater.  But  where  the  epithelium  leaves  the  pia  mater  to  bo  reflected 
upward  on  the  resti  form  body  (lateral  recess),  or  where  it  leaves  the  under  *wr- 
faei'  of  the  tihi  choroidt'a  inferior  to  he  reflected  on  the  inner  agpeet  of  the  resti- 
forra  body  fiivA  floor  of  the  ventricle^  the  ependyma  reappears.  Hence  this  edge 
of  ependyma  follows  the  line  of  reflection  of  epithelium  all  the  way  from  the 
calamys  scrip  tor  ins  oblicjuely  upward  and  outward,  and  then  outward  around  the 
upper  end  of  the  resti  form  l>ody,  it  is  not  visible  to  the  naked  eye  until  the  pia 
muter  is  pulled  away.  This  tearing  away  of  the  pia  mater  necessarily  brings 
with  it  the  epithelium  lining  it,  and  there  is  seen  a  very  delicate,  jagged  line  of 
tissue  following  the  course  of  the  "'line  of  reflection  "  just  described.  This  line 
of  tisifiue  is  the  edge  of  the  ependyma  plus  the  torn  cilge  of  epithelium,  and  is  the 
liguta,  not  to  be  confounded  with  the  Ungula.  The  union  of  the  lower  ends  of 
the  two  liguh^  in  the  calamus  scriptorius  is  known  as  the  oheX' 

This  tearing  away  of  the  pia  mater  and  epithelium  also  brings  into  view  the 
free  edge  of  the  inferior  medullary  velum,  especially  its  lateral  portions  on  each 
side  of  the  nodulus, 

Ghoroid  FlexuBes. — ^The  under  surface  of  the  pia-matral  portion  of  the  tela 
ehortiidea  infenar  is  not  smooth.  It  has  a  linear  series,  on  each  side  of  the  mid- 
dle line,  of  minute  vascular  tufts  of  pia-mater  tissue  ju'ojecting  ventndhf.  These  ^ 
tufts^  however,  do  not  pierce  the  epithelial  ^'roof/*  but  are  covered,  ventrallv, 
everywhere  by  the  epithelium.  These  lines  of  tufts  with  their  epithelium  are  the 
choroid  j)lexuses  of  the  fourth  ventricle, 

^Similar,  hut  longer,  tufts  of  pia-tnater  tissue  are  also  prolonged  from  the  pia 
mater  which  lies  beneath  the  epithelium,  closing  in  the  lateral  recess.  These  lastj 
are  collected  into  quite  a  distinct  bunch,  resembling  a  group  of  small  villi,  which 
is  seen  between  the  flocculus  and  outer  asjiect  of  the  restiforra  body.  In  the 
middle  of  these  villi  is  the  pointed  eul-di'-sae  of  the  lateral  recess,  which  by  some 
observers  is  said  to  be  perforated  by  a  minute  foramen. 

A  similar  foramen  is  said  to  be  present  in  the  tela  ehoroidea  inferior  jnst  above 
the  calamus  scriptorius.     This  is  the  so-called  foramen  of  3IaJendie, 

THE  MID-BRAIN  iFigs.  415,  416,  and  439). 

The  mid'brain,  or  mesentepkalofK  is  tliat  portion  of  the  brain  which  connects 
the  pons  Varolii  btdow  with  the  cerebrum  (inter*brain  and  hemis[fheres)  above.  On 
this  account  it  is  sometimes  called  the  isfhnnnf  or  the  a^us  veixhri.  It  has  four 
surfaces — a  superior,  an  inferior,  a  dorsal,  and  a  ventral.  The  frst  two  are  flat- 
tened and  are  atfaehedj  the  suj>erior  to  the  cerebrum,  the  inferior  to  the  pons. 
They  are  also  nearly  parallel  with  each  other.    The  two  latter  are  somewhat  curved 
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transversely,  and  meet  each  other  on  the  side  of  the  mid-brain,  being  separated 
only  by  a  groove,  tbe  suhms  hiteralis,  which  runs  from  below  upward  and  forward. 
The  dorsttl  8urfaee  is  free,  but  is  concealed  from  view,  from  above,  in  the  com- 
plete brain  by  the  overhanging  hemispheres.  The  ventrai  mtrface  is  also  free, 
and  also  concealed,  from  below,  by  portions  of  the  hemispheres,  apices  of  tem- 
poral lobes,  which  overlap  it.  These  two  surfaces  are  not  parallel,  as  the  ventral 
surface,  besides  being  convex  from  side  to  side,  is  slightly  concave  from  below 
upward  and  forward.  The  eavifn  of  the  mul-hrain  is  the  smallest  of  all  the  brain 
-'ventricles/'     It  is  called  the  atiueduet  qf  St/lvius^  and  is  a  mere  tube  whose 
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Fig.  439.— MeduUa,  pout,  »nd  told-bmin  seen  fttjm  tb©  right  ride,  y  \,  (Gegenbaur) 

diameter  is  very  small  compared  to  the  bulk  of  the  mid-brain  in  which  it  lies.  It 
is  situated  close  under  the  dorsal  gurfaet'  in  the  middle  line;  hence  its  direction 
is  upward  and  forward.  It  opens  below  into  the  fourth  ventricle  and  above  into 
the  third  ventricle. 

Mam  Divisions. — The  rnid-tyraui^  as  a  whole,  is  divided  into  two  portions  (Fig, 
440),  a  postero-SKperior  and  an  atitero-ittfcrior^  by  a  lamina  of  gray  matter,  the 
gulistantia  nigra ^  which  is  seen  to  be  convex 
downward  and  from  side  to  side  in  sections 
made  both  dorso-ventrally  and  from  above 
downward.  Hence  this  lamina,  as  a  whole,  has 
an  antero-postertor  curve,  with  the  concavity 
looking  ventrally.  Its  two  edges  lie  along  and 
in  the  sulvus  latrraUs. 

All  of  the  mid-brain  dorsal  to  and  above  (pos- 
tero-superior)  the  substantia  nigra  is  called  the 
tegmentum,  while  that  portion  which  is  below  and 
anterior  (antero-iuferior)  is  known  as  the  eruf<tfe. 

CmstaB* — There  are  two  crustse,  which  diverge  from  each  other  from  below 
upward.  The  lower  end  of  each  is  overlapped  by  the  upper  mar;^in  of  the  tuber 
annulare  of  the  pons.  Each  crusta  is  a  thick,  wide,  rounded  bundle  of  longitudi- 
nal white  fibres,  its  outer  margin  being  limited  by  the  sulcus  htteralis.  Its  inner 
margin  is  free,  and  in  the  interval  between  it  and  the  opposite  crusta  is  the  sub* 
stantia  nigra  passing  across.  Dorsal  to  each  crusta  is  the  substantia  nigra,  and 
on  the  inner  margin  of  each,  where  the  substantia  nigra  is  about  to  cross  over,  is 
a  groove^  the  mesial  mdcuSy  or  sulcus  oculo*motorius,  out  of  which  the  roots  of  the 
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third  nerve  pass.     The  two  crudcB  are  often  spoken  of  as  the  crura  or  peduncuU 
cerebri. 

ribres  of  the  Cnista» — These  are — (1)  the  upward  continuations  of  the  fibres 
of  the  pyramids,  pfframidai  tracts  which  in  parsing  through  the  pons  are  known 
as  lis  ventral  longitudinal  fibres :  this  pyramidal  tract  forms  abnut  the  middle 
third  of  the  crnsta.  Superiorly,  it  is  continued  into  the  middle  part  of  the  internal 
capsule  of  the  hemisphere,  and  thence  to  the  fronto-parietal  or  Rolandic  region 
of  the  cortex,  (2)  The  direct  sensory  tract :  these  fibres  occupy  the  outer  third 
of  the  crusta ;  below,  they  probably  come  from  the  nuclei  pontis  ;  above,  they 
pass  into  the  posterior  part  of  the  internal  capsnle,  and  thence  to  the  cortex  of 
the  occipi to-temporal  regions  of  the  hemisphere,  (3)  Fibres  of  the  inner  third 
of  the  crusta :  the  lower  origin  of  most  of  these  is  not  well  defined.  They  pos- 
sibly arise  from  the  cells  of  the  substantia  nigra.  Above,  they  pass  through  the 
anterior  part  of  the  internal  capsule  to  the  cortex  of  the  prefrontal  region  of  the 
hemisphere*  One  bundle,  however,  is  distinct.  It  is  the  mvsial  filli't  (eee  below). 
As  it  passes  upward  it  crosses  obliquely  outward  through  the  other  fibres  of  the 
crusta,  and  its  fibres  are  finally  lost  in  the  subthalamic  region,  where  they  prob- 
ably become  continuous  with  the  ama  lenticulari^  (sec  page  747).  Below,  it  is 
one  of  the  three  divisions  of  the  Jillet, 

The  substantia  nigra  or  locus  niffcr  is,  as  already  mentioned,  a  lamina  of  gray 
matter  situated  between  the  cnistie  and  tegmentum  and  projecting  here  and  there 
between  the  bundles  of  the  former.  It  is  thicker  at  the  inner  than  at  the  outer 
side,  and  is  traversed  in  its  mesial  part  by  the  fibres  of  origin  of  the  third  nerve- 
It  contains  irregular  nerve-cells,  in  which  are  lodged  numerous  dark  pigment- 
granules.  The  portion  between  the  crustie,  together  with  the  crustie,  form  the 
ventral  surface  of  the  mid-brain,  which,  on  each  side,  is  limited  by  the  sulcUB^^U 
lateralis,  ^^| 

The  Tegmentom*^ — This  comprises  all  that  part  of  the  mid-brain  dorml  to  and 
supt^rior  ta  the  substantia  nigra.  Its  longitudinal  fibres  run  up  through  the 
^^ dorsaV  part,  and  then  bend  forward  in  the  "'superior"  part,  from  which  they 
pass  to  their  destination.  There  are  really  two  tcfimenfa^  but  each  is  united  with 
its  fellow  of  the  opposite  side  by  a  prolongation  of  the  median  septum  or  raphe 
of  the  pons. 

The  tegmentum  consists  of  longitudinal  bundles  of  white  fibres  interlaced  by 
transverse  fibres,  together  with  a  (juantity  of  gray  matter  with  scattered  nerve- 
cells.  It  forms  a  well-marked  formatio  reticularis  similar  to  that  found  in  the 
pons  and  medulla,  with  which  it  is  continuous,  receiving,  however,  a  bundle  of 
fibres  {nuperior  peda/tcle)  from  the  cerebellum. 

The  most  distinct  of  the  lontfitudinai  fibres  comprise  the  following  bundles, 
whose  course  in  medulla  and  pons  has  already  been  described:  {!)  The  posterior 
ton^itudinal  bundle :  this  lies  on  each  si  tie  of  the  median  line  and  just  below  the 
aqueduct  of  Sylvius.  In  the  mid-brain  it  gives  off  fibres  to  the  nuclei  of  the 
third  and  fourth  cranial  nerves,  and  receives  fibres,  in  the  pons,  from  the  nucleus 
of  the  sixth.  At  the  junction  between  the  dorssil  and  superior  surface  of  the 
mid-brain  each  posterior  longitudinal  bundle  passes  dorsal  to  the  aqueduct  and 
across  to  the  opposite  side  in  the  posterior  commissure  ;  some  fibres,  however,  pass 
to  the  subthalamic  region  of  the  same  side;  there  are  also  decussating  fibres 
between  the  two  **  bundles*'  in  the  raphe.  (2)  The  Jillet :  its  mode  of  origin  and 
course  in  the  medulla  and  pons  have  been  described.  Arrived  at  the  mid-brain,  it 
divides  into  three  subdivisions— the  mesial  fillet,  the  upper  fillet,  the  lower  or 
lateral  fillet.  The  first  has  already  been  described  with  the  crusta.  The  upper 
fillet  passes  to  the  superior  corpus  quadrigemirium.  The  lower  fillet  appears  on 
the  dorsal  surface  (see  below).  Above,  its  fibres  pass  to  the  inferior  corpus  quad- 
rigeminum,  being  reinforced  by  some  fibres  from  the  superior  medullary  velum. 
It  also  receives,  through  the  trapezium  of  the  pons,  some  fibres  f^om  the  ventral 
auditory  nucleus  of  the  opposite  side.  (3)  Fibres  from  the  superior  peduncle  of 
the  cerebellum :  these  on  leaving  the  pons  dip  ventrally,  and  beneath  the  corpora 
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quadrigemiDn  tbe  fibres  of  each  peduncle  (lecuasate  with  each  other,  so  that  fibres  i 
from  one  half  of  the  cerebrum  are  continued  in  the  other  half  of  the  cerebellum.  J 
The  fihres  thus  pass  upward  into  the  optic  thalamus^  surrounding,  as  they  go,  ] 
the  ffd  nueleu»j  from  and  to  the  cells  of  which  they  receive  and  give  fibres. 
(4)  Certain  fibres  from  the  nlwan/  nudeus  of  the  medulla:  above,  these  are  trace- 
able into  the  internal  capsule  of  the  hemisphere. 

The  red  nwleus  {Fig.  451),  or  nucleus  of  the  tegmentum,  is  a  cylindrical  masd 
of  gray  matter  on  each  side  of  the  middle  line.      On  cross-siection  it  is  seen  as  aj 
reddish  circle  in  about  the  middle  of  the  tegmentum  ventral  to  the  aqueduct  of 
Sylvius. 

The  following  structures  are  all  grouped  on  the  dorsal  surface  of  the  mid-brain. 
They  belong  to  the  tegmentum,  since  they  are  dorsal  to  the  substantia  nigra. 
This  dorsal  surface  is  limited  by  the  i<uku8  lateralh  on  each  side. 

The  corpora  or  tubercula  quadrigemina  are  four  rounded  eminences  placed  in 
pairs,  two  in  front  and  two  behind,  and  separated  from  one  another  by  a  median 
longittidinal  and  a  transverse  groove. 

They  are  situated  immediately  behind  the  third  ventricle  and  posterior  com- 
missure, and  beneath  the  posterior  border  of  the  corpus  callosura.  Below,  they 
rest  upon  a  layer  of  white  matter,  the  quadrigi'ininttl  himina„  immediately  beneath 
which,  in  the  median  line,  is  the  uqueduet  of  Sylvius.  The  anterior  or  upper 
pair  are  the  larger,  oblong  from  before  backward,  and  of  a  gray  color.  The  pog- 
tenor  or  lower  pair  are  hemispherical  in  f>rm  and  lighter  in  color  than  the  pre- 
ceding. From  the  outer  side  of  each  of  these  eminences  a  prominent  white 
band,  termed  bntchtum^  is  continued.  Those  from  the  anterior  pair  {^raefiitt 
anteriora)  are  long  and  slender,  and  each  passes  at  first  oblii|ueiy  outward,  and 
then  curves  backward,  downward,  and  forward  around  the  posterior  extremity 
of  the  optic  thalamus,  which  overhangs  it,  and  th,en  between  the  inner  and 
outer  geniculate  bodies  into  the  optic  tract.  Those  from  the  posterior  pair 
(brarftia  posteriora)  are  comparatively  short  and  broad,  and  each  passes  to  an 
oval  prominence,  the  internal  geniculate  body,  beneath  which  it  apparently  dis- 
appears. Both  pairs  of  these  bodies  are  composed  of  white  matter  externally 
and  gray  matter  within.  In  fishes,  reptiles,  and  birds  these  bodies  are  only  two 
in  number,  and  are  called  the  optie  iobeg^  from  their  connection  with  the  optic 
nerves;  but  in  mammalia  they  are  four  in  number,  as  in  man.  In  the  human 
foetus  they  are  developed  at  a  very  early  period,  and  form  a  large  proportion 
of  the  cerebral  mass. 

These  bodies  are  apparently  connected  with  the  cerebellum  by  means  of  the 
superior  peduifeles  of  the  cerebellum,  which  are  continued  onward  to  the  optic 
thalami  through  the  tegmentum,  as  already  mentioned. 

Arching  over  the  upper  ends  of  these  peduncles  is  a  flattish  triangular-shaped 
band  of  white  fibres,  the  lenmlBcus  or  lower  fiUei,  which  issues  from  beneath  the 
transverse  fibres  of  the  pons  to  pass  obliquely  round  the  upper  end  of  the  superior 
peduncle  of  the  cerebellum  and  become  lost  in  the  inferior  quadrigemina!  body. 

The  corpora  geniculata  are  two  small,  flattened,  oblong  masses,  placed  on  the 
under  and  back  part  of  each  optic  thalamus,  and  named,  from  their  positions, 
corpus  geniindatum  extemitm  and  internum.  The  two  bodies  are  separated  from 
one  another  by  the  brachium  anterius  from  the  anterior  corpus  quadrigeminum. 

Structure  of  the  Corpora  Qiiadrigemiita  a7id  Genieuiata, — The  peripheral 
gray  matter  of  the  mrpora  qnadnf/emina  differs  somewhat  in  the  posterior  and 
anterior  bodies.  The  posterior  are  composed  almost  entirely  of  gray  matter,, 
covered  over  by  a  thin  stratum  of  white  matter,  and  separated  from  the  central 
gra^  matter  of  the  aqueduct  by  tracts  of  transverse  white  fibres  derived  from,  and 
forming  part  of,  the  lower  fillet.  The  anterior  are  covered  superficially  by  a  thin 
stratum  of  white  matter:  beneath  this  is  a  layer  of  gray  matter,  termed  the 
slratttm  einereum^  and  consi.^ting,  as  well  as  the  gray  matter  of  the  posterior 
lobes,  of  small  multipolar  cells  imbedded  in  a  fine  network  of  nerves.  Beneath 
^-  this,  again,  is  a  characteristic  mass  of  gray  matter,  termed  the  stratum  opticum^  ^^_ 
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which  is  made  up  of  fine  nerve-fibres,  coursing  in  a  longitudinal  direction,  and 
containing  between  theua  small  masses  of  gray  substance,  consisting  of  small  mul- 
tipolar nerve-cells  imbetkled  in  gray  matter.  Lastly,  between  this  body  and  the 
central  gray  matter  around  the  Sylvian  aqueduct  is  a  thin  lamina  of  white  matter, 
derived  from  tbe  upper  fillet. 

The  ifeniruhite  (mtUt'S  are  continnous  with  the  gray  substance  of  the  optic 
thalamus,  and  the  external  one  {eorjuiif  (^eHtimlatum  externum)  is  peculiar  on 
accorint  of  its  dark  color,  due  to  its  cells  containing  pigment.  It  presents 
a  laminated  arrangement,  and  consists  of  alternate  thick  layers  of  gray 
matter  and  thin  layers  of  white  matter.  Its  cells  are  multipolar.  The  internal 
body  (f'orpHs  i/enit-ultUnm  interntifn)  is  of  lighter  color,  does  not  present  a  lami- 
nated arrangement,  and  its  cells  are  smaller  in  size  and  fusiform  in  shape. 
These  bodies,  strictly  speaking,  belong,  the  external  to  the  inter-brain,  and  the 
interntti  to  tbe  mid-brain. 

The  locuH  nu/er^  or  gray  matter  of  tlie  crms  cerebri,  like  the  external  geniculate 
body,  is  peculiar  from  the  large  number  of  dark  pigment-granules  which  are 
contained  in  its  ganglion-cells,  and  which  give  to  it  its  dark  color,  from  which  it 
has  derived  its  name.      Its  cells  are  small  and  multipolar. 

The  Aqueduct  of  Sylvius. — -This  is  tbe  '"ventricle  ''  of  the  raid-brain.  It  is  a 
larrow  tube  into  which  the  fourth  ventricle  opens  below,  and  which  opens  into 
"the  third  ventricle  above,  llence  it  is  sometimes  called  the  iter  a  tertto  ad 
fjuartum  ventrieulum.  It  is  a  little  over  half  an  inch  long.  It  lies  in  the  teg- 
mentum, and  its  course  is  upward  and  forward,  the  same  direction  ns  that  of  tbe 
durnal  surftire  of  the  tegmentum,  on  whieh  tlie  groove  between  tbe  right  and  left 
corpora  quadrigemina  indicaten  its  position.  It  lies  imniediati'ly  ventral  to  this 
groove.  Its  ?'(H{f  is  tlie  lamina  tjuadrigemina^  the  white  layer  which  8Uji|Kirts  the 
corpora  quadrigemina,  and  Jnto  which  are  prolonged  the  fibres  of  the  superior'^ 
medullary  velum.  Its  shape,  on  transverse  section,  varies,  being  T-sImped  near 
the  ionrth  ventricle,  shiebl-sha])ed  about  midway  in  its  course,  and  triangular 
near  the  third  ventricle,  into  whieh  it  opens  just  at  the  bend  between  end  of 
dorsal  surface  anil  beginning  of  the  superior  surface  of  the  mid-brain. 

In  all  cross-sectinns  through  the  aqueduct^/,  f^.  at  right  angles  to  the  plane 
of  the  dorsal  surface,  from  its  beginning  to  end— a  hirt/e  amount  of  tegmental 
tf»8ue  is  to  be  seen  between  it  and  tbe  !<uh}it(t/)tia  nufra^  ventrally.  Hence  the 
latter  can  have  nothing  to  do  with  the  formation  of  the  floor  of  the  afjueduct. 

The  central  gray  matter  surroumling  tbe  Sylvian  aqueduct  presents  some 
features  requiring  especial  mention.  It  forms  a  tolerably  thick  layer  surround- 
ing the  canal,  hut  is  thicker  on  tbe  lower  wall — ^tliat  is,  below  tbe  canal — than 
above.  The  cells,  which  are  multipolar,  are  here  collected  into  groups,  and  form 
nneh'i  for  the  urigln  of  the  third  and  fuurtk  cranial  nerves.  The  niiehftR  for  the 
third  and  fourth  consists  of  a  column  of  cells  of  large  size  on  either  side  of,  and 
close  to,  the  median  line.  In  addition  to  these  cells  there  are  found  at  tbe  per- 
iphery of  the  zone  of  gray  matter  surri>unding  the  aqueduct  some  otlier,  and 
larger »  cells,  sometimes  single,  sometimes  gnuipeil  in  twos  or  tlirees,  or  even 
more.  They  are  globular,  and  lie  in  the  midst  of  well-marked  nerve^fihres,  with 
which  their  processes  appear  to  be  continuous.  Close  to  the  lateral  margin  of 
this  gray  matter,  in  its  lower  part,  is  tbe  upper  end  of  the  upper  nueleus  of  the 
fifth  nerve. 

The  third  nerre  passers  from  its  nucleus  in  a  somewhat  curved  manner  through 
the  tegmentum,  and  emerges  from  the  oculo-motor  groove  on  the  inner  margin  of 
the  criista.  Some  of  its  fibres,  how^ever,  from  the  dorsal  part  of  the  nucleus, 
decussate. 

Thv  fourth  nerve  passes  downward  from  its  nucleus  tOTvard  the  pons,  on  enter- 
ing which  it  turns  dormlttf,  and  then  runs  transve^-sely  in  the  superior  mednJtartf 
Velum,  crossing  the  middle  line  ami  derussuting  with  its  fellow,  to  emerge  from 
the  rlorsal  surHtce  of  the  velum.  It  then  curves  obliquely  downward  and  for- 
ward, resting  on  the  cru9ta. 
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Superior  Surface  of  Hid-brain. — TLe  .superinr  surface  of  x\w  miil-brain  begins 
jiiat  anterior  to  the  auterior  pair  of  the  corpora  (jiiailrigemina.  It  is  directed 
downward  and  forward,  and  meets  the  upper  extremity  of  the  ventral  surface  at 
quite  an  acute  angle.  The  funtnt!  purtiah  u^  thi.s  surface  is  narrow  and  free.  It 
consists  of  tetjmejdiuiK  and  forms  the  fir>t  part  (from  behind  forward)  of  the  fioor 
of  the  third  vnitrirj*'  (Fig*  44:^).  Of  each  hihral  portion  the  area  immt'diafch/ 
aJjifcent  fn  the  central  pfirtion  is  also  tegmentnm,  an<l  has  resting  on  it  and  is 
chD8ely  connected  with  the  optie  fhtibniuim  of  the  inter-brain.  External  to  this 
area  is  the  '*  margin  '*  of  the  superior  surface,  which,  when  the  raid-brain  is  iso- 
lated by  dissection,  is  seen  to  consist  of  the  upper  ends  of  the  fibres  of  the  crusta, 
cut  across  just  as  they  are  about  to  he  con  tin  nous  with  those  of  the  internal  cap- 
sule of  the  hemisphere  (>ee  Figs.  400  and  461). 

Posterior  Perforated  Lamina,— In  vertical  transverse  sections  through  the  pos- 
ter ior  p(trf  of  the  optic  thtilumi  and  superior  surface  of  the  mid-bram  the  tegmeii- 
tam  IS  clearly  to  be  distinguished,  both  the  portions  beneath  the  optic  thalarai 
and  the  central  free  portion  between  them  (beginning  of  floor  of  third  ventricle). 
In  all  similar  sections  nmde  anterior  to  this,  however,  the  tegmentum  is  seen  to 
become  less  and  less  distinct,  until  it  linally  disappears,  and  we  have  only  the 
optic  thalami  lying  dorsal  to  the  substantia  nigra,  which  last  also  hrirlges  over 
the  interval  (third  ventricle)  between  them.  T/tis  portion  of  the  substantia  nigra 
is  the  anterior  part  of  that  (already  mentioned)  which  is  seen  in  the  interval 
between  the  crustae.  It  is  called  the  posterior  perforated  htminit^  and  is  the 
second  structure,  from  behind  forward,  forming  the  floor  of  the  third  ventricle. 

Subtlialaiiiic  Region.- — The  gradual  ilisaf>pearance  of  the  legmentunj  in  the 
cross-sections  just  reft*rred  to  is  tlue  to  tlie  blending  of  the  tegmeutnl  tissue  with 
that  of  the  superjacent  portion  of  the  optic  thalamus,  the  central  tegmental  tissue 
also  thinning  out  as  the  lateral  parts  are  thus  absorbed.  To  this  tissue,  thus 
made  up  of  tegmentum  and  optic  thalamus,  the  name  subthithfmie  tegmental 
region  is  given.  In  it  are  seen  the  remnant  of  the  red  nueleiis  on  each  side, 
together  with  what  corresponds  to  the  lateral  parts  of  the  substantia  nigra^ — 
nmhui^  of  Lut/A,  Dorsal  to  this  is  the  zona  ineerfff^  a  layer  of  reticular  formation 
derived  from  that  of  the  tegmentum  proper,  and  still  more  dorsally  is  the  stratum 
dorsah\  a  layer  of  longitudinal  fibres  derived  from  the  posterior  longitudinal 
bundle  and  auperior  pediinele  of  the  cerehellum  (see  page  742). 

THE  INTER-BEAIN  <  Fig.  441  l 

The  mter-braiii|  or  thalamencephalon  (/.  e.  thalamencephalon  proper  and  prosen- 
cephalon, see  page  70(>!,  together  with  the  hemispheres,  constitutes  the  cerebrum, 

Anteriorlg^  the  inter*hraiu  is  connected  with  the  combined  frontal  lobes  of  each 
hemisphere;  lateraUtf^  it  is  connected  with  the  inner  aspect  of  each  hemisphere; 
super ftirlify  it  has  resting  on  it,  but  with  two  layers  of  pia  mater  interposed,  the 
under  surface  of  the  combined  hemispheres;  posteriorhf^  it  is  connected,  niesially, 
with  the  lamina  (juadrigemina  of  the  mid -brain,  beyond  which  connection,  on 
each  side,  it  is  free,  this  free  portion  being  the  rounded  posterior  extremity 
puknnar)  of  the  optic  thalamus. 

The  earitif  of  the  iuter-brain  is  the  third  ventrieh\  a  vertical  aDtero-posterior 
slit  lying  between  the  optic  thalami,  which  are  the  thick  side-waUs  of  the  inter' 
brain  (see  also  Figs,  447  and  451).  The  roof  proper  of  the  ventriele  is  a  layer  of 
epithelium,  like  that  of  the  lower  half  of  the  fourth  ventricle,  which  stretches 
between  the  optic  thalami,  ami,  together  with  their  superior  surfaces,  constitutes 
the  upper  surface  of  the  iiiter-hraiu.  Hence  (see  above)  the  under  surface  of  the 
combined  hemispheres  lies,  in  the  middle  line,  on  the  roof  of  the  tliird  ventricle, 
but  with  two  layers  of  pia  mater  (velum  interposjtum)  interposed.  The  floor  of 
the  third  ventricle  almost  meets  the  roof  posteriorly,  being  separated  from  it  only 
by  the  orifice  of  the  Sylviau  aqueduct,  and  then  proceeds  downward  and  forward 
until  it  attains  its  greatest  distance  from  the  roof  (infundibulum),  where  it  turns 
upward  and  forward,  and  finally  upward   to  meet  the   anterior  end  of  the  roof 
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proper;  This  '^  upward  prolongation  "  of  the  floor  is  known  as  the  **  anterior 
boundary"  of  the  ventricle. 

Tke  Optic  Thalamus. — Each  ifptk  thahvnus  is  a  large  oblong  mass  of,  chiefly, 
gray  matter.  It  has  two  rounded  extremities,  anterior  and  posterior,  and  four 
Burfaces,  superior,   inferior,  external,  and   internaL 

The  infer hr  surfaee  rests  upon,  and  is  united  with  its  corresponding  part  of 
the  tegmentum*  The  external  surface  lies  in  contact  with  the  mternal  eapsnle  of 
the  hemisphere.     Its  iniernal  surface  forms  the  lateral  boundary  or  wall  of  the 
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third  ventricle  (Figs.  447,  442,  441).     Its  upper  mirface  is  free,  and  is  traversed  i 
by  a  groove  from   behind  forward  and   inward.     The  portion  external  to  tbia  ' 
groove  is  seen  in  the  tloor  of  the  body  of  the  lateral  ventricle,  but  it  is  covered 
by  a  layer  of  epithelium  continuous  with  that  lining  the  lateral  ventricle.       It  is 
marked  in  front  by  an  eminence,  the  mtferior  tubercle.     The  portion  of  the  upper 
surface  internal  to  the  groove  ia  covered  by  the  velum  interpositum. 

The  pmterior  extremitif  of  the  optic  thalamus  projects  beyond  the  level  of  the 
corpora  quadrigcmina,  and  forms  a  well-marked  prominence,  the  posterhr  tubercle 
ot  pulvinar  in  close  connection  with  wliich  are  two  small  rounded  eminences,  the 
internal  and  external  genunilate  hndieSj  the  interual  lying  in  the  groove  betweea 
the  dorsally  projecting  pulvinar  and  side  of  the  mid-brain,  the  external  being  placed 
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iin mediately  beneath  the  pulvinar  (Figs.  439  and  443).  Its  anterior  extremity^ 
which  is  rounded  and  smaller  than  the  posterior,  forms  the  posterior  boundary  of 
the  foramen  of  Monro. 

Structure  of  the  Optic  TlialamitB* — The  ^iptie  thalamus  is  chiefly  formed  of  gray 
matter,   covered  over  by  a  superficial  layer  of  white,   which  on  the  outer  side 
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{external  medullary  lamina)  separates  it  from  the  internal  capsule.  This  layer 
on  the  upper  surface  is  known  as  the  stratum  zonaU^  and  is  prolonged  downward 
on  the  internal  surface. 

The  gray  matter  is  arranged  in  two  masses,  the  outer  and  inner  nuclei^  par- 
tially divided  by  a  vertical  white  septum,  S-shaped  on  section,  the  internal  medul- 
lary  lamina.     The  thalamus  is  traversed  by  numerous  nerve-tibres,  wbieli  for  the 
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most  part  have  no  definite  direction :  some,  however,  converge  and  form  various 
bundles  which  pass  out  of  the  optic  thalamus  to  blend  with  the  white  matter  of  the 
hemispheres,  as  follows  :  (1)  from  its  anterior  extremity  to  the  frontal  lobes  (anti'rior 
stalk  of  thalamus);  (2)  from  its  lower  part  (subthalamic  region)  to  (a)  lenticular 
nucleus  of  corpus  striatum  {ansa  hntieularh)  and  (^)  internal  capsule  (ansa  pedun- 
€ulari»),  the  fibres  of  which  pass  below  the  lenticular  nucleus  and  into  the 
**  external  capsule"  of  the  hemisphere;  (3)  from  its  outer  surface  through  inter- 
nal capsule  to  parietal  and  temporal  lobes ;  (4)  from  pulvinar  (outer  aspect)  to 
occipital  lobe.  These  last  are  long  and  curve  backward,  and  radiate  toward  the 
cortex.  They  are  called  the  optic  radiations.  They  connect,  through  the  pulvinar, 
with  the  outer  root  of  the  optic  tract.  The  gray  matter  contains  comparatively 
large  nerve-cells,  both  multipolar  and  fusiform.     The  inner  nucleus  is  connected 
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across  tlie  middle  lino  witL  the  mner  nucleus  of  the  opposite  side  by  the  middJe 

Leummimure  of  the  third  ventricle.  The  outer  nucleus  is  cuotinued  into  the 
pulvinar. 
There  are  two  other  smaller  nuelei  in  the  optic  thalamus — one  the  nurJeu»  of 
the  anterior  tnherch^  atid  the  other,  just  beneath  the  trifjofnan  Ittiht'tnfhr  (see 
below)^  the  t/nnt/Uon  of  the  habenulii.  There  are  also  two  bundles  nf  fibres  in 
addition  to  those  just  described.  One  of  these  runs  tkrotrt/h  the  ttnhriar  purt  of 
pile  optic  thalamus.  It  is  the  anterior  pillar  of  the  foruix,  and  will  be  again 
referred  to,  as  will  also  the  other,  much  smaller,  the  bundle  of  Vicij  d*  Azyr,  whose 
fibres  ruD  downward  from  their  origin  in  the  cells  of  the  nneleum  of  the  anterior 
tuherele^  just  nientifuied. 

The  third  ventricle  (Figs,  442,  447^  451)  is  the  fissure  placed  between  the  optic 
thalami  and  extending  to  the  base  of  the  brain.  It  is  hoimdeJ,  abore,  by  the 
posterior  commissure  and  the  under  surface  of  the  vehim  interpositura,  lined  with 
epjtiielium,  from  which  are  suspended  the  choroid  pdexuses  of  the  third  ventricle. 
Its  0om\  somewhat  oblique  in  its  direction,  is  formed,  from  lie  fore  backward,  by 
the  lamina  cinerea,  the  tuber  cinereum  and  infundtbulum,  the  locus  jurforatua 
posticus  (posterior  perforated  lamina)  and  behind  these  by  the  tegmentum  of  the 
mid-brain  ;  its  sides  arc  formed  by  the  internal  surfaces  of  the  optic  thalami-  It 
is  bounded,  in  fronts  by  the  lamina  cinerea,  while  the  extreme  upper  part  of  its 
''  anterior  boundary  "  is  a  layer  of  epithelium  coverings  posteriori i/^  and  through 
which  are  seen,  from  within  the  ventricle,  the  anterior  pillars  of  the  fornix  and 
middle  part  of  the  anterior  commissure. 

Tliese  last-named  structures  belong  to  the  hemispheres,  and  the  epithelium 
covering  them  posteriorly  is  the  same  layer  as  that  which  lies  in  contact  with  the 
lamina  cinerea,  whiidi  itself,  on  reaching  the  anterior  commissure,  passes  in  front 
of  it,  and  is  continuous  with  the  corpus  callosum  of  the  hemispheres.  This  extreme 
upper  part  of  the  lamina  cinerea  is  often  called  the  lamina  tcrminali^.  It  is  the 
representative  in  the  adult  brain  of  the  anterior  end  of  the  primary  fore-brain, 
around  and  in  front  of  which  have  grown  the  anterior  parts  of  the  hemisphere 
vesicles  to  form  the  frontal  lolies  of  the  hemispheres. 

The  lateral  extension  of  this  epithelial  layer  is  through  the  corresponding  fora- 
men of  Monro,  which  lies  just  behind  each  anterior  pillar  of  the  fornix. 

The  various  structures  which  enter  into  the  fi.>rmation  of  the  third  ventricle 
will  now  be  described  more  in  detail,  beginning  with  those  of  the  ROOF  (Fig*  442). 

The  posterior  commissure  is  a  distinct  rounded  bundle  of  white  fibres  running 
transversely  just  above  the  opening  of  the  Sylvian  arpieduct.  The  pineal  gland 
is  placed  above  it  antl  connected  to  its  upper  surface.  It  is  made  up  of:  (1)  tlie 
comhined  upper  ends  of  the  two  posterior  longitudinal  buudles  (see  tegmentum  of 
mid-brain)  as  each  bends  to  the  tipposite  side  in  order  to  pass  through  the  opposite 
optic  thalamus  and  reach  the  white  substance  of  the  hemisphere;  (2)  commissural 
fil>res  between  the  optic  thalami ;  (3)  fibres  from  one  anterior  corpus  quadrigem- 
inum  to  the  oppimte  upper  fillet. 

The  pineal  gland  {tpiphi/sis  eerehri)^  bo  named  from  its  peculiar  shape  (jjwjiw, 
a  fir-cone),  is  a  small  reddi?^h-gray  body,  conical  in  form  (hence  its  synonym, 
conarium),  placed  immediately  behind  the  posterior  commissure  and  between  the 
anterior  corpora  quadrigemina.  It  is  retained  in  its  position  by  a  duplicature  of 
pia  mater  derived  from  the  under  layer  of  the  velum  interpositum,  which  almost 
completely  invests  it.  The  pineal  gland  is  about  four  lines  in  length  and  from 
two  to  three  in  width  at  its  base,  and  is  waid  to  be  larger  in  the  child  than  in  the 
adult,  and  in  the  female  than  in  the  mak\  Its  base  is  connected  to  the  optic 
thalami  by  a  stalk,  whicli  consists  of  two  laminie,  an  upper  and  a  lower,  the  inter- 
vening space,  apex  toward  the  gland,  being  known  as  the  pineal  reergg.  The 
lower  or  ventral  laatina  is  derived  from  tiie  lower  aspect  of  the  posterior  commis- 
sure, and  is  re^eclcil  upwunl  and  backward  to  meet  the  upper  or  dorsal  layer  at 
the  base  of  the  gland.  The  dor  mi  I  lamina  is  the  direct  continuation  backward  of 
the  epithelial  roof  of  the  third  ventricle.     When  this  is  torn  away   the  dorsal 
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lainins  necessarily  lias  a  free  ed^e  looking  forward-  On  eacb  pide  this  lamina  is 
prolonged  into  a  suiuewbat  triangular-shaped,  depressed  area  on  the  upper  surface 
of  the  optic  thahimus,  known  as  the  triifonum  hnhenuhv^  because  the  word  *'ha- 
beiHila"  (bridle)  is  often  applied  to  this  dorsal  lamina  of  the  stalk,  The/r«f  edge 
of  the  hiniina  is  also  prolonged  as  a  dtdicate  whitish  band  on  to  the  optic  thalamus, 
on  whieh  it  runs  forward  along  the  sharp  margin  ufneh  separates  the  superh^r 
from  the  itdtrual  surface  of  the  thalamus.  These  hands  are  xlw piucid  atrt^r  or 
peduncles  of  the  pineal  gland.  Anteriorly  each  blends  with  the  corresj>onding 
anterior  pillar  of  the  fornix. 

Structure, —The  pineal  gland  consists  of  a  number  of  follicles  lined  by  epithe- 
Hnm  and  connected  together  by  ingrowths  of  connective  tissue*  The  follicles 
contain  a  transparent  viscid  fluid,  and  a  i|uantity  of  sabulous  matter,  named 
aeervuliis  cerebri^  composed  of  phosphate  and  carbonate  of  lime,  phosjdiate  of 
magnesia  and  ammonia,  witii  a  little  animal  matter.  These  eoneretions  are 
almost  constant  in  their  existence,  and  are  found  at  all  fieriods  of  life.  At  times 
the  sabulous  matter  is  found  upon  its  surface,  and  occasionally  upon  its  peduncles. 
In  the  fcetal  brain  the  pineal  gland  is  a  hollow  protrusion  from  the  posterior  part 
of  the  roof  of  the  inter-brain. 

The  Epithelial  Roof. — This  stretches  across  the  third  ventricle  from  rme  pineal 
stria  to  the  other,  and  then  is  reflected  downward  to  become  continuous  %vith  the 
epitbclium  covering  the  side  of  the  ventricle  (internal  surfaces  of  tbalami).  The 
epithelium  is  not  continued  on  to  that  part  of  (he  superior  surface  of  the  thala- 
mtis  which  is  adjacettt  to  the  jnm'al  ^triay  and  which  is  internal  to  the  obli^pie 
shallow  groove,  already  referred  to,  which  runs  along  this  surface.  External  to 
the  groove,  however,  this  upper  surface  is  covered  by  epithelium,  but  this  epithe- 
lium belongs  to  the  lateral  ventricle. 

The  roof  epifhelinm  of  the  third  ventricle  is  continued  anteriorly  between  the 
pineal  stri?^  until  just  before  they  join  the  down-curving  anterior  pillars  of  the 
fornix,  where  it  is  interrupted  by  the  foramen  of  ilonro,  around  the  margin  of 
which  it  passes  into  continuity  with  the  epithelium,  lining  its  own  ventricle  and 
the  lateral  ventricle. 

The  relvm  interpositum  (Fig,  458)  is  a  vascular  membrane,  a  prolongation 
from  the  ])ia  mater.  It  is  of  a  triangular  form,  and  separates  the  under  surfaces  < 
of  the  body  of  the  fornix,  posterior  pillars  of  the  fornix,  and  posterior  part  of 
corpus  callosum  above  (the  last-named  structures  represeDting  the  ^'  under  surfjice 
of  the  combined  hemisjdieres '*)^  from  the  cavity  of  the  third  ventricle  and  the 
inner  portions  of  the  superior  surfaces  of  the  optic  tbalami  below.  Its  anterior 
extremity,  or  apexy  is  bifid,  each  bifurcation  lying  close  to  anil  behind  the  corre- 
sponding anterior  pillar  of  the  fornix,  and  hence  ''  in,"  but  covered  by  epithelium, 
the  foramen  of  Monro.  Its  base  lies  beneath  the  posterior  rounded  border  of  the 
corpus  callosum  above,  and  the  optic  tbalami,  the  corpora  i|uadrigemina,  and 
pineal  gland  below 

The  velum  interpositum  is  composed  of  two  lat/erf^  of  pia  mater,  which  sepa- 
rate from  each  other  at  its  base,  the  upper  layer  passing  backward  on  the  under 
surface  of  the  occipital  lohes  of  the  hemispheres,  the  lower  layer  passing  down- 
ward over  the  mid-bmin,  pons,  and  rerebellum.  At  the  apex  the  two  layers  are 
continuous  with  eacb  other,  as  well  as  at  the  mnrgiuH^  which  are  free  and  lie  along 
and  project  a  little  beyond  the  groove^  already  referred  to,  which  runs  forward  and 
inward  on  the  superior  surface  of  the  tlialamus.  Along  this  margin  is  the 
choroid  pJfUUB  (tf  the  iaterftf  ventri(d(\  which  is  covered  by  the  mesial  prolongation 
of  the  layer  of  epithelium  covering  tlie  outer  portion  of  the  ufiper  surface  of  the 
thalamus.  After  investing  the  margin  of  the  velum  interpositum  tVie  epithelium, 
still  prolonged  nu-sially»  is  attached  to  the  edge  of  the  fornix,  under  which  the 
velum  lies  and  beyond  which  it  projects.  As  will  be  seen  later,  the  fornix  forms 
part  of  the  floor  of  this  district  of  the  lateral  ventricle:  hence  th^f  roughened i 
thickenetl  margin  (choroid  plexus)  of  the  velum  interpositum  really  invaginates 
into  the  lateral  ventricle,  that  part  of  its  ^t>or  which  has  become  thinned  out  to  a 
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layer  of  epitheUum,  and  which  stretches  from  the  edge  of  the  fornix  outward  over 
the  thalamus  (outer  part  of  its  superior  surface)  to  the  taenia  semicircularis  (a 
structure  forming  pnrt  of  the  floor  of  the  lateral  ventricle),  w^hich  lies  along  that 
margin  of  the  optic  thalamus  which  separates  its  superior  from  its  external  surface. 

Tela  Choroidea  Superior. — ^From  the  preceding  it  is  clear  that  the  under  lai/er 
of  the  velum  interpositum  hm  three  districts — a  mesial  and  two  lateral,  the  latter 
resting  on  the  upper  vsurfaces  of  the  thalamic  the  former  on  the  '*  roof  epithelium  '* 
of  the  third  ventricle,  with  which  it  forms  jjractically  one  membrane.  This  mem- 
brane is  the  tela  chorokh-a  nifperior^  and  is  exactly  similar  to  the  tela  choroidea 
inferior  of  the  fourth  ventricle. 

The  reason,  on  embryological  grounds,  for  the  existence  of  two  layers  of  the 
velum  interf>ositum  will  be  given  in  describing  the  choroid  plexuses  of  the  lateral 
ventricles. 

Of  the  structures  forming  the  flooh  (Figs.  442,  446)  of  the  third  ventricle,  the 
tegmentum  of  the  mid-brain  has  been  described.  The  rest  of  the  floor,  including 
the  '*  anterior  boundary/*  is  a  gray  lamina  prolonged  from  the  »uh»tantia  nlgra^ 
and  its  ventral  surface  appears  at  the  base  of  the  brain,  where,  however,  the 
tegmentum  cannot  be  seen  (Fig.  473).  Various  portions  of  this  lamina  have 
received  different  names.  Each  of  these  will  now  he  considered,  beginning  pos- 
teriorly. 

The  posterior  perforated  lanuna  succeeds  the  tegmentum.  It  is  the  anterior 
part  of  that  portion  of  the  substantia  nigra  which  appears  in  the  interval  between 
the  diverging  crusti^  of  the  mid-brain  on  each  side  and  the  upper  margin  of  the 
tuber  annulare  of  the  pons  Varolii  posteriorly  and  below,  Togetlur  with  that 
portioti  it  is  often  called  the  posterior  perforated  apace  (  pons  Tariuf).  It  reaches 
forward  as  far  as  the  mamdlary  tuberek»^  beyond  which  the  gray  lamina  is  known 
as  the  tether  emereum* 

The  ''  space  *'  is  perforated  by  numerous  small  orifices  fur  the  passage  of  the 
postero-mediau  ganglionic  branches  of  the  posterior  cerebral  and  posterior  commu- 
nicating arteries. 

The  coriK>Ta  albicantiat  or  mamillaria,  or  mamillary  tubercles,  arc  two  small, 
round,  white  masses,  each  aliout  the  sizt*  of  a  small  pea,  placed  sidu  by  side  imme- 
diately behind  the  tuber  cinereum.  Each  projects  downward  from  the  under 
surface  of  the  optic  thalamus,  the  exceedingly  narrow  interval  between  tbem  being 
bridged  over  by  a  gray  commissure  continuous  with  the  posterior  perforated  lamina 
behind  and  the  tuber  cinereum  in  front.  Each  is  composed  externally  of  white 
substance  and  internally  of  gray  matter,  the  gray  matter  of  the  two  being  con- 
nected by  the  transverse  commissure  of  the  same  material  just  nientioned. 

The  fibres  of  the  white  substance  terminate  in  the  cells  of  the  gray  matter, 
an  i\  t  h  ey  a  re  d  er  i  v  ed  fro  i  n  t  wo  d  i  st  i  n  c  t  b  u  n  d  1  es  :  on  c ,  dee  j  >  ly  situ  a  tc  d  in  the  s  u  b  - 
stance  of  the  optic  thalamus,  is  the  bundle  of  Vieq  d'Azgr^  already  mentioned; 
the  other,  much  larger,  is  the  anterior  pillar  of  the  fornix,  which,  after  bending 
sharply  downsvard  around  the  foramen  of  Monro,  passes  obliquely,  downward  and 
backward,  through  tbc  substance  of  the  anterior  portion  of  the  thahimus,  to  ter- 
minate in,  and  thus  help  to  form,  the  corresponding  corpus  albicans  or  btdb  of  the 
fornix.  In  its  course  through  the  thalamus  it  lies  quite  near  the  internal  surface, 
and  may  even  cause  a  slight  projection  on  the  side  of  the  third  ventricle. 

The  tuber  cinereum  is  the  next  portion  of  the  general  Lamina  of  the  floor. 
It  is  wider  than  the  jmsterior  jjcrforated  lamina,  and  blends  laterally  with  the  sub- 
stance of  the  lower  and  anterior  part  of  the  tlialamns,  while  antero-lateraily,  pass* 
ing  dorsal  to  the  optic  tract,  it  extends  beyond  the  limits  of  the  thalamus  into  the 
gray  matter  of  the  anterior  perforateil  space  on  the  under  surface  of  the  hemi- 
sphere. xVnteriorly,  it  is  attached  to  the  posterior  edge  of  the  optic  commissure. 
From  the  middle  of  its  under  surface  a  conical  tubular  process  of  gray  matter, 
about  two  lines  in  length,  is  continued  downward  and  forward,  to  be  attached  to 
the  posterior  lobe  of  the  pituitary  body  :  this  is  the  infuiidibulum.  Its  canaU 
which  is  funnel-shaped,  communicates  with  the  third  ventricle. 
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The  pituitary  body  (  hi/popkj/sie  cerebri)  is  a  small  reddisli-gray  vascular  mass 
weighing  from  five  to  ten  grains,  and  of  an  oval  form,  situated  in  the  sella  Tur- 
cica, in  connection  with  which  it  h  retained  by  a  process  of  dura  mater  derived 
from  the  inner  wall  of  the  cavernous  sinus*  This  process  covers  in  the  pituitarj 
fossa,  enclosing  ttie  pituitary  body,  and  having  a  small  hole  in  the  centre  througn 
which  the  infundibulum  passes.  The  pituitary  body  is  very  vascular,  and  consist 
of  two  lobes,  separated  from  one  another  by  a,  fibrous  lamina.  Of  these,  the  ante- 
rior is  the  larger,  of  an  oblong  form,  and  somewhat  concave  behind,  where  it 
receives  the  posterior  lobe,  which  is  round.  The  two  lobes  differ  both  in  develop- 
ment and  structure.  The  antt'rior  lobe,  of  a  dark,  yellowish-gray  color,  is  devel* 
aped  as  a  tubular  prolongation  of  the  epi blast  of  the  buccal  cavity,  and  resembles 
to  a  considerable  extent,  in  microscopic  structure,  the  thyroid  body*  It  consists 
of  a  number  of  isolated  vesicles  and  slightly  convoluted  alveoli  lined  liy  epithe- 
lium and  united  together  by  connective  tissue.  The  epithelium  is  columnar,  and 
occasionally  ciliated.  The  alveoli  sometimes  contain  a  colloid  material  similar 
to  that  found  in  the  thyroid  body,  and  their  walls  are  surrounded  by  a  close  net- 
work of  lymphatics  and  capillary  blood-vessels.  The  ptwterior  lohe  is  developed^ 
by  a  hollow  outgrowth  from  the  embryonic  brain,  and  during  foDtal  life  contains 
cavity  which  communicates  through  the  infundibulum  with  the  cavity  of  the  third 
ventricle.  In  the  adult  it  becomes  firmer  and  more  solid,  owing  to  the  growing 
in  of  a  spongedike  connective  tissue  arranged  in  the  form  of  reticulating  bundles, 
between  which  are  branched  cells,  some  of  them  containing  pigment. 

The  lamina  cinerea  begins  at  the  posterior  border  of  the  optic  commissure,  in 
continuity  with  the  tuber  cinereum.  It  passes  forward  and  downward  over  the 
commissure,  to  whieh  it  is  adherent,  and  then  turns  upward,  forms  the  anterior 
boundary  of  the  third  ventricle,  and  terminates,  as  the  lamina  termmalw,  by 
blending  with  the  middle  portion  of  the  anterior  extremity  of  the  corpus  cal- 
losum.  It  is  continuous  on  each  side  with  the  gray  matter  of  the  anterior  per- 
forated space.  The  angle  made  by  the  upward  bend  of  the  lamina  is  known  as  ' 
the  optiv  r^'ccsH. 

The  anterior  boundary  of  the  third  ventricle  is  the  lamina  cinerea  below  ; 
above  this,  for  a  very  short  distance,  the  anterior  boundary  is  the  layer  of  epithe- 
lium covering  portions  of  the  posterior  aspects  of  the  anterior  commissure  and 
anterior  pillars  of  the  fornix,  as  already  explained. 

The  SIDES  of  the  ventricle  are  the  mtrrnal  surfrerj^  of  the  thalamL  Each  is 
slightly  convex,  and  just  in  front  of  the  middle  point  of  each  is  attached  tbe  cor- 
responding extremity  of  the  middle  commissxire,  a  band  of  gray  matter  which 
passes  right  across  the  ventricle.  It  is  frequently  broken  in  examining  tbe  brain, 
and  might  then  bo  supposed  to  be  wanting.  A  little  more  anteriorly  is  seen  a 
somewhat  eurveth  from  above  downward  and  backward,  elevation  (anterior  pillar 
of  fornix,  already  explained).  As  these  pillars,  traced  upward,  become /mr,  they 
bend  sharply  upward  and  backward,  thus  forming  a  completed  cur%^e,  each  enclos- 
ing in  front  and  above  the  foramen  of  Monro,  which  has  for  its  posterior  boundary 
a  part  of  the  anterior  extremity  of  the  oj^tic  thalamus. 

Antero-inferiorly  to  the  curved  elevations  is  still,  on  each  side,  a  small  portion 
left  of  the  internal  surface  of  the  thalamus,  connected  to  the  similar  opposite  por* 
tion,  below  and  in  front,  by  the  tuber  cinereum  and  lamina  cinerea.      It  is  thus 
seen  that  all  these  structures   really  form  the  anferior  eslremifif  of  th*'  third  vtn- 
tride  (see  page  70*)),  which  is  the  pros-ti'twrphalon^  or,  in  the  ffctal  braiu^  the  first 
secondary  cerebral  vesicle.      Hence  the  '^curved  elevations"  may  be  regarded  as 
indicating,  approximately,  the  line  of  division  or  constriction   between  the  first 
and    second    secondary   cerebral    vesicles  ([>rosencephalon   and   thalmencephaloaj 
proper),  while  the  foramina  of  Monro  iirv  to  be  regarded  as  opening  from  thej 
prosencephalon,  and  tbus  represent  the  tVetsil  foramina  caused  by  the  bulging  outl 
of  the  heniis|diere  vesicles  (see  Figs.  412,  413,  414). 

The  choroid  plexuses  of  the  third  ventricle,  formed  like  those  of  the  fourth, 
lie  along  the  roof,  projecting  downward,  one  on  each  side  of  the  middle  line. 
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They  are  covered  with  epitheliuu],  aud  are  derived  from  the  lower  layer  of  the 
velum  interpositura.  Of  the  arterie»  of  the  velum  interpf>situm,  some  branches 
from  the  superior  cereheliar  and  posterior  cerebral  enter  from  behind  beneath  the 
corpus  callosum.  The  rfhiit  of  the  velum  interpo?^itum,  the  nrntr  iraleni,  two  m 
ninnber.  run  between  its  layers;  they  are  formed  by  the  vena^  eorporin  8triati  and 
the  VOIDS  of  the  dioroid  jdexuses;  the  vena_^  Galeni  unite  poisteriorly  into  a  single 
trunk,  which  terminates  in  the  .straight  sinus  (Fig.  383). 

OpcEiEgs. — The  third  ventricle  has  four  openings  connected  with  it.  In  front 
are  the  two  forauiina  of  Monro,  one  on  each  side,  through  which  the  third  com- 
niunicates  with  the  lateral  ventriclesi.  Behind  is  a  third  opening,  that  of  the 
affiit'fhfet  of  Sf/b'iui^,  or  itrr  fi  tirtio  ad  fpiarfum  Vi'tttrieulum.  Tlie  fourth,  sit- 
nated  in  the  anterior  piirt  of  the  floor  of  the  ventricle,  is  a  deep  pit,  which  leads 
downward  to  the  funnel-shaped  cavity  of  the  infundibulum  {iter  nd  infitttdibuUim). 
A  fifth  opening  exists  in  the  foetus  which  communicates  behind  with  the  cavitj 
in  the  pineal  gland. 

The  lining  memhrone  of  the  lateral  ventricles  is  continued  through  the 
foramen  of  Monro  into  the  third  ventricle,  and  extends  along  the  iter  a  tertio 
(aqueduct  of  Sylvius)  into  the  fourth  ventricle;  at  the  bottom  of  the  iter  ad 
infundibulum   it  ends  in  a  rul-dt'-sac. 

The  Optic  Tracts  (Figs.  415,  443), — These  are  two  well-marked  flattened  bun- 
dles of  fibres  which  lie  along  the  upper  parts  of  the  crustse.  They  are  attached 
only  hy  their  uppfv  edfp's^  which  also  serve  to  mark  the  transition  between  upper 
limit  of  eruRta  and  internal  capsule  of  hemisphere.  These  edges  also  mark  the 
limit  of  separsition,  w^ithout  tearing,  between  the  tempo ro-sphenoidal  lobes  of  the 
hemispheres,  which,  at  the  base  of  the  brain,  overlap  the  optic  tracts  and  the 
erustae.  Each  tract  was  originally  a  hollow  outgrowth  (optic  vesicle)  from  the 
back  part  of  tlje  fore-brain.  Anteriorly  each  unites  with  the  other  to  form  the 
optie  vommistsurt\  The  Jihn's  of  each  are  ileseribed  in  connection  with  the  optic 
7ieriu'  (which  see). 

THE  HEMISPHEEE3, 

General  Considerations  and  Development. 

The  two  hemispheres  are  by  far  the  largest  portion  of  the  encephalon,  each 
one  in  bulk  exceeding  somewhat  all  the  other  divisions  of  the  brain.  Together 
with  the  fore  part  of  the  third  veotriele  they  form  what  is  called  by  some  writers 
the  jirosencepbalon  or  fore*brain. 

Each  hemisphere  is  an  enormously  developed  **"  hemisphere  vesicle  *'  whose 
cavity  is  the  lateral  ventneh\  and  whose  walls,  originally  smooth,  thin,  and 
spherical,  are  convoluted,  elongated  in  various  directions,  and,  for  the  most  part, 
exceedingly  thick.  Although  the  two  hemispheres  in  the  adult  brain  are  con- 
nected with  each  other  by  means  of  the  corpus  callosum  and  anterior  commissure, 
this  connection  is  merely  between  the  adjiicent  icalis^  and  in  no  wise  involves  the 
cavities,  each  cavity  being  as  distinct  from  the  opposite  one  as  it  is  in  early  foetal 
life  heibre  the  intcrmural  connection  is  established.  Each  lateral  ventricle  is, 
therefore,  a  complete  cavity,  communicating  only  with  the  third  ventricle  through 
the  corresponding  foramen  of  Monro. 

The  development  of  each  hemisphere  vesicle  may  be  described  approximately 
as  follows  (Figs,  412,  418,  414):  After  becoming  a  ronnded  hollow  projection 
from  the  side  of  the  prosencephahm,  each  hemisphere  vesicle  expands  in  an 
afiten'or  direction  and  approaches  close  to  its  fellow.  At  the  same  time  it  grows 
u|nvard  orer  the  inter-hrain  and  backward  along  its  side,  while  from  this  latter 
portion  trro  projections  may  be  said  to  take  place^ — one  still  farther  backward, 
covering  over  the  dorsal  surface  of  the  mid-brain  and  cerebellum  :  and  the  otlier^ 
downward  and  forward,  overlapping  somewhat  the  external  surface  of  the  portion 
from  which  it  is  derived,  until  its  lower  end  projects  below,  and  also  overlaps  the 
ventral  surface  of  the  mid-brain  (crustie).  We  can  thus  distinguish  four  main 
divisions  of  the  developing  hemisphere  vesicle:  an  anterior^  a  superior^  the  latter 
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giving  off  an  inferior^  and  a  poaterior  division.  As  these  four  divisions  repre- 
sent sufficiently  accurately  the  four  larji^e  divisions  or  fohes  of  the  adult  hemi- 
sphere,  it  will  be  more  convenient,  in  tmc-ing  their  further  development,  to  give 
them  the  same  namea^  thus;  the  anterior  division  will  be  called  the  frontal  lohfi  ; 
the  superior,  the  parietal  hhv  :  the  posterior,  the  occipital  lobe  ;  and  the  inferior, 
I  the  temporal  or  temport*-sphefioidal  lobe.  Each  of  these  has  its  portion  of  the 
original  cavity,  all  of  which  naturally  intercommunicate. 

The  ftx»ntal  lobes  are  now  closely  approximated  in  front  of  the  inter-brain, 
while  there  is  also  to  be  noted  the  formation  of  the  optic  thalamic  which  are  merely 
the  thickened  sides  of  the  inter-brain  (prosencephalon  and  thalamencephalon). 

The  parietal  lohes  are  similarly  approxiniated  above  the  optic  thalanii,  but  they 
have  now  enlarged,  so  that  the  inner  aspect  of  each  comprises  two  regions  (see 
Fig.  451*) — one,  just  mentioned,  close  to  its  fellow  abotw  the  inter-brain;  the  other, 
lower  region,  lying  external  to  the  crfernal  surface  of  the  optic  thalamus. 
Furthermore,  the  upper  region  is  the  inner  wall  of  the  cainti/ of  the  parietal  lobe, 
which  also  comes  above  the  inter-brain,  Avhile  the  lower  region  is  simply  the  inner 
aspect  of  aoh'd  7uatter~i.  i\  a  downward  thickening  of  the  original  walL  Along 
the  floor  of  that  portion  of  the  ventricle  contained  in  the  parietal  lobe  is  now  seen 
a  thickening  which  soon  resolves  itself  into  a  bundle  of  fibres.  This  band  of 
fibres,  when  traced  forward,  is  found  to  be  continuous  ivith  a  iiimilar  thickening 
around  the  foramen  of  Monro,  which  ia  its  turn  is  continued  down  through  the 
optic  thalamus  (anterior  pillar  of  fornix;  see  page  761).  The  curve  of  this  band 
is  due  to  the  marked  antero-posterior  flexure  of  the  entire  foetal  brain  which  has 
already  taken  place,  w^hile  its  transition  in  pofiition — i,  e,  to  thi^  floor  of  the  '"  pari- 
etal cavity  *'— is  due  to  a  certain  tu'tHting  or  rotation  which  the  hemisphere 
vesicle  now  undergoes. 

The  approximation  of  the  parietal  lobes  brings  these  bands  very  close  together 
as  they  curve  upward,  and,  as  neither  one  is  developed  in  the  cavity  of  the  cor- 
responding//•«?(/«/  lobe,  each  serves,  jaM  here^  aa  a  line  of  demarkation  between 
the  inner  wall  of  the  frontal  lobe  in  front  and  that  of  the  parietal  lobe  behind. 
Traced  backward,  these  bands  are  necessarily  found  to  lie  dorsal  to  the  inter- 
brain,  since  each  is  in  the  floor  of  the  corresponding  cavity  of  the  parietal  lobe. 

Fornix. — The  next  point  to  be  noted  is  the  absolute  approximation  of  the  two 
frontal  and  of  the  '"  upper  regions  "  of  the  inner  aspects  of  the  two  parietal  lobes. 
As  a  result  of  the  latter  approximation,  the  two  anterior  pillars  of  the  fornix,  just 
above  the  foramen  of  Monro,  are  brought  together  edge  to  edge,  and  an  actual 
union  takes  place  between  them.  This  union  extends  posteriorly  for  more  than 
half  the  length  of  the  tioor  of  each  cavity  of  the  parietal  lobe,  and  is  known  as 
the  bodf/ of  the  fornii-^  or  as '*  the  fornix"  in  the  adult  brain.  The  anterior 
pillars,  however,  a^  they  curve  downward,  are  not  united,  this  slight  separation 
persisting  in  the  adult  brain. 

Anterior  Commissure,  dimmed  lately  anterior  to  and  connected  with  each  of 
these  pillars,  just  previous  to  its  passage  through  the  optic  thalamus,  is  a  portion 
of  tlie  inner  nnill  of  the  cavity  of  the  frontal  lobe,  which  is  now  in  close  contact 
with  the  opposite  one.  Just  at  this  point  there  now  occurs  an  interchange  of 
fibres  between  the  inner  walls  of  each  frontal  cavity.  These  fibres  {anterior  com- 
jtiissure)  run  transversely  across  the  front  of  the  upper  part  of  the  anterior 
boundarif  of  the  prosencephalon,  and  causes  an  absorption  of  its  tissue,  its  epi- 
thelitd  lining  excepted,  so  that  the  latter  comes  to  lie  directly  on  the  centre  part 
of  the  posterior  aspect  of  the  anterior  commissure,  in  the  interval  between  the 
anterior  pillars  of  the  fornix. 

The  lower  part  of  the  anterior  boundary  of  the  prosencephalon  persists  in  the 
adult  brain  as  the  upper  limit  of  the  lamina  cinerea  (lamina  terminalis). 

Oorpus  Calloflum.— The  frontal  lobes  having  now  grown  well  forward,  and  hav- 
ing also  cureed  tipieard  to  form  the  parietal  lobes,  and  the  inner  surface  of  each 
frontal  and  the  *'  upper  region  '*  of  the  inner  surface  of  the  corresponding  parietal 
lobe  having  met  the  same  structures  of  the  opposite  hemisphere,  there  is  formed 
4» 
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a  curved  line  of  artufi!  contae/^  all  along  which  occurs  an  interchange  of  fibres 
running  transversely  from  one  hemisphere  to  the  other.  Another  factor,  besiJes 
the  upward  curve  of  tbe  |nirietjil  lobe,  in  causing  this  line  of  contact  to  be  curved 
ig  doubtless  tbe  antero-posterior  flexure  of  the  whole  ftietal  brain,  already  re- 
ferred to.  This  large  transverse  commissure,  thus  formed,  curved  anteriorly,  is 
the  corpus  vaUosum  of  the  adult  brain. 

This  curved  line,  along  which  the  ahove-mentioned  interchange  of  fibres  takes 
place,  has  two  extremities,  an  anterior  and  a  posterior. 

The  (Ulterior  vxtremitf/  is  immediately  in  fnnit  of,  and  in  direct  contact  with, 
the  lateral  part  of  the  anterior  commissure.  Here  tbe  corpus  callosum  itself  is 
thin  and  conceals  the  anterior  commissure  from  in  front  and  below  ;  it  is  also 
adherent  to  it  and  blends  inferiorly  with  the  lamina  terminalis. 

The  puinterior  ertremkj/  of  tbe  curved  line  is  at  the  posterior  part  of  the  inner 
wall  of  the  cavity  of  the  parietal  lobe.  Here  tbe  corpus  callosum  itself  is  very 
thick  ancl  with  a  free  posterior  edge,  beyond  which  project,  posteriorly,  the  inner 
surfaces  of  tlie  occipital  lobes,  entirely  separate  from  each  other. 

This  curved  line — -or  the  cut  fiurfave  of  the  corpus  eaiio»uttiy  which  is  the  same 
thing — will  now  be  traced  from  the  posterior  to  tbe  anterior  extremity. 

As  it  passes  along  anteriorly  in  ttie  inner  wall  of  the  *'  parietal  cavity"  it  is 
ijuite  near  the  floor,  so  that  it  soon  reaches  and  hecotiies  adherent  to  the  corre- 
sponding half  of  the  '*  body  of  the  fornix  "  immediately  below  it.  As  it  goes 
forward  from  this  point  it  sepaj^ates  from  its  half  of  the  fornix,  which  is  now^  curv- 
ing around  tbe  foramen  of  Monro.  Continuing  forward,  the  cut  edge  of  the  corpus 
callosum  is  now  on  the  inner  wall  of  tbe  *'  frontal  cavity/'  It  continues  this 
course  for  a  distance,  and  then  bends  sharply  down  ward,  after  wbieb  it  runs  hai^k- 
ipard  until  it  reaches  the  anterior  commissure,  by  which  it  is  sepanitei]  from  tbe 
anterior  pillar  of  the  fornix,  just  as  the  latter  is  about  to  run  downwani  through 
the  optic  tbalamus, 

Septum  Lucidum. — There  is  thus  formed  a  somewhat  ovabsha]>ed  interval, 
tapering  posteriorly,  boumled  nbove  and  in  frofU  by  the  corpus  callosum ;  hdou\ 
by  the  corpus  callosum  (reflected  part)  and  anterior  commissure;  behind  and  below, 
by  the  anterior  pilhir  of  the  fornix  and  body  of  the  fornix,  respectively. 

This  interval  is  filled  in  by  a  lamina  on  each  side,  winch  is  a  portion  of  the  inner 
walls  of  both  frontal  and  parietal  cavities.  This  lamina  is  necessarily  in  close 
contact  with  the  oppusitc  one,  and  they  both  together  constitute  the  septum  lueidum 
of  the  adult  brain  (Figs.  448,  4t;i).  ' 

The  eorpns  eallostan  in  addition  to  forming  the  commissure  just  described 
sfFreads  outwardhf.  also,  in  tlje  frontal  an<l  parietal  lobes,  and,  as  it  is  now  rjuite 
thick,  its  under  surface  forms  the  roftf  of  the  '*  parietal  and  frontal  cavities  ;'* 
its  posterior  surface  (at  the  bend)  is  the  anterior  fioundari/  of  the  ''  frontal  cav- 
ity," while  the  upper  surface  of  its  reflected  portion  is  the  floor  of  the  frontal 
cavity. 

Along  tbe  outer  wall  of  liotb  frontal  and  parietal  cavities  tbe  corpus  utriotitm 
is  developed  as  a  markecl  thickening,  and  close  above  it  passes  the  corpus  cal- 
losum. All  portions  of  tbe  frontal  and  parietal  b>bes  external  to  tbe  corpus  stri- 
atum and  above  tbe  corpus  callosum,  and  those  portions  of  tbe  frontal  lobe  ante- 
rior to  and  below  the  corpus  callosum,  develop  into  thick,  solid  matter  and 
project  for  a  considerable  distance,  Imt  without  uniting  with  tbe  opposite  siile, 
beyond  tbe  corpus  caOosum  in  the  corresponding  directiiujs.  This  solid  matter 
constitutes  the  bulk  of  tbe  lobe. 

The  '*  lower  region  "  of  tlie  internal  surface  of  tbe  parietal  lobe  (ifitrr^tfd  eapsuJe 
of  atlult  brain)  is  eventually  closely  united  to  the  external  surface  of  the  optic 
thalamus  (Figs.  461,  4<J0). 

The  occipital  lobe  is  tbe  backward  extension  of  the  hemisphere.  It  is  entirely 
separate  from  the  opfiosite  one.  Its  cavity  is  roofed  over  by  backward  curved 
prolongations  from  the  corpus  callosum. 

The  temporal  lobe   {temporO'Sphenoidal)   grows   downward   and   forward,   as 
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already  described.  It  carries  vitb  it,  in  its  floor,  a  prolongation  of  its  corre- 
sponding balf  of  the  fornix^  which,  consequcntiy, 
in  the  adult  braiu,  is  described  as  dividing  poste- 
riorly into  its  two  posterior  pillars.  Aa  this  lobe 
curves  downward  it  eml^races,  hwl  does  not  adhere  to^ 
tbe  pulvinar  of  the  uptic  thalaintis. 

In  the  ftetal  brain  u  wide  shallow  cleft  (Fig. 
444)  lies  between  the  temporal  and  portions  of  the 
frontal  and  parietal  lobes,  but  this  deepens  and  nar- 
rows {fissure  of  Sidi'iii^)  as  the  lobe  develops.  The 
fiwifp  of  tbe  temporal  lohe  lies  close  to  its  inner 
aspect,  tbe  bulk  of  the  lobe  developing  externallv^ 

.^  .  f.  ^,  1,  *       '^z.  ^{  Fig.  144.— Ri»fht  sidenfabraUi  offt 

A   portion   ot  the   corpus   caJIosum    roots    over   the     five  months"  funu*:  F.fmniiii;  o.oc- 
beginning  of  tbe  temporal  cavity.  Si^^l'^V s^mus'^^'^^n^^^^ 


Tlie  Lateral  Ventricles*  and  Structiirea  in  Gonnection  therewith. 

The  lateral  ventricles  are  the  cavities  of  tbe  hemispheres,  each  being  distinct 
from  the  other.  In  each  bemispbere  the  lateral  ventricle  is  situated  in  its  lower 
and  inner  regions,  being  surrounded  above,  in  front  and  externally,  by  the  solid, 
chiefly  white,  matter  of  the  hemisphere.  Each  luteral  ventricle  comraunicates 
through  tbe  foramen  of  Monro  with  the  third  ventricle,  and  is  lined  by  a  thin 
diaphanous  membrane  (the  ependi/infi)^  covered  by  nucleated  epithelium  with 
cilia,  scattered  here  and  there  in  patches.  It  is  moistened  by  a  serous  fluid, 
which  is  sometimes,  even  in  health,  secreted  in  considerable  ijuantity.  Each  is 
separated  from  the  other  by  a  vertical  septum,  the  septum  la  e  id  urn. 

Each    lateral   ventricle    consists    (Fig.  445)    of  a   central    cavity,    or    hodif, 

and  three  accessory  cavities  or  cor- 
ttua.  The  anterior  evrfni  curves 
forward  and  outward  into  tbe  sub- 
stance of  the  frontal  lobe.  It  com- 
prises that  portion  of  the  ventricle 
which  is  anterior  to  tbe  foramen  of 
Monro.  The  bod^  comprises  that 
portion  of  the  ventricle  which  lies 
hetwtn*n  tbe  foramen  of  Monro  and 
the  jiosterior  part  of  the  corf i us  cal- 
losum.  It  is  situated  low  ilown  in 
the  parietal  lobe.  From  its  poste- 
rior extremity  diverge  the  two  fol- 
lowing :  The  posterior  cornu^  called 
the  digital  cavitf/^  curves  backward 
into  the  occipital  lobe:  tbe  middle 
cor  it  u  descends  into  tbe  teni[ioral 
lobe. 

If  the  upper  part  of  both  hemi- 
spheres is  removed,  about  half  an 
inch  above  the  level  of  the  corpus 
callosum,  the  internal  white  matter 
will  be  exposed.  It  is  an  oval- 
shaped  centre,  of  white  substance, 
surrounded  on  all  sides  by  a  narrow- 
con  voluted  margin  of  gray  matter, 
wladi  presents  an  equal  thickness  in 
nearly  every  part.  This  white  cen- 
tral mass  has  been  called  the  eenfruut 
ovale  minus.    Its  surface  is  studded  with  numerous  minute  red  dots  (puncta  vascu- 


Ftn.  44S.— Right  Iftteral  ventricle  Been   from   above. 
(Gegenliftur.) 
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lo8a\  produced  by  the  escape  of  blood  from  divided  blood-vessels.  In  inHaTnmation 
or  great  congestion  of  tbe  brain  these  are  very  numeroiis  and  of  a  dark  color.  If 
the  remaining  portion  of  one  hemisphere  is  slightly  8cparate<l  from  tlie  other,  a 
broad  baml  of  white  substance  will  be  observed  connecting  tliem  at  the  bottom  of 
tlie  longitudinal  fissure ;  this  is  the  corptis  caUomitti.  The  margins  of  the  hemi- 
spheres uhirli  ovi'rhip  this  portion  of  tbe  brain  are  called  the  labm  ecrehri.  Each 
labium  is  part  of  the  convolution  of  the  corpus  callosum  (f7f/rus  formcatH»)^  and 
the  space  between  it  and  the  upper  surface  of  tbe  corpus  callosum  has  been  termed 
the  vcntrirle  of  the  corpus  vaUo»um  (Fig.  446). 

The  hemispheres  should  now  be  sliced  off  to  a  level  with  the  corpus  callosum, 
when  the  white  substance  of  that  structure  will  be  seen  connecting  the  two 
hemispheres.  The  large  expanse  of  medullary  matter  now  exposed,  surrounded 
by  the  convoluted  margin  of  gray  suhstancc,  is  called  the  centntvt  ovale  maju%  uf 
Vieussens, 

The  corpus  callosum  (Figg.  442^  440)  is  a  thick  stratum  of  transverse  fibres 
exposed  at  the  bottom  of  the  longitudinal  fissure.     It  connects  the  two  bemi- 
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Spheres  of  the  brain,  forming  their  great  transverse  commissure,  and  forms  the 
roof  of  the  lateral  ventrklen.  It  is  about  four  inches  in  length,  extending  to 
within  an  inch  and  a  half  of  tbe  anterior-,  and  to  within  two  inches  and  a  half 
of  the  posterior,  end  of  the  hemispheres.  It  is  somewhat  broader  beliind  tbtin  in 
front,  and  is  thicker  at  either  end  than  in  its  central  pfirt,  bcino;  thickest  behind. 
It  presents  a  somewhat  arched  form  (Fig.  446)  from  before  backward,  and  termi- 
nates anteriorly  by  curving  downward  and  backward  between  the  frontal  lobes. 
This  distinct  bend  is  named  the  genu^  whence  it  is  still  continued  downward  and 
backward  to  the  base  of  the  brain,  where  it  blends  with  the  lamina  cinerea.  The 
reflected  portion  of  the  corpus  callosum  is  called  the  heak  or  rostrum:  it  becomes 
gradually  narrower  as  it  j»asses  backward,  and  is  attached  by  its  lateral  margins 
to  the  frontal  lobes.  At  its  terminatiijn,  besides  blending  with  tbe  lamina  cinerea, 
the  corpus  callosum  gives  off  two  small  bundles  of  white  substance,  whirh,  diverg- 
ing from  one  another,  jiass  backward,  across  the  corresponding  anterior  jjerforated 
space,  to  the  entrance  of  the  fissure  of  Sylvius,  to  enter  the  end  of  tbe  temporal 
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lobe,  where  they  meet  the  outer  olfactory  roots.     Tbey  are  called  the  pedmuiles 

of  the  corpuii  t'allosum.  Posteriorly,  the  corpus  callosiim  fui  nis  n  thick  rounded 
fold,  culled  the  s/jh-nhim  or  ptuiy  whicli  is  free  ft^r  a  little  diHtauce  as  it  curves 
forward^  and  is  then  continumis  with  the  fornix  below.  On  its  u})per  surface 
tbe  structure  of  the  corpus  callosuin  is  very  apparent,  being  collected  into  coarse 
transverse  bundles*  Along  the  middle  line  is  a  linear  depression*  the  raphe^ 
bounded  laterally  by  two  or  more  slightly  elevated  longituJinul  bands,  called  the 
stritr  lo/u/itudmaha  or  nerrett  of  Lanvi^i ;  and,  still  more  externally,  other  longi- 
tudinal stria?  are  seen  beueatb  the  convolutions  which  rest  on  the  corpus  callo- 
gum.  These  are  the  strue  lofi<ikndtnah'9  laterah'H  or  ta'uice  tc€Uf\  The  under 
surface  of  the  corpus  eallosum  is  continuous  behind  with  the  fornix,  being  sepa- 
rated from  it  in  front  by  the  septum  lucidum,  which  forms  a  vertical  partition 
between  the  two  ventricles.  On  each  side  the  fibres  of  the  corpus  eallosum 
extend  into  the  substance  of  the  hemispheres,  connecting  them  together,  Tbe 
greater  thickness  of  the  two  extremities  of  this  commissure  is  explained  by  the 
fact  that  the  fibres  from  the  anterior  and  posterior  parts  of  each  hemisphere  do 
not  pass  directly  across,  but  take  a  curved  direction.  The  peduncles  of  the  cor- 
pus  eallosum  may  be  traced  upward  around  tbe  genu  to  become  contintious  with 
the  »tri(€  lonffitudiH(fleH\  or  nerves  of  Lancm,  on  the  upper  surface  of  the  corpus 
eallosum. 

The  fibres  from  the  splefiiujn,  which  curve  backwar<l  to  roof  in  the  poste- 
rior  cornu  are  known  as  the  forceps  major;  those  from  just  above  the  genu, 
which  curve  forward  to  roof  in  the  front  part  of  the  anterior  cornu  constitute 
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Pro.  447.— Traiwveree  vertical  tectton  uf  llie  brain,  ^  i.  iitiu  ri  >r  U*  tUc 
ioolu  fonrard.    1.  puiaxD^n.    2  aDd  a.  globus  p«Uido».    (tjegviit*aur,) 


Ltmnu!^iir« :  the  cut  sorflice^ 


the  forceps  minor ;  while   the  term   tttpetum   is  given  to  tbe  main  body  of  the 
fibres. 

The  central  cavity,  or  body,  of  tbe  lateral  ventricle  is  comparatively  wide,  but 
is  a  mere  slit  as  regards  its  perpendicular  diameter.  It  is  (Fig.  447)  bounded, 
abov^s,  by  the  under  surface  of  the  corpus  eallosum,  which  forms  the  roof  of  the 
cavity-  Internally  is  a  vertical  })artition,  the  posterior  portion  of  the  septum 
lucidufn,  which  separates  it  from  the  opposite  ventricle,  and  connects  tbe  under 
surface  of  the  corpus  eallosum  with  the  fornix.  Its  floor  is  formed  by  the  fol- 
lowing parts,  enumerated  in  their  order  of  position  from  without  inward :  the 


^ 
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corpus  striatum  (caudate  nucleus),  tctnia  semicircxilaris^  optic  thahtmus,  choroid 
plexus^  one-half  of  body  of  fornijCy  and  corresponding  poHterinr  piUar, 

The   anterior   comii    is    deep    and 
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comu  IS 
narrow,  passing  outward  into  the 
frontal  lobe  and  curving  round  the 
anterior  extremity  of  the  eorpns  stri- 
atum»  Its  apex  points  outwurd.  It 
is  bounded,  above,  by  the  corpus  cal- 
losum  ;  externally,  by  the  corpus  stri- 
atum (head  of  caudate  nucleus);  in 
front,  by  the  posterior  surface  of  the 
genu  of  the  corpus  callosum  ;  inter- 
nally, by  the  anterior  or  broad  por- 
tion of  the  septum  lucidum ;  infe- 
riorly,  by  the  upper  surface  of  the 
rostrum  (each  side  of  its  middle  line) 
of  the  corpus  callosum.  This  last  is 
the  floor  of  the  cornu,  and  is  exceed- 
ingly narrow,  the  outer  wall,  convex 
toward  the  cavity,  almost  meeting  the 
lower  part  of  the  septum  lucidum  be- 
low {Figs.  448  and  449). 

'rhe  poflterior  comu,  or  digital  cav- 
ity (Fig.  44f>).  curvc*s  backward  into 
the  substance  of  the  occipital  lobe, 
its  direction  being  backward  and  out- 
ward, and  then  inward.  On  its  inner 
wall  is  seen  a  longitudinal  eminence 


Fia.  448.— HorizoDtJil  amotion  of  the  right  hiilf  of  the 
cerebrum,  X  §.  2,  piitamen.  a,  b,  and  c  nuelei  of  Uie 
optic  tbalamuE.    (uegecLlMur.) 


which  is  produced  by  the  extension 
inward  of  the  calcarine  sulcus;  this  is 
called  the  hipporampus  fit  in  or  ^  or  ral- 
ear  aviit.  Ju8t  above  this  is  a  smaller 
projection,  bulb  of  the  posterior  horn 

(Fig.  456),  caused  by  the  bulging  of  the  fibres  of  the  forcepi*  wajor  of  the  corpus 

callosum. 

Between  the  middle  and  posterior 

horns  a  smooth  triangular  surface  is 

observed.     It  is  called  the  trigonum 

ventrieulL 

The   middle   or   deaceiidiiig   comu, 

the   longest  of  the   three  (Fig.   445), 

traverses    the    temporal    lobe    of    the 

brain,  forming  in  its  course  a  remark- 
able curve  round  the  back  of  the  optic 

tintlamus    {puhinar).      It    passes,    at 

first,  backward,  outward,    and  down- 

wardy    and    then    curves    round    the 

crnsta    forward    and    inward-*    nearly 

to  the  apex  of  the  middle  lobe,  close 

to  the  fissure  of  Sylvius.     Its  upper 

boundary,  or  roof,  is  formed  by  the 

under  surface  of  the  corpus  callosum, 

the  small  portion  of  tiie  pulvinar  of 

the  optic  thalamus  covered  by  epithe- 
lium, and  by  the  white  matter  (internal  capsule)  of  the  temporal  lobe,  with  which 

are  incorporated  the  reflected  parts  of  the  nucleus  caudatus  of  the  corpus  striatum 

and  t;enia  semicircularis,  which  are  prolonged  into  it^     Its  lower  boundary,  or 


Fi<i.  4-!y,-Traii!sv*frae  vertical  section  of  the  hcnii^ 
cphtrta  throuph  the  unterior  cornutt^  X  !•  The  t'Ul  fiur- 
facu  lai*k«  forward.    (GegentKiur.) 
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floor^  presents  for  examination  the  following  parts:  the  hippocampus  major^  pes 
hippt*campi^  eminent ia  eoilateralis  or  pes  aceeHgoriuay  and  corpus  jimhriatum  from 
the  fornix.  The  outer  waH  is  white  matter  of  the  temporal' lobe*  The  intirr  tvall 
is  a  layer  of  epithelium,  prohmged  from  that  covering  the  pnlvinar,  jest  mentioned, 
which  is  imHhpmited  by  a  fold  of  pia  mater,  and  thus  is  formed  the  choroid  plexus. 
The  corpus  striatiini  (Fig-  450)  has  received  its  name  from  the  striped  appear- 
ance which  its  section  presents,  in  con9e<]uence  of  diverging  white  fibres  being 
mixed  with  the  gray  matter  which  forms  the  greater  part  of  its  substance.  The 
greater  portion  of  this  body  is  imbedded  in  the  white  substance  of  the  hemisphere, 
and  is  therefore  external  to  the  ventricle.     It  is  termed  the  extraventricidar  por- 


Fjo.  idO.— BiliddLe  |»art  of  a.  borlzontH]  fleotJon  thr(it]g:htbe  cerebrum  at  the  level  of  the  (dotted  line  In  the 
■mAn  dpire  of  one  hemlaph«^re,    iFriim  ElUHt  afler  Balion). 

Hon,  or  the  mich-uJi  lenticuhfrh :  a  part,  however,  is  visible  in  the  ventricle  and 
its  anterior  cornu  ;  this  is  the  intrtrvmtricufar  portion^  or  the  tnielcus  caudatus. 
The  intraventricular  portion  is  a  pear-shaped  mass  of  gray  matter:  its  hroad  ante- 
rior extremity  is  the  convex  outer  wall  of  tlie  anterior  cornu*  Its  narrow  end  is 
directed  backward,  and  lies  on  the  outer  part  of  the  floor  of  the  body  of  the  ven- 
tricle. It  is  continued,  by  a  sharp  anterior  bend,  into  the  7*«i>f  of  the  descending 
cornu  ;  it  is  covered  by  the  lining  uf  the  cavity  and  crossed  by  some  veins  of 
considerable  size.  It  is  separated  from  the  extraventricular  portion  by  a  lamina 
of  white  matter,  the  internal  eap^uh\  in  contradistinction  to  a  lamina  of  white 
matter  which  covers  the  outer  surface  of  the  extraventricular  portion  of  the  corpus 
striatum^  and  Avhich  is  called  the  ei'tcrnid  capsule. 

The  extraventricular  portion  of  the  corpus  striatum,  or  nucleus  lentieularis^ 
is  oval  in  form.     It  does  not  extend  as  far  forward  or  backward  as  the  nucleus 
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caudatus.  It  is  bounded  externally  by  a  lamina  of  wbite  matter  called  the  exter- 
nal ca/Mule,  which  is  covered  on  its  outer  surface  by  a  thin  layer  of  gray  matter 
termed  the  clauMrum*  The  cbmi^tnim  presents  ridges  and  furrows  on  its  outer 
surface,  corresponding  to  the  convohitions  and  sukii  of  the  iiiland  of  Reil,  with 
the  white  matter  of  which  it  is  in  immediate  relation, 

Antero-inferiorly  the  ends  of  the  two  nuclei  of  the  corpus  striatum  are  united 
by  a  thin  gray  lamina  which  appears  at  the  base  of  the  brain  in  the  anterior 
[perfurateii  space.  The  caudate  nucleus  terminates,  after  running  downward  and 
forward  in  the  roof  of  tlie  de:^cending  cornu,  in  the  nucleus  amyfiihda\  a  collec- 
tion of  gray  matter  in  the  apex  of  the  temporal  lobe.  The  base  of  the  daustrum 
is  also  in  connection  with  this  nucleus. 

The  ///v^y  matti'V  (Fig.  441))  of  the  corpus  striatum  is  permeated  by  tracts  of 
raedu Hated  nerve-fibres,  some  of  which  probably  originate  in  it.  The  nerve-cells 
are  multipolar,  both  large  and  small,  the  larger  being  principally  found  in  the 
lenticular  nucleus. 

On  section,  the  substance  of  the  corpus  striatum  appears  of  reddish-gray 
color.  On  a  transverse  vertical  section,  the  lenticular  nucleus  shows  two  larainte 
of  white  matter  parallel  with  its  outer  surface,  forming  three  areas  of  gray  matter, 
tb  e  t  w  0  i  n  h  e  r  c  ^  f  \\  b  i  c  b  a  re  k  n  o  w  n  as  the  gh  fnis  pa  Hid  m  ^ ,  t  h  e  o  u  t  e  r  as  t  h  e  />  u  ta  m  e  n 
(Fig.  447).  Thi2  fibres  of  the  nucleus  enter  and  leave  it,  the  former  chiefly  derived 
from  the  *ni!ti  huticuhiris  (see  page  747),  the  latter  proceeiling  into  the  internal 
capsule  and  corona  radiata,  which  hist  is  made  up  of  the  radiatituj  diverging 
fibres  of  the  upward  prolongation  of  the  internal  capsule  which  extend  to  the 
cortex. 

The  internal  capsnie  is  formed  by  fibres  of  the  crusta  of  the  crus  cerebri,  sup- 
plemented by  fibres  derived  from  tfie  optic  thalamus  and  corpus  striatum  on  each 
side.  In  horizontal  section  it  is  seen  to  he  somewhat  abruptly  curved,  with  its 
convexity  inward;  the  promiuence  of  the  curve  is  called  the  genu,  and  projects 
between  the  intraventricular  portion  of  the  corpus  striatum  and  the  optic  thal- 
amus (Figs.  447,  448,  450).  In  front  of  the  genu  the  internal  capsule  separates 
the  two  portions  of  the  corpus  striatum;  behind,  it  lies  between  the  optic  thal- 
amus and  lenticular  nucleus.  The  portions  of  the  internal  €iipsuh\  anterior  and 
poster it*r  to  the  genu*  are  known,  respectively,  as  the  anterior  and  posterior 
st'gitientH,  The  fibres  of  the  former  proceed  to  the  prefrontal  region  of  the 
cortex ;  of  the  latter,  to  the  occi  pi  to-temporal  region  ;  while  those  of  the  mid- 
dle tlfird  go  to  the  Rolandic  region  (motor)  uf  the  cortex.  Other  fibres,  in 
the  internal  capsule,  than  those  of  the  crusta  are  derived  from  the  nuclei  of  the 
corpus  striatum,  tlie  optic  thalamus,  the  subthalamic  tegmental  region,  and  from 
the  cortex  of  the  opposite  side  through  the  corpus  callosutu  (see  also  page  785). 

The  taenia  semicircularis  (Figs,  445,  447,  and  41)1)  is  a  narrow,  whitish  band 
of  medullary  substance  situated  in  the  depression  between  the  nucleus  caudatus 
and  Ojitic  thalamus.  Anteriorly^  it  descends,  between  the  head  of  the  caudate 
nucleus  and  the  anterior  extremity  of  the  optic  thalamus,  to  join  the  anterior 
pillar  of  the  fornix,  below  the  level  of  the  foramen  of  Monro,  where  most  of  the 
fibres  continue  with  those  of  the  pillar,  w  bile  the  remainder  pass  over  the  anterior 
commissure  and  terminate  in  the  gray  matter  uf  tlie  anteruir  perfi>rated  space. 
Behind,  it  is  continued  into  the  roof  of  the  njiddlc  or  descending  horn  of  the 
lateral  ventricle,  lying  |*!irallel  with  the  camlate  nucleus,  to  enter,  with  it.  the 
nticleua  amygdaliie.  Beneath  it  is  a  large  vein  (vena  eorportH  stridtt)^  which 
receives  numerous  small  veins  from  the  surface  of  the  corpus  striatum  and  optic 
thalamus,  and  joins  the  veniv  (laleni.  On  transverse  vertical  section  the  tivnia 
is  seen  to  lie  upon  a  |H'ojection  fmni  the  internal  capsule. 

The  fornix  (Figs.  442,  447,  451)  is  a  longitudinal  band  of  white  matter  situ- 
ated beneath  the  corpus  callosum,  with  which  it  is  contitiuous  behind,  but  sep- 
arated from  it  in  front  by  the  septum  lucidum.  It  may  be  described  as  consisting 
of  two  symmetrical  halves,  one  for  either  hemisphere.  These  two  portions  are 
joined  together  in  the  middle  line  (along  which  is  attached  the  lower  edge  of  the 
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septum  lucitlum),  where  they  form  the  bodt^„  but  are  separated  from  one  another 
in  front  and  behind,  forming  the  anterior  ^nd  poHerior  pillar9^  or  columnct  fomi- 

cis  and  t-rura  fornk-iity  respectively. 

The  bodt/  of  tfw  forftij:  is  triungular;  narrow  in  front,  broad  behind.  Its 
upper  surface  is  connected,  in  the  median  line,  to  tbe  septum  lucidum  in  front 
and  the  corpus  callosuin  behind,  while  laterally  this  surface  forms  part  of  the 
floor  of  the  botlf/  of  each  lateral  ventricle.  Its  under  surface  rests  upon  the  velum 
mterpositum,  which  separates  it  from  the  third  ventricle  and  from  the  inner  por- 
tion of  the  superior  surfaces  of  the  optic  thalamic  Its  free  tauter  edge,  on  each  side, 
is  in  contact  with  the  choroid  plexus,  which  projects  frum  under  it.  This  edije^ 
running  from  behind  forward  and  inward,  rests  in  the  t^roove  already  referred  to, 
having  a  similar  direction,  on  the  superior  surface  of  the  thalamus*  but  with  a 
portion  of  the  velum  interpositum,  of  course,  separating  it  from  the  groove. 

The  anterior  pillars  are  rounded  bundles  which  arch  downward  toward  tbe  bastj 
of  the  brain,  separated  from  each  other  by  a  narrow  interval,  and  each  descendsj 


CQudatu8 


Tn3.  i51,—Triitis verse  VGrtlcal  scctioa  of  brmin  bohlud  iha  miiltll^  eotumussure.    TUe  cui-suHkco  looks  hmck- 
w«r<l,  X  |.    Ciegenbaurj 


through  the  anterior  portion  of  the  optic  thalamus.  Each  is  placed  immediately 
behind  the  anterior  commissure.  At  the  base  of  the  brain  the  white  fibres  of  each 
pillar  make  a  sudden  curve  and  form  tbe  outer  part  of  the  corresjionding  corpus  alM^  , 
cans  (see  page  750),  from  which  point  they  may  be  traced  upward  into  the  substancel 
of  the  corresponding  optic  thalamus,  Tfie  anterior  pillars  of  the  fornix  are  con- 
nected in  their  course  with  tbe  peduncles  of  tbe  pineal  gbuid  and  the  superficial 
fibres  of  the  tj^nia  seniicircularis,  and  receive  fibres  from  tlie  septum  lucidum. 

Between  the  anterior  pillars  of  the  fornix  and  the  anterior  extremities  of  the 
optic  thalami  an  oval  aperture  is  seen  on  each  side:  this  is  tbe  foramen  of  Monro 
(Fig,  442).  The  two  openings  descend  toward  tbe  middle  line  and  lead  into  the 
upper  part  of  the  third  ventricle.  Through  these  openings  the  lateral  ventricles 
on  each  side  communicate  with  the  tliirfl  ventricle,  and  consef|uently  with  each 
other.  Its  ffoundarieH  are,  therefore,  in  front,  the  anterior  pillars  of  the  fnrnix; 
behind,  the  anterior  extremity  of  tbe  optic  thalamus ;  above,  the  body  of  tbe  for- 
nix; ami  below,  the  junction  between  the  anterior  pillars  of  ihe  fornix  and  the 
optic  thalamus. 

The  posterior  pilidrft  are  flattened  bands,  and  at  their  commencement  are  inti- 
mately connected  by  tbeir  upper  surfaces  with  tbe  corpus  calbjsum;  diverging 
from  one  another,  each  passes  downward  around  and  behind  the  pulvinar  of  the 
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optic  thalamus,  and  then  along  the  floor  of  the  descending  horn  of  the  lateral 
ventric^le,  where  some  of  its  fibres  blend  with  the  white  matter  of  the  hippocampus 
majfir,  while  the  remainder  are  prolonged  along  its  inner  border  as  the  corpus 
fimhriatum  (Figs.  445,  454),  which  extends  into  the  white  matter  of  the  uncus 
of  the  hippocampal  gyrus.  Upon  examining  the  under  surface  of  the  fornix, 
between  its  Jivergiug  posterior  pillars  a  triangular  portion  of  the  under  surface 
of  the  corpus  callosum  may  be  seen,  the  base  of  which  is  the  splenium.  On  it 
are  a  number  of  lines,  some  transverse,  others  longitudinal  or  oblique.     This 
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Fio,  468,— Thtj  fornix^  velum  Jaterposltum«  mid  middle  or  desct;ndltig  coniu  of  the  lateral  ventricle. 

portion  has  been  termed  the  li/r^i,  from  the  fancied  resemblance  it  bears  to  the 
strings  of  a  harp  (Fig,  452).     The  corpus  fimbriatum  is  often  ealled  thv  fimbria. 

The  anterior  commissure  is  a  round  bundle  of  wliite  fibres  placed  in  front  of 
the  anterior  pillars  of  the  fornix,  and  appears  to  connect  together  the  corpora 
striata.  It  passes  outward  tb rough  the  corpus  striatum  on  each  side,  and  then 
curves  backward  into  the  substance  of  the  temporal  lobe* 

The  septum  lucidum  (or  pellueidum)  (Figs,  446,  449)  forms  the  infernnj  htmnd- 
iftif  of  the  hodtf  and  anterior  eornu  of  the  lateral  ventricle.  It  is  a  thin  septum 
attacbeil,  ahope,  to  the  under  surface  of  the  corpus  callosum  ;  Irehw,  to  the  ante- 
rior part  of  the  fornix,  und  in  front  of  this  to  the  rvjkdal  port  inn  of  the  corpus 
callosum  and  anterior  commissure ;  behind^  to  the  anterior  pillars  of  the  fornix  ; 
in  front  J  to  the  posterior  surface  of  (jenu  of  the  corpus  cullosum.  It  is  broad  in 
front,  and  narrow  behind,  its  external  surfaces  looking  toward  the  cavities  of  the 
ventricles.  The  septum  consists  of  two  iamime,  separated  by  a  narrow  intervaU 
the  fifth  ventricle. 


J 


Piftli  Ventricle, — The  fifth  ventricle  was  originally  a  part  of  the  great  longi- 
teditial  fissure  which  separated  the  two  hemisphere  vesicles,  but  ha.s  become  shut 
ofT  by  the  union  of  the  hemispheres  in  the  forination  of  the  corpus  callosum  and 
the  fornix.  Its  walls  are  therefore  formed  by  the  median  wall  of  the  hemispheres, 
and  each  consists  of  an  internal  layer  of  gray  matter  derived  from  the  gray  mat- 
ter of  the  cortex  and  an  external  layer  of  white  substance  continuous  with  the 
white  matter  of  the  cerebral  hemispheres.  This  h  lined  on  itn  extenial  surface 
by  the  ependyrna  of  the  corresponding  lateral  ventricle.  The  fifth  ventricle  is 
not  lined  by  epithelium,  but  by  a  delicate  layer  of  modified  pia  mater.  It  has  no 
connection  with  any  of  the  **  regular  *'  ventricles. 

The  structures  of  the  floor  of  the  descending  coriiu  will  now  be  con- 
sidered. 

The  liippocampufl  major,  or  comE  Ammonis  {Figs,  445,  462,  456),  so  called  from 
its  resemblance  to  a  ram*9  horn,  is  a  white  eminence,  of  a  curved  elongated  form, 
extending  throughout  the  entire  length  of  the 
fioor  of  the  middle  horn  of  the  lateral  ventricle. 
At  its  lower  extremity  it  becomes  enlarged,  and 
presents  a  number  of  rounded   elevations  with 
intervening  depressions,  which,  from  presenting 
some  resemblance  to  the  paw  of  an  animal,  is 
called  the  peg  hippoeampL     If  a  transverse  sec-   jSSr 
tion  is  made  through   the  hippocampus  major 
(Fig.  453),  it  will  be  seen  that  this  eminence  is  ^dlSSf"^ 
produced  by  the  extension  inward  of  the  dentate    nipp^ 
(hippocampal)  fissure  on  the  mesial  aspect  of  the    ^^'^^ 
temporal  lobe-     This  fissure,  like  all  the  other  fis- 
sures of  the  hemisphere,  is  lined  bv  a  dipping  in       „     .^„    „       ,  ,  «  . 

J        ^  -        r    1  .  v    ^        1  ^  Fic.4."i3.-Pail  of  Icll  descending  * 

and  out  agam  oi  the  gray  cortex;  out,  whereas  in  The  cut  uurfitce  looks  funvurd.  (Fkuie.i 
these  fissures  the  gray  lining,  after  coming  out,  is 
continuous  with  that  of  an  adjacent  fissure,  the  gray  lining  of  the  hippocampal 
fi^Mure^  after  turning  on  itself,  comes  out  and  tenfiittates  in  a  fnt'  ril(p\  forming  a 
notched  ridge,  the  faaeia  dentata  (Figs.  453,  454).     The  hippocampus  is  covered 
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on  its  ventricular  surface  by  the  lining  membrane  of  the  ventricle,  beneath  which 
is  a  thin  lamina  of  white  matter  (ahrun),  which  is  continuous  with  the  corpus 
timbriatum  of  the  fornix,  and  beneath  this  is  the  '^'^  gray  matter"  of  the  hippo- 
campus— I.  e,  the  cortical  lining  of  the  hippocampal  fissure,  just  descriljed,  Thii* 
gray  matter  is  seen,  on  cross-section,  to  make  a  secondary  turn  which  embraces  a 
slender  process  of  white  matter  derived  from  the  white  lamina  before  it  emerges 
as  the  free  edge. 

The  corpus  fimbriatTim  (Figs.  445,  4.54,  45<i)  (ttTrna  Itipporftmpi)  is  a  narrow 
white  band  situated  immediately  bcluw  the  choroid  plexus.  It  is  the  thin  pro- 
longation of  the  posterior  pillar  of  the  fornix,  and  is  attached  by  its  inner  margin 
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dong  the  curved  inner  border  of  the  hippocampus  major  as  it  descends  into  the 


Fio«  4d6t— HorfjGontAl  flcctiot]  of  the  hemispheres  at  the  level  of  the  corpus  CAllosom.    (HenJe.) 


Fig.  ififi.— Beacendln^  and  part  of  poateiior  comu  of  left  6ide.    (Huile.) 

middle  Lorn  of  the  kteral  veDtricle,    It  may  be  traced  as  far  as  the  crochet  or  hook 
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of  the  hippocanipal  convolution,     Its  outer  edge  is  free,  and  lies  on  tlie  surface 
of  the  bippocampus,     This  edge  is  directed  toward  the  cavity  of  the  descending 

cornu. 

The  eminentia  collateralifl  (Fig,  453),  or  pes  accessorius,  i»  a  white  eminence, 
varying  in  size,  placed  between  the  hippocampus  major  and  the  outer  wall  of  the 
cornu.     It  is  formed  by  the  protrusion  inward  of  the  ctiUateral  finmire. 

Fascia  Dentata  (Figs.  453,  454,  456).^ — On  separiiting  the  inner  border  of  the 
corpus  timbriatym  from  the  choroid  plexus,  and  raising  the  edge  of  the  former,  a 
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Fig,  4c»7.— The  lateral  voiitriclcB  from  iibove,  showing  etioroitj  jileius*'* :  the  left  Ig  In  lu  uatural  pcwltion : 
tlie  right  plexa>  Is  somewhat  latt^mlly  displaced  to  show  the  edge  of  the  fornix.    (Hc*o)e*) 

serrated  band  of  gray  substance,  the  edge  of  the  gray  substance  in  the  dentate  or 
hippocampal  fissure,  will  be  seen  beneath  it:  this  is  imftueia  dentata.  Correctly 
speakiug^  it  is  not  placed  within  tlie  cavity  of  the  descending  cornn.  ^h^  fasna 
dentata  has  a  curved  direction,  following  the  course  of  the  hij>pociimpus,  and  also 
runs  obli<|Ut^ly  from  above  downward  and  forwanb  Its  hiwer  extremity  is  lost 
in  the  gray  matter  of  the  uncus  or  hook  of  the  hippocampnl  gvrus,  where  it  is 
Been  as  a  small  band  (Giaeomini)  passing  transversely  over  the  hook.  Its  upper 
extremity  is  well  marked  (fa,^riola  ciner^ut)^  and  lies  imruedifttely  behind  and  below 
the  splcnium  of  the  corpus  cnllosum,  over  and  above  which  it  is  continuous  with 
the  lateral  and  mesial  longitudinal  striie  of  that  body  (Fig.  455). 
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The  choroid  plexusei  (Figs.  457,  458)  of  eaeli  lateral  ventricJe  are  two  io 
number,  one  in  the  floor  of  the  h^ahj,  and  the  nthr  in  the  iUMmnding  cornu. 
Eaeh  is  a.  vascular  fringe-like  meiubmue  witli  a  free  edge  looking  toward  the 
ventricular  cavity,  and  an  attached  margin  which  is  continuous  with  two  layers 
of  pia  mater. 

The  choroid  plexus  of  the  body  of  the  ventricle  is,  as  before  stated,  the  thick- 
ened, convoluted  m\v:  of  tlie  velum  interpoaitum,  which  is  made  up  of  two  layers 
of  pia  mater.  The  rea^oits  for  the  presence  of  two  lajers  in  the  velum  interpo- 
situm,  as  well  as  for  their  continuity  with  one  another  at  their  free  margins,  and 
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for  the  fad  of  the  existence  of  such  free  margins^  must  be  sought  for  in  the  method 
of  development. 

In  the  brief  account  given  of  the  development  of  the  hemisphere  vesicles  no 
mention  was  made  of  the  pia  mater.  But  it  must  be  understood,  of  course,  that 
the  pia  mater  covers  the  entire  brain-tube,  and  takes  part  in,  and  adaj^ts  itself  to, 
all  the  different  chiinges  in  shape  and  position  which  the  various  portions  of  the 
brain  undergo. 

We  thus  have,  at  a  certain  point  of  development,  three  '''tubes"  of  pia  mater 
— one  encircling  the  inter-brain,  and  one  investing  each  hemisphere  vesicle  (see 
Fig.  459).  As  the  latter  approaches  its  fellow  it  also  grows  in  toward  the  inter- 
brain*  Finally,  as  already  described,  actual  adiiesious  tiike  place  between  the 
mesial  aspects  of  each  hemisphere  above  the  inter-bniin,  and  between  that  pojiion 
of  the  hemisphere  which  if  en  external  to  thr  futer-i>rain  and  the  side  of  the  inter- 
brain  (optic  thalamus);  while  the  under  surfaces  of  the  hemispheres  {c<>rpU8  eal- 
losum  and  fornix)  merely  rest  on,  and  are  not  adherent  to,  the  superior  surface  of 
the  inter-brain.     The  effect  on  the  pia  mater  (see  Figs.  4CU,  401)  memalht  and 
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oSfTre  the  inter-brain,  is  thea  clear:  (1)  The  pia  lining  the  mesial  aspect  of  each 
hemisphere  is  absorbed  by  the  formation  of  the  corpus  cMllosum  ari«l  the  coming 
together  of  the  two  halves  of  the  fornix  ;  henee  (2),  the  part  above  the  corpus  cal- 
losum  becomes  continuous  with  that  of  the  other  side  acroga  the  upper  tturfare  of 
the  corpus  caUosuni ;  while  (3)  the  pia  ou  the  under  surface  of  each  hemisphere 
{heloir  the  corpus  callosuni  and  fornix)  becomes  continuous  with  that  on  the  under 
surface  of  the  other,  aiid  forms  one  layer  from  side  to  side  (upper  Xny^v  of  velum 
interpo^situm).  This  upper  layer  of  the  velum  interpositum  is  now  in  close  con- 
tact with  the  layer  of  the  pia  covering  the  superior  surface  of  the  inter-brain 
(lower  hiyer  of  the  velum  interjjositum),  but  they  are  not  absorbed,  because  no 
adhesions  take  place  between  the  corresponding  portions  of  the  brain. 

On  the  sttdeH  the  effect  of  the  adhesion  between  the  hemisphere  an<l  the  optic 
thalamus   m   to    cause   absorption    of   the   layer   of  pia   mater   covering   each; 
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hence,  as  the  pia  mater  on  the  hemhphere  Is  originally  continuous  with  the  uppers 
layer  of  the  vebnn  interpositum,  ami  tlie  pin  mater  on  the  outer  side  of  the  optiolf 
thalamus  with  the  lower  hufer  of  the  same,  it  follows  that  the  twu  hnfern  become 
continuous  at  their  margins  or  along  the  line  where  each  is  *'cut  off,**  as  it  were, 
from  its  original  prolongntion  (Figs.  400,  461), 

This  margin  is  at  first  tthmg  the  horder  between  the  superior  and  external  sur- 
face of  the  thalamus,  hut  soon  becomes  shifted  mesially,  so  that  it  comes  to  lie 
along  the  fjroove  on  the  superior  surface  of  the  tliahimus.  This  shifting  is  due 
to  the  absorption  of  the  pin-mater  layers  external  fa  the  groove,  caused  l>y  the 
adhesion  which  has  taken  place  between  tlie  subjacent  portion  of  the  thalamus 
and  the  superjacent  portion  (epithelial  floor,  see  below)  of  the  hemisphere. 

The  auterior  ej-trfmiti/  of  the  velum  interpositum,  narrow  and  bifid,  as  already 
described,  is  necessarily  limited  by  the  curve  of  the  anterior  pillars  of  the  fornix, 
behind  which  the  two  layers  are  continuous,  because  it  is  at  and  ftround  this  point, 
which  might  he  regarded  as  a  sort  of  hin^^e,  that  the  hemispheres  swing  up  and 
over  the  inter-brain,  carrying  with  them  each  one  half  of  the  future  upper  layer 
of  the  velum  interpositum » 
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Epithelial  Floor  of  the  Body  of  the  Ventricle. — The  margin  of  the  velum  inter- 
positum  tljii-s  formed  is  necossarilj  sittiiited  Wtween  the  under  surface  of  the  tioor 
of  the  bodv  of  lateral  ventricle  ahove  and  the  upper  surface  of  optic  thalamus 
below,  hnt  it  does  not  reach  out  over  all  of  this  surface,  hiit  lies  only  on  its  inner 
half,  as  already  explained.  Hence  a  portion  of  the  under  surface  of  the  floor  of 
the  ventricle  must  rest  on  the  outer  half  of  the  upper  surface  of  the  thalamus* 
Now,  this  portion  of  the  floor,  together  with  that  immediately  superjacent  to  the 
margin  of  the  velum  interpo^itiira,  becomes  reduced  to  a  lai/rr  of  epithelium 
which  stretches  from  the  etlrfe  of  the  fornu'  over  to  the  ttem<t  scmicirvulfjris.  This 
epithelium  is  continuous  with  that  lining  the  ventricle  both  at  the  edge  of  the 
fornix  and  at  the  taenia.  As  it  passes  over  the  fringe-like  margin  of  the  velum 
interpositum  it  invests  all  its  processes,  and  thus  forms  tlie  true  choroid  plexus. 
As  it  pa.s9es  over  the  optic  thalamus  it  has  ependyma  heneath  it,  as  also  where  it 
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Fio.  460.— The  sume  as  preceding  figure,  but  at  a  supposedly  Inter  stage  of  development    (B.  B.  0.\ 


covers  taenia  semicircularia,  caudate  nucleus,  under  surface  of  corpus  eallosum, 
ventricular  aspect  of  septum  hicidum,  and  upper  surface  of  corresponding  half 
of  fornix. 

Epithelial  Inner  Wall  of  Descendiiig  Cama.— The  entire  inner  wall  of  this 
cornu  is  reduced  to  a  layer  of  epitheliunu  It  is,  morjihologically,  the  continua- 
tion of  the  epithelium  forming  part  of  the  floor  of  the  body  of  the  ventricle  just 
described,  and  it  stretches  between  the  same  structures,  or  rather  their  prolonga- 
tions— i.  e.  tfptiia  se)fiinrcyf*iri8  in  roof  of  *leseending  cortiu  and  t'orfnts  Jjuihritftum 
in  floor  (Figs.  460  and  401)*  In  the  region  of  transition  from  body  to  descend- 
ing cornu,  just  at  the  curve,  the  epithelium  curves  downward  also,  and  stretches, 
now,  between  edge  of  posterior  ])inar  of  fornix  (posterior  part)  across,  on  the 
rounded  pulvinar  of  the  optic  thalamus,  to  the  eurved  part  of  the  tamiiu  which 
is  immediately  external  to  and  lies  against  the  outer  aspect  of  the  pulvinar. 
Hence  this  part  of  the  epithelimn  is,  strictly  speaking,  a  portion  of  the  roof  of 
the  descending  cornu  (see  p.  758)»  Just  beyond  this  point  the  epithelium  assumes 
the  mesial  position  and  becomes  the  regular  inner  wall  of  the  cornu. 
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Clioroid  Plexus  of  Descending  Cornii.— The  epithelial  inner  wall,  jnst  described, 
is  invaginated  by  and  closely  invests  a  fringe-like  raargin  of  pia  mater  (Fig.  461), 
which  apparently  passes  into  the  ventricle,  turn.s  on  itself,  and  passes  out  again, 
but  18  everywhere  covered,  toward  the  cavity  of  the  cornn,  by  the  latter's  now 
greatly  convoluted  inner  epithelial  walL  This  is  the  choroid  plej-us  of  the 
diBeending  cornu^  and  when  seen  from  above  it  lies  over  the  hippocampus  major 
and  conceals  it  from  view,  as  well  as  the  corpus  fimbriatum. 

The  two  layers  of  pia  mater,  of  which  the  margins,  covered  by  epithelium, 
make  up  the  choroid  plexus,  are  in  continuity  with  the  two  layers  of  the  velum 
interpositum,  whose  margins,  also  covered  by  epithelium,  form  the  choroid  plexuses 
of  the  bodies  of  the  ventricleg.     But  the  upper  latter  of  the  velum  is  continuous 
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Fig.  4fll,— The  tune  as  Ibe  two  prvcMiug  flgiires.  The  vttum  (nterpotitwn  fljid  choroid  plejuKt  are  now  com* 
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nucleus.    iB,  B.  G.) 

with  the  lower  Im/er  of  the  choroid  plexus  of  the  cornu,  and,  vice  versd,  this  rela- 
tion being  due  to  the  bending  downward,  forward,  iind  inward  of  the  temporal 
lobe  and  the  descending  cornu.  This  relation  may  perliaps  be  better  appreciated 
by  tracing  these  layers  separately,  thus : 

The  lower  layer  of  the  *' choroid  plexus''  of  tlie  descending  cornu,  if  traced 
out  of  the  comu — /.  e.  toward  the  mediati  line-^passes,  at  its  Irnver  party  right 
around  the  under  surface  of  the  temporal  lobo  ;  if  traced  at  its  upper  part — /,  e, 
at  the  curve  of  junction  between  this  cornu  and  body  of  ventricle — this  same 
layer  will  be  found  to  bend  t^Inirpb/  forfrard  on  itself  an<l  to  come  forward  untler 
the  edge  of  the  now  superiorly  placed  fornix,  and  be  continuous  with  the  upper 
layer  of  the  velum.  Posteriorly  and  externally,  this  layer  is  in  continuity  with 
the  pia  mater  covering  the  under  surfaces  of  the  occipital  and  temporal  lobes. 

The  upper  hiifer  of  the  "  choroid  plexus  ''  of  the  descending  cornu,  if  traced 
in  the  same  manner — /.  c.  at  two  levels — ^is  found,  at  the  lower  level,  to  be  con- 
tinuous with  the  pia  mater  covering  the  crustie  of  the  mid-brain  ;  at  the  upper 
level  it  also  bends  sharply  forward,  comes  forward  under  the  fornix,  and  is  con- 
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tinued  into  the  lower  laj/er  of  the  velum  iDterpositum.  Just  at  tbe  forward 
hend  this  layer  ia  really  anterior  to  the  other  one.  Posteriorly,  this  same  layer  is 
in  continiiity  with  the  piit  mater  covering  the  corpora  qua<lrigemina,  which,  in  its 
turn,  if  traced  vent  rally,  is  seen  to  be  continuous  with  that  already  mentioned 
Covering  the  crustae. 

It  would  appear,  then,  from  the  foregoing,  that  this  whole  arrangement  of  pia 
mater  is  a  complicated  invagination  or  tuckiug-in  process  of  an  originally  single 
layer.  Morphologically,  however,  we  find  this  arrangement  to  be  caused  by  the 
absorption  of  the  eontig«»ons  layers  of  tbe  three  •^'' tubes**  of  pia  raater  already 
referred  to.  Thus  (cf.  Figs.  459,  460,  461),  the  pia  mater  covering  the  crusts 
should  be  considered,  as  it  really  does  in  an  early  stage  of  development,  as  run- 
ning up  on  the  outer  side  of,  and  around  and  behind  the  puhinarof,  the  optic 
thalamus  to  its  upper  surface,  and  thence  inward  to  pass  into  continuity  with  the 
lower  hiyer  of  tlie  velum  intcrjjositum,  thus  making  o/fe  f«fc ;  while,  similarly, 
the  upper  lat/er  of  tbe  pia  from  the  choroid  plexus  of  the  descending  cornu  should 
be  considered,  not  as  being  reflected  mesially  on  to  tbe  crustie,  but  as  running 
upward  along  the  inner  aspeet  of  the  internal  eapHuIe  to  the  tfenia  semicirciilaris, 
anil  thence  inward  along  the  under  surtaee  of  the  lloor  of  the  body  of  the  ventricle 
to  join  with  the  upper  layer  of  tbe  velum  interpositum,  which,  in  its  turn,  should 
be  considered  as  splitting  along  its  middle  line,  each  half  to  bend  upward,  lying 
^memil  to  the  corresponding  half  of  the  fornix,  septum  luciduuK  Jind  corpus  cal- 
Flosnm,  to  meet  the  corresponding  layer  of  pia  mater  lining  the  mesial  aspect  of 
the  hemisphere  above  the  corj>iis  callosum  ;  thus  forming  two  tubes. 

At  the  Junetion  between  tbe  choroid  plexus  of  tbe  body  and  that  of  the 
lescending  cornu  in  the  adult  brain  there  is  a  twisting  backward  of  the  latter,  so 
that  its  free  edge  is  directed  posteriorly,  while  that  of  tbe  former  looks  antero- 
externally  (Fig.  457).      It  may  sometimes  look  mesially,  bending  over  the  fornix. 

Stnicture  of  Choroid  Plexus.— ^The  plexus  consists  of  minute  nnd  highly  vas- 
cular villous  processes,  composed  of  large  round  corpuscles,  containing,  besides  a 
central  nucleus,  several  yellowish  granules  and  fat-molecules,  and  covered  by  a 
single  layer  of  flattened  epithelium.  The  arteries  of  the  clioroid  plexus  enter 
along  the  descending  cornu,  and,  after  ramifying  tlirough  its  substance,  send 
branches  into  the  substance  of  the  bruin.  A  constant  branch,  the  anterior 
choroid,  enters  ut  the  extremity  t>f  the  midiile  horn  of  tbe  lateral  ventricle,  and 
supplies  the  velum  interpositum  and  the  choroid  plexus.  The  veins  of  the  choroid 
plexus  terminate  in  tlu'  vemt;  Galeni. 

The  Transverse  Fissure  (Fig,  454).^ — The  descending  cornu  is  a  mere  cleft; 
that  is,  its  roof  and  floor  are  very  eh>se  together.  Hence  tbe  trrnia  nentieireuhtn's 
of  the  roof,  which  runs  aloug  in  the  substance  of  the  white  matter  of  the  tem- 
poral lobe,  this  white  matter  being  the  outer  and  under  aspect  of  the  beginning 
of  the  internal  capsule,  is  (juite  near  tbe  corpus  fimbria  turn  in  the  floor.  Between 
the  two  pass  the  two  layers  of  the  pia  mater  which  form  tbe  choroid  plexus.  If 
this  pia  mater  be  pulled  out,  the  epithelial  inner  wall  will  necessarily  come  with 
it,  and  ii  clrftdike  oriflce  into  the  cornu  he  produced.  A  similar  cleft  above  will 
be  caused  by  removal  of  the  velum  interpositum  and  choroid  plexuses  of  the 
bodies  of  the  ventricles,  and  if  the  plexus  of  the  other  cornu  hv  removed  also, 
there  will  remain  two  large  curved  fissures,  one  on  each  side,  extending  from  tbe 
end  of  tbe  descending  cornu  to  tbe  corresponding  foramen  of  Monro.  Begin- 
ning at  the  foramen,  the  Assure  will  be  bounded  by  edtp^  of  body  and  posterior 
pillar  of  fornix  abinu\  and  upper  surface  of  0(>tic  thalamus  Mow  (Fig.  462).  At 
the  euree  of  the  descending  cornu  the  cleft  will  Vw  between  puleinar  of  optic 
thalatuus  in  front  and  edge  of  |>osterior  pillar  of  fornix  (now  beginning  to  twist 
into  its  position  in  t\w  Jloor  of  tbe  descending  cornu  as  corjuis  flmbriatum)  hehind ; 
while  along  the  cornu  it  is  bounded  helow  by  eorpioii  fimbriatmn,  and  above  by  rdi^e 
of  fvhite  matter  of  temporal  lobe,  along  which  is  running  the  tivnia  aemic ire nl arts. 
These  two  fissures,  taken  together,  are  known  as  the  frtnisrer^e  fi»iture  of  the  braiii, 
and  only  exist  when  the  jda  mater  and  choroid  plexuses  are  removed.     Hence  it 
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is  BOt  a  real  Essure  or  sulcus,  but  a  rent  in  part  of  the  floor  of  the  body  and  in 

the  inner  wall  of  the  descending  cornu  of  the  lateral  ventricle.  The  cleft  formed 
by  removal  of  the  plexus  of  the  body  of  the  ventricle  leads  tuesially  into  a  space 
whose  upper  boundary  i«  the  under  surface*  of  fornix  and  corpus  callosum,  the 
lower  boundary  being  the  upper  surfaces  of  the  optic  thalarai  on  each  side,  while 
in  the  raiddle  part  is  seen  the  cavity  of  the  third  ventricle,  which  hii8  necessarily 
been  unroofed  by  the  removal  of  the  velum  interpositum.  Posteriorly,  this  space 
continues  into  the  larger  one  separating  splenium  of  corpus  callosum  above  and 
pineal  gland  and  corpora  tpaadrigemina  below;  while  in  its  turn  this  interval  is 
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prolonged  posteriorly  into  the  still  larger  interspace  between  under  surfaces  of 
occipital  lobes  and  upper  surface  of  cerebellum  (Fig.  463). 

The  Surface  Aspect  of  the  Hemispheres. 

Eacli  hemisphere,  as  already  stated,  bar?  four  main  lohcs^  jVontaL  partetah  Um-^ 
p&ral  or  temporo-splienoidal,  and  ocn'pitaL  The  white  substance  or  medullary 
centre  of  each  of  the.se  lobes  lies  next  to  the  corrcsf>onding  portion  of  the  ventri- 
cle, and  is  of  course  directly  continuous  with  that  of  an  adjacent  lobe,  so  that,  as 
far  as  the  white  matter  is  concerned,  there  is  no  actual  demarkation  between  the 
lobes.  The  aur/aees  of  these  lobes,  however,  can  be  fairly  accurately  separated 
from  each  other;  but,  since  they  constitute,  all  taken  togetlier,  the  siirftice  of  the 
entire  hemisphere,  it  is  more  convenient  to  consider  this  first,  and  it  is  to  be 
remembered  that  the  various  **  kdn'ff  *'  to  be  mentioned  are  really  the  surfaces  of 
these  lobes. 

The  surface  of  each  hemisphere  presents  the  following  general  points  for  con- 
sideration :  Its  under  surface  or  base  is  of  an  irregular  form,  resting  in  front  on 
the  anterior  and  middle  fossie  of  the  skull,  behind  upon  the  tentorium  cerebelli. 
There  is  a  small  portion  of  the  under  surface  which  is  adherent.  This  is  e<|ual 
in  width  to  the  internal  capsule,  and  is  the  line  of  junction  between  its  fibres  aud 
those  of  the  cnista  (see  Fig.  4G<J).  Its  upper  surfart  is  of  an  ovoid  form, 
broader  behind  than  in  front,  convex  in  its  general  outline,  and  separated  from 
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that  of  its  fellow  by  the  <jreat  loti^ihidbial  fissure,  which  extends  throughout  the 
entire  length  of  the  cerebrum  in  the  middle  line,  reaching  down  to  the  base  of 
the  brain  in  frout  and  behind,  but  interrupted  in  the  middle  by  a  broad  transverse 
commissure  of  white  mutter^  the  eorjuiH  rtflh^ttm^  wbieh  connects  the  two  hemi- 
spheres together.  This  fissure  lodges  the  falx  cerebri,  and  indicates  the  original 
development  of  the  hemispheres  by  two  lateral  halves. 

Euch  hemisphere  presents  also  an  outer  surface,  which  is  convex  to  correspond 
with  the  vault  of  the  cranium  ;  an  inner  »urfare,  which  is  flattened  and  in  contact 
with  the  ojiposite  hemisphere  (the  two  inner  surfaces  forndng  the  sides  of  the 
longitudinal  fissure) ;  that  is,  above,  in  front  of,  and  below  (reflected  portion) 
corpus  callosum ;  the  hwer  part  of  the  mesial  surface  (inner  aspect  of  internal 

Splenitm 


Pariqf 
tnxn»Jbuure\ 


Fifi,  gland 


V 


,  Pulvinar  f^f 
opiicthat, 

Mup.  c.  q. 
Brachium  (^ 


Oncusof    , 


i. 


,^r  '^ 


^  Mid-brain 


^8ttp.  med. 


Tm.  16^-The  bmlti  from  behind.    The  bemlsphcTG^  and  cerebeUum  an;  widely  ieparated.    (Heole.) 

capsule)  resting  against  and  being  adherent  to  outer  side  of  optic  thalamus 
(Pig,  4G1). 

If  the  arucbnoid  and  pia  mater  are  removed,  the  entire  surface  of  each  hemi- 
Bphere  will  be  seen  to  present  a  number  of  depressions  {fimi(res  and  siilei)  sepa- 
rating a  number  of  convoluted  eminences  (ronvoh(tton»  or  gifri). 

The  depressions  are  of  two  kinds,  /f*«wrt'^  and  suleL  The  fmure»  are  few  in 
number;  they  are  constant  in  their  arrangement,  and  are  produced  by  marked 
foldings  of  the  hemisphere  during  the  process  of  development  There  are  seven 
— fissure  of  Sylvius,  fissure  of  Kolaudo,  parieto-occipital,  calloso-marginal,  hippo- 
campal,  calcarine,  and  collateral  fissures.  The  fir st  four  serve  to  mark  off  from 
each  other  the  larger  lobes  of  the  hemisphere — /,  r.  frontal^  parietal  tempornlt 
and  c*ectfnhd — and  also  two  others,  tbe  wfand  of  Jteil  or  eentral  lohc,  and  the 
h'mhi'c  lobe.  There  is  still  one  other  lol)e,  the  olfaetnrif.  The  three  last-named 
fissures  cause  elevations  in  the  ventricle — viz.  hippocampus  major  and  minor 
and  erainentia  collateralis. 

The  snlet  are  much  more  numerous;  tliey  are  depressions  of  the  gray  matter, 
which  is  folded  inward  and  ouly  indents  the  central  wldte  substance;  they  vary 
in  different  brains  and  in  different  parts  of  the  same  brain. 
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The  terms  '*  fissure  "  and  '\suleus  "  are  often  used  interchangeably. 

The  Oyri  or  Convolatioiia, — There  is  no  accurate  resemblance  between  tbe  con- 
Yolutions  in  different  brains,  nor  are  they  exactly  symmetrieul  on  the  two  sides  of 
the  same  brain,  but  their  general  arrangement  or  pbin  is  fairly  constant.  Certain 
infoldingfci  of  the  cerebrum  take  pbiee  at  an  early  period  of  development  and  form 
important  landmarks,  wbielj  are  constant  and  can  without  diiBculty  be  reeognisied, 
but  the  seeondary  de]>res8ions  and  convolutions  vary  considerably. 

The  number  and  extent  of  the  convolutions,  as  well  as  their  depth,  appear  to 
bear  a  close  relation  to  the  intellectual  power  of  the  individual,  as  is  shown  in 
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Fro.  46-1. — Upper  surface  of  the  brain,  the  aracbnoid  haviug  been  removed!, 

their  increasing  complexity  of  arrangement  as  we  ascend  from  the  lowest  mammalia 
up  to  man.  Thus  they  are  absent  in  some  of  the  lower  orders  of  mammalia,  and 
they  increase  in  number  and  extent  through  the  higher  ordef!^.  In  man  they 
present  the  most  complex  arrangement.  Again,  in  the  child  at  birth,  before  the 
intellectual  faculties  are  exercised,  the  convolutions  have  a  very  simple  arrange- 
ment, presenting  few  undulations,  and  tbe  sulci  between  them  are  less  <leep  than 
in  the  adult 

The  convolutions  on  t!ie  outer  convex  surface  of  the  hemispliere  are  the  largest 
and  moBt  complicated  ;  their  general  direction  is  more  or  less  oblii|ue;  they  fre- 
quently branch  like  tbe  letter  Y  in  their  c«*urse  upward  and  backward  trvwanl  tbe 
longitudinal  fissure;  these  convolutions  attain  tbeir  greatest  development  in  man, 
ami  are  especially  characteristic  of  the  human  brain- 
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Stnicture  of  the  Coavalntions. — ^The  outer  surface  of  each  convolution,  as  well 
as  the  Bides  and  bottom  of  the  sulci  between  them*  are  composed  of  gray  matter, 
^'hich  is  here  called  the  eortical  gnhsiance.  The  interior  of  each  convolution  is 
composed  of  white  matter*  medttllarn  centre,  the  white  fibres  of  which  blend  with 
the  gray  matter  not  only  on  the  surface  of  the  gyrus,  but  at  the  sides  and  bottom 
of  the  sulci  as  well.  By  tbis  arrangement  the  convolutions  are  adapted  to 
increase  the  amount  of  gray  matter  without  occupying  much  additional  space, 
and  to  afford  a  greater  extent  of  surface  for  the  termination  of  the  white 
fibres. 

External  Lobes  a^d  Fissures  of  the  Hemisphere. — Each  hemisphere  of 
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the  brain  on  its  external  snrfaee  is  divided  into  five  lobes,  the  division  bein|];  made 
by  the  main  fissures  and  by  imaginary  lines  drawn  to  connect  them  (Fig*  4tlG). 

The  fissures  dividing  the  five  lobes  on  the  external  surface  of  the  hemispheres 
are  three  in  number,  and  are  named  jimure  of  SyhnuH^  Jimure  of  Rolando^  and 
jHi  rle  t  if  -oee  q  >  it  a  1  jihh  u  re . 

TLe  flsflure  of  Sylvius  separates  the  frontal  fron^  the  temporal  lobe,  and 
lodges  the  middle  cerebral  artery.  It  begins,  at  the  base  of  the  brain,  at  the 
outer  side  of  a  depression  at  the  bottom  of  which  is  the  anterior  perforated  space. 
This  depression  is  called  the  vaUeeuJa  Sf/lvii,  It  then  passes  outward  to  the  exter- 
nal surface  of  the  heniis^pbere.  and  gives  off  a  short  anterior  l/mh^  which  passes 
forward*  and  anotiier,  {tfff'etuJuf(f  limh^  which  passes  upward  into  the  inferior  frontal 
convolution.  It  is  tben  continued  back  word  as  the  horizontal  limb,  and  terminates 
in  tlie  pjirietiil  lobe  after  curving  upward  for  a  short  distance.  It  separates  the 
frontal  and  parietal  lobes  from  the  temiiorab  and  occupies  about  the  middle  third 
of  the  lateral  surface  of  the  hemisphere. 

The  flssmre  of  Eolaudo  is  situated  about  tVic  middle  of  the  outer  surface  of  the 
hemisphere.  It  commences  at  or  near  the  longitudinal  fissure,  and  nnm  downward 
and  forward  to  terminate  a  little  above  the  beginning  of  the  horizontal  limb  of  the 
fissure  of  Sylvius,  and  about  half  an  inch  behind  the  ascending  limb  of  the  same 
fissure.      It  separates  the  frontal  from  the  parietal  lobe. 

The  parieto- occipital  fissure  is  only  seen  to  a  slight  extent  on  the  outer  surface 
of  the  hemisphere,  nnd  is  not  so  distinctly  inarked  as  the  others.  The  portion  on 
the  onttT  surface  of  the  hemisphere  is  sometimes  called  the  erftrnal  parieto-occip- 
itffi  fttmire,  to  distinguish  it  from  the  cnntinuation  of  the  sulcus  on  the  internal 
surface  of  the  bemijiphere,  which  would  tben  be  termed  the  intrrnal  parreto-oefiift' 
italJiBsure.     It  commences  about  midway  between  the  posterior  extremity  of  the 


brain  anci  the  fissure  of  Rolamlo,  and  runs  downward  and  forward  for  somewhat 
lessi  than  nn  inch.     It  separates  the  parietal  and  occipital  lohes. 

These  three  fissures  divide  the  external  surface  of  the  hemisphere  into  five 
lobes — the  fro?ttal,  the  parietal  the  occipital^  the  temporal^  and  the  central  or 
t»!and  of  ReiL 

The  frontal  lobe  is  that  portion  of  the  brain  which  is  situated  in  front  of  the 
fissure  of  Kohmdo  and  above  the  horizontal  limb  of  the  fissure  of  Sylvius*  Its 
under  surface  rests  on  the  orbital  plate  of  the  frontal  hone,  and  is  termed  the 
orbital  lobe. 

The  outer  surface  of  the  frontal  lobe  presents  three  sulci,  which  divide  it  into 
four  primary  convolutions;  1.  The  preeetttrnf  tfuieus  runs  upward  through  this 
lobe,  parallel  to  the  fissure  of  Rolando.      It  may  be  interrupted  by  annectant 
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gyri.  It  divides  off  a  convolution  which  lies  between  it  and  the  fissure  of  Rolando, 
and  which  i^  called  the  a^ot'iulinff  ftoftttti  rotivnlution.  '2  and  3.  From  it  two  sulci, 
the  ^uperwr  and  itiferior  frontal  stflfi.  run  forward  and  downward,  and  tUvide  the 
remainder  of  the  <niter  surface  of  the  lobe— namely,  that  part  in  front  of  the  pre- 
eentral  sulcus — into  three  principal  convolutions,  named,  respectively,  the  sHperior^ 
mithile,  and  inferior  frontal  ajnvolntiotts  (or  ''lobes'*). 

The  under  surface  of  the  frontal  lobe,  which  rests  on  the  orbital  plate  of  the 
frontal  bone,  is  named  the  orbital  foht-  (Fiij^.  407),  This  surfiice  of  the  froiitid 
lobe  is  divided  into  three  convolutions  Ity  a  well-marked  ?iulcus,  the  orbital  HulfHx. 
These  are  name<l,  fronj  their  positions,  the  iniental^  anterior,  and  po»trrior  orbital 
convolutiofiit^  and  are  the  continuations  respectively  of  the  superior,  middle,  and 
inferior  frontal  convolutions.  The  internal  orbital  convolution  presents  or  is 
subdivided  by  a  welbuutrked  groove  or  sulcus  {olfacforf/  ftuh'tts)  for  tht*  olfactory 
tract. 

The  ascendint/  frontal  con rohdioH  is  a  simple  convolution,  bounded  in  front  by 
the  precentral  sulcus,  behind  by  the  fissure  of  Rolando,  and  extending  from  the 
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Upper  margin  of  the  bemisphere  above  to  a  little  behind  the  bifiircation  of  tbe 

fissure  of  Sylvius  below. 

The  tfiqH'rior  ff'ontttl  can  volution 
is  sit  11  sited  between  the  mar  "Tin  of 
the  hmgituilmal  fissure  and  the  su- 
perior frontal  sulcus.  It  extends 
above  on  to  tlie  inner  U8pect  of  the 
heniisj>here,  forming  the  marginal 
convolution,  and  in  front  smd  below 
on  to  the  orbital  surface,  foniiing 
the  internal  orbital  convolution.  It 
is  much  divided  hv  secondary  sulci. 
The  middle  fjrnittr!  am  volution 
*  is  situated  between  the  superior  and 
inferior  frontal  sulci,  and  extends 
from  the  preeentral  sulcus  to  the 
lower  margin  of  the  lobe,  where  it 
forms  the  anterior  orbital  convolu- 
tion. 

The  inferior  frontal  convohitifm 
is  situated  below  the  inferior  frontal 
sulcus,  and  extends  from  the  lower 
part  of  the  precentral  sulcus,  circling 
round  the  ascending  and  anterior 
limbs  of  the  fissure  of  Sylvius,  to 
the  under  surface  of  the  lobe,  where 
it  tortiis  the  posterior  orbital  convo- 
lution. 

The  parietal  lobe  is  situated  be- 
tween the  frontal  and  occipital  lobes, 
and  is  not  mucli  more  than  half  the 
size  of  the  former.  It  is  lH>n tided  in 
front  by  the  fissure  of  Htdimdo ;  be- 
hind^ by  the  external  paricto-occip- 
ital  fissure  and  a  line  drawn  in  continuation  of  that  sulcus  over  the  hemisphere ; 
and  below%  by  the  horizontal  limb  of  the  fissure  of  vSylvius  and  a  line  connecting 
this  with  the  lower  end  of  the  superior  occi[iital  sulcus.  Above,  it  extends  to  the 
longitudinal  fissure.  It  presents  for  examination  two  sulci  find  three  convolutions. 
The  iutrapariettd  Hufiu^  commences  close  to  the  horizon lal  liioh  of  the  fissure 
of  Sylvius,  about  midway  between  tfie  fissure  of  Rolando  and  the  uj^turned 
extremity  of  the  fissure  of  Sylvius.  It  first  runs  upward  jjarallel  to  and  behind 
the  lower  half  of  the  fissure  of  Rolando,  and  then  turns  backward,  extending 
nearly  to  the  termination  of  the  external  parieto-occipital  fissure,  where  it  some- 
times becomes  c<intinuoiis  with  the  superior  occipital  sulcus.  The  ascending  por- 
tion of  this  sulcus  Sep  a  rates  off  a  convolution,  the  nHfu/itdimj  pan^inh  which  lies 
between  it  and  the  fissure  of  Rolando,  whilst  the  horizontal  portion  divides  the 
remainder  of  the  jtarietal  lobe  into  two  other  convolutions,  the  9uperior  and 
infer hr  parietaL 

The  ptwt'Ventral  xulcus  is  a  slightly  marked  groove,  which  is  sometimes  a 
branch  of  the  intra  parietal  sulcus,  being  given  off  where  the  ascending  jm^'^^^-^^ 
of  this  sulcus  turns  backward.  It  lies  parallel  to  and  behind  the  upper  part  of 
the  fissure  of  Rolando,  and  separates  tbe  ascending  from  the  superior  parietal 
convolution.^ 

*  Professor  Cunningham  de^^erUies  these  two  auld,  iniRipurietal  and  postcentral,  somewhat  differ* 
ently.  He  rcf^aj-ds  them  iis  hoih  h^Umging  Uj  the  inini|mrieial  suh^us,  which  he  divides  into  fhree 
parts:  the  ascencling  [lorlion  nf  the  intrafmrietal,  a»  descrihtvl  ahuve,  he  terms  the  ramm  prrticalig  tnfc- 
rior ;  the  horiKontiil  portion  as  the  rumug  horisontaNs;  while  the  pfM-fentrai  sulcus  he  denominalee 
tbe  ramus  vertietdis  supurior.   He  HXutea  that  euaiiiderable  variability  is  exhibited  iti  the  reUtion  to  each 
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Fig.  467.— Oonvolutions  ana  fissure*  of  the  under  surface 
of  the  anterior  lobe. 


The  anceMding  pariet<il  convolution  is  bounded  in  front  by  the  fissure  of  Rolando, 
behind  by  the  ascending  portion  of  the  iiitraparietal  and  the  post-central  sulci.  It 
extends  from  the  great  longitudinal  fissure  above  to  the  horizontal  limb  of  tbe 
fissure  of  Sylvius  below.  It  lies  parallel  with  the  ascending  frontal  convolution^ 
with  which  it  is  connected  below,  and  also  generally  above,  the  termination  of 
the  fissure  of  Rolando. 

The  m^perior  p*oiefal  cotu'rihttioff  is  bounded  in  front  by  the  post^eentral  sulcus, 
which  separates  it  from  the  previous  convolution,  but  with  which  it  is  usually 
connected  above  the  upper  extremity  of  the  sulcus ;  behind,  it  is  hounded  by  the 
external  parieto-occipital  fissure,  below  the  termination  of  which  it  is  connected 
with  the  occipital  lobe  by  a  narrow  convolution,  the  ^V*^  anneetant  gyrus.  Below, 
it  is  separated  from  tbe  inferior  parietal  convolution  by  the  horizontal  portion  of 
the  intraparietal  sulcus ;  and  above  it  is  continuous  on  the  inner  surface  of  the 
hemisphere  with  the  quadrate  lobe. 

The  inferior  parietal  vonimhdion  is  that  portion  of  rhe  parietal  lobe  which  is 
situated  between  the  ascending  portion  of  the  intraparietal  sulcus  in  front,  the 
horizontal  portion  of  the  same  sulcus  above,  the  horizontal  limb  of  the  fissure  of 
Sylvius  below,  and  the  posterior  boundary  of  the  parietal  lobe  behind.  It  is  sub- 
divided into  two  convolutions  by  an  indistinct  groove.  One,  the  ><upnimarififtaK 
lies  behind  the  lower  end  of  the  intraparietal  sulcus  and  above  tbe  horizontal  limb 
of  the  fissure  of  Sylvius.  It  is  connected,  in  front,  with  the  ascending  ]*arietal 
convolution  beneath  tbe  intraparietal  sulcus,  and  with  the  superior  temporal  con- 
volution behind,  around  the  posterior  extremity  of  the  fissure  of  Sylvius,  The 
other,  tbe  anfjular^  is  connected  in  front  with  the  foregoing  and  with  the  middle 
tenij>oral  convolution  by  a  process  which  curves  round  the  superior  temporal  or 
parallel  sulcus.  It  is  connected  with  the  occipital  lobe  by  the  second  anneetant 
gj/rm. 

The  occipital  lobe  is  triangular  in  shape  and  forms  the  posterior  extremity  of 
the  hemisphere.  It  rests  upon  the  tentorium.  Its  external  surface  is  bounded 
in  front  by  the  external  parieto-oeci|»ital  fissure  and  a  line  drawn  frum  tbe 
extremity  of  this  in  the  direction  of  tbe  fissure  across  tbe  outer  surface  of  tlie 
hemisphere.  It  is  continuous  below  and  in  front  with  the  temporal  lobe,  and 
above  and  in  front  with  the  parietaL  It  is  divided  on  the  outer  surface  of  tbe 
hemisphere  into  three  convolutions  by  two  indistinct  sulci — tbe  mtperior  and 
middle  oeetpital  mdei.  They  are  directed  backward  across  the  lobe,  being  fre- 
(juently  small  and  ill-marked ;  the  superior  is  sometimes  continuous  with  tbe 
horizontal  portion  of  the  intraparietal  sulcus. 

The  sfijH'rif^r  oeelpitaf  eonvoiHtion  is  situated  above  the  superior  sulcus,  and  is 
connected  to  the  superior  parietal  convolution  by  the  Hrst  antieetant  ggrm. 

The  middle  oeeipital  Vimpohition  is  situated  between  the  superior  and  middle 
occipital  sulci,  and  is  connected  to  the  angular  convolution  by  the  senntd  attneetant 
gi/niff^  and  to  the  middle  temporal  by  the  thirfl  anneetant  fjgrun. 

Tbe  inferior  oeeipital  etineolutimi  is  situateil  fielow  the  middle  occipital  sulcus, 
and  is  sometimes  separated  from  the  external  occipito-temporal  {fourth  temporal) 
convolution  on  the  under  surface  of  the  hemisphere  l*y  an  inconstant  sulcus,  the 
inferior  oeeipital  salens  (posterior  extension  of  third  temporal  sulcus;  see  next 
page).     The  fourth  anneetaut  ggrun  unites  it  with   the  third  temjioral   gyrus. 

The  temporal  {temporo-nphenoidal)  lobe  is  that  portion  of  tbe  hemisphere  which 
is  lodged  in  tbe  middle  fossa  of  the  base  of  the  skull.      In  front,  and  above  it  is 

odier  of  these  diflerent  pnrts  of  the  intraparietal  feiilciiK  hiU  thftt  the  i>ne  in  which  the  ihree  |iiirtii  of 
the  Biilctis  are  t'OutlueiU  is  by  far  ttn?  mcMt  constant  amditiDii.  Si>nietiriiei?,  however,  the  three  inirta. 
of  the  gulcuy  may  he  ail  yeparate,  or  the  riimtis  iiuriitoiilaliB  eoufluefit  with  the  ramus  verticatifi  infe- 
rior, the  ramus  verticalis  8U|)erior  remaining  sepanile;  or^  a^iiin,  the  vertical  Hiiilw  may  Ih?  txiiitliient 
and  the  horizuntul  liinh  tseparate;  or,  6nal]y^  the  ramus  horizuntali^  rnay  he  joined  to  the  lower  end 
of  the  Fttmuti  vertkulis  superior,  while  Ihe  lower  vertical  liinh  in  aeparute.  The  connection  which 
soipelimeH  exists  between  the  intraparietal  t^ulcuH  and  the  (H'cipital  hthe  lie  calls  the  ifrmiw  occipiUtlus. 
In  the  majorky  of  eases,  however,  the  occipiud  ramus  is  separated  from  the  main  portion  of  the  infra- 
parietal  sulcim  by  a  superiicial  or  deep  bridging  eou  vol  lit  ion  {Jonvnnl  0/  Annfimit/  ttjid  PhyMwjtf,  vol. 
xxi%\  part  ii.  p.  135). 
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limited  by  the  fissure  of  Sylvius;  behind,  on  its  external  surface,  it  is  connected 
with  the  parietal  and  occipital  lobes,  and  is  limited  artificially  by  a  line  continuing 
the  direction  of  the  external  parieto-occipital  fissure  across  the  outer  surface  of  the 
hemisi^pljere.  It  is  divided  into  tliree  eoiivolntions  by  two  sulci*  The  superior  of 
these  runs  parallel  to  tbe  horizontal  limb  of  the  fissure  of  Sylvius.  It  is  named 
the  superior  or  j^V*^  temporal  or  parallel  ndcus^  and  it  is  well  marked  and  eon- 
itant*  The  second,  the  mkldh  or  second  fentporaJ,  is  not  so  well  marked  or  con- 
stant ;  it  takes  tbe  same  course  at  a  lower  level. 

The  stiperwr  or  first  temporal  ^'onvoiution  is  situated  between  the  horizontal 
limb  of  the  fissure  of  Sylvius  and  the  superior  temporal  sulcus.  It  is  continuous 
behind  with  the  supramarginal  convolution. 

The  titiddle  or  seeond  temporal  eouvoliitiou  is  situated  between  the  superior 
and  middle  sulci  of  the  same  name,  and  is  continuous  behind  with  the  angular 
and  middle  occipital  convolutions. 

The  inferior  or  third  temporal  convolutinn  is  situated  below  the  middle  tem- 
poral sulcus,  anil  is  separated  from  the  external  occipito-temporal  (fourth  fern- 
Iforal)  convolution,  cm  the  i(/it/*^r  (mesial)  aurfaee  of  the  hemii?^phere,  by  a  sulcus 
which  is  called  the  inferior  or  third  temporal  suleus.  It  is  connected  with  the 
inferior  occipital  convolution. 

The  central  lobe,  or  island  of  Eeil  (Figs,  467,  468),  is  situated  in  the  fissure 
of  Sylvius;  at  the  base  of  tbe  brain  it  is  separated,  in  front,  from  the  posterior 
orbital   convolution   by  a  nearly  transverse  sulcus,  the  anterior  inuleun  of  Ih'il ; 

externally,  from  the  inferior  frontal  con- 
voUttion  and  tbe  lower  ends  of  the  ascend- 
in, ir  frontal  and  parietal  convolutions  by 
another  deep  sulcus,  the  eTternal  gtilcu^ 
of  Reil  ;  and  posteriorly,  from  the  tem- 
poral lobe  by  a  third  sulcus,  the  pojs- 
terior  innleuit  of  ReiL  It  is  a  triangu- 
lar-shaped (apex  downward)  prominent 
cluster  of  about  six  convolutions,  the 
gi^ri  opvrti.  so  called  froiu  being  covered 
in  by  the  gyri  bounding  the  fissure.  By 
the  removal  of  these  coti volutions  the  ex- 
tniventricular  part  of  the  corpus  striatum 
wonltl  be  reached. 

These  various  ^ulei  of  Reil,  taken 
together,  constitute  the  mdeu.^  limit an» 
inmtlce.  The  Huleu^  eenfralis  in^uht  di- 
vides the  lobe  into  a  pre-central  and  a  post-central  lobule,  of  which  the  former 
corresponds  to,  or  may  be  regardetl  as  part  of,  the  frontal  lobe ;  and  the  latter  to 
the  parietal  and  temporal  lobes.  Those  portions  of  the  corresponding  lobes  from 
which  the  above-uicntioned  sulci  separate  the  i^laud  overhip  it  in  the  normal  con- 
dition, and  are  known  as  the  ope  re  u  la. 

The  Me.sial  Lobes  and  Fr.^scRES  of  the  Hemispjiere. — The  urrungement 
of  the  eonrolutioun  in  this  region  is  less  complex  :  they  are  generally  sveil  defined, 
and,  some  of  them  being  of  great  length,  there  is  not  the  same  subdivision  into 
smaller  lobes  as  on  the  external  surface  (Figs.  461*,  470),  The  tissuren  on  the 
internal  surface  are  five  in  number,  and  are  named  the  raltoso-marginaly  the 
parieto'occipital.   the  ealcai^ine^   the  collateral^   and  the  dentftfe. 

The  callaso-margmal  fissure  is  seen  in  front,  commencing  l>elow  the  anterior 
extremity  of  the  corpus  ealh^sum  :  it  at  first  runs  forward  and  upward,  parallel 
with  tiie  rostrum  of  the  corpus  callosum,  and,  winding  round  the  genu  of  that 
body,  it  continues  from  before  backward,  between  the  upper  margin  of  the  hemi- 
sphere and  the  convolution  of  the  corpus  callosutn,  to  about  njidway  between  the 
anterior  and  posterior  extremities  of  the  brain,  where  it  turns  upward  to  reach  the 
upper   margin   of  the   inner  surface   of  the    hemisphere   (paracentral  fissure  of 


Fio.  ^fiS.— External  surface  of  left  lietutsphere. 
The  islanrl  *"sf  Reil  is  shown  by  raising  thi»  ri^pomilii 
and  bending  ontward  the  npfKtir  *"d^;e  of  thf  tern- 
piiml  luhe.  a  mid  b  are  the  |>i»rtiursa  uf  the  inwnhi 
wpArAtiid  b>'  ihe  stdctta  cfntralui  irustdx.  (Gegeubaur. ) 
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Wilder)  a  short  distance  behind  the  superior  extremity  of  the  furrow  of  Rolando. 
It  separates  the  marginal  convolution  from  the  gyrus  fornicatus  or  con  volution  of 
the  corpus  eallosum  (limbir  h/hr). 

The  parieto-occipital  fissure  {mternal  parieto-occtpital )  is  the  continuation  of 
the  fissure  of  the  same  name  seen  rm  the  outer  surface  of  the  hemisphere.  It 
extends  in  an  oblii|ue  direction  downward  and  forward  to  join  the  calcarine 
fissure  on  a  level  with  the  hinder  end  of  the  corpus  callosum*  It  separates  the 
quadrate  from  the  cuneate  lobe. 

The  calcarine  fissure  commences,  usually  by  two  branches,  at  the  back  of  the 
hemisphere,  runs  nearly  horizontally  forward,  and  is  joined  by  the  parieto-occipital 
fissure,  anil  continues  nearly  as  far  as  the  posterior  extremity  of  tlie  corpus  callosum, 
to  terminate  a  little  below  the  level  of  this  commissure.     It  separates  the  cuneat 
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Fin.  4R!>.- Mesial  or  ftincr  B»|ieot  of  IpA  hctnisphero,  together  with  opllc  tbulamiifl  an*l  pnrt  of  mid-hniln* 
The  U'UifKirul  lobe  U  rlrawii  ijou  award  and  backward  away  from  l\ni  ui'tio  thulamug.  The  se|iCum  lucidiim 
£b  removed,    <^t'nh^) 

lobe  from  the  fifth  temporal  or  infracalcarme  gyrus,  and  eiiuses  the  promitionce  in 
the  posterior  cornu  known  as  the  hippocampus  minor  or  calcar  avis,  whence  its  name. 

The  cellateral  fissure  (ftjurth  tem]>oral  sulcus)  is  situatt-d  below  the  preceding, 
being  separated  from  it  by  the  infraealcarinc  gyrus.  It  runs  fnrwsird.  fro  in  the 
posterior  extremity  of  tlie  brain,  ueiuly  as  far  as  the  commeneement  of  the  fissure 
of  Sylvios.  It  runs,  at  first,  between  the  fourth  tem|>oral  (below)  and  infra  calcarine 
(above)  convolutions,  and  then  lies  beneath  the  hippocampal  gyms.  It  lies  below 
the  posterior  and  middle  horn  of  tbe  lateral  ventrich?,  and  causes  the  prominence  in 
the  latter  known  m  the  eminentia  collatenilis. 

Tbe  dentate  or  Mppocampal  fissure  commences  immediately  below  the  posterior 
extremity  of  the  cor|Kis  callosiiiu,  and  runs  forward  to  terminate  at  tlie  recurved 
part  of  the  liippocampal  gyrus.  It  corresponds  with  the  prominence  of  the  hippo- 
campus major  in  the  de?«cem!ing  horn  of  die  lateral   ventricle. 

The  lobes  or  coEYolutions  seen  on  the  internal  surface  of  the  hemisphere  are 
as  follows :  qifrusfonHcdfttii,  tftari^ittai,  (jitadrati\  vajf^nte,  hijipocampal.,  uncinaiej 
infravalearine,  faarth  temporal,  and  th'  parneentral  lobule. 

The  gyrus  fcrmcatus,  or  convolution  of  the  corpus  eallosum,  is  a  well-marked 
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lobe  which  begins  just  in  front  of  the  anterior  perforated  space  at  the  base  of  the 

brain  :  it  passes  forward  below  the  ro.struni,  iiiul  tlien  ascends  in  front  of  the  genu 
of  the  corpus  calh^&imi,  and  nius  backward  along  the  upper  surface  of  this  body 
to  its  posterior  extreiaitj,  around  which  it  bends  to  join  the  hippocampal  convo- 
lution by  a  constriction,  the  inthttniM.  It  is  bounded  below,  in  front,  and  above, 
in  the  greater  part  of  its  extent,  by  the  canoso-marginal  fissure,  which  separates 
it  from  the  marginal  convohition  ;  a}>ove  and  behind  its  bend  it  is  separated  by 
the  p(i^t'it)Mc  JiHutfrt*  from  the  qyadrate  lobe.  Between  it  and  the  corpus  callosutn 
18  the  caihua!  ii:Hkn(j<. 

The  marginal  convolution  is  situated  parallel  with  the  anterior  portion  of  the 
preceding,  and  has  received  il.s  name  from  its  position  along  the  border  of  the 
licmisphere.  It  commences  in  front  of  the  anterior  perforated  space,  runs  along 
the  margin  of  the  longitmlirud  fissure  on  the  under  surface  of  the  orbital  lobe, 
being  subdivided  by  the  sulcus  for  the  olfactory  tract ;  it  then  turns  upward  to  the 
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Fic.  i70.--C<>nvolytion&  and  fisaurea  of  the  iuut^r  surface  of  the  cerebral  htituispherti. 

upper  surface  of  the  hemisphere  and  runs  backward,  forming  the  marginal  convo- 
lution, on  the  inner  surface,  to  the  point  where  the  calloso-marginal  fissure  turns 
upward  to  reach  the  superior  border  of  the  hemisphere.  At  this  point,  together 
with  the  upper  extremities  of  the  ascending  frontal  and  parietal  gyri*  which  are 
bent  over  on  the  inner  surface  of  tlie  hemis]diere,  it  forms  the  paracentral  lobule. 
This  conv<duti<ui  is  regarded  as  being  on  the  mesial  aspect  of  the  fruiital  lobe. 

The  quadrate  lobe  {precttnt'un)  is  the  '*  marginal  "  convolution  of  the  longitu- 
dinal fissure  behind  the  posterior  portion  (paracentral  fissure)  of  the  calloso-marginal 
sulcus,  lyiug  between  this  fissure  in  front  iind  the  internal  parieto-occipital  behind. 
It  is  separated  by  the  post-liudiic  fissure  from  the  gyrus  fornicatus  below,  and  is 
continuous  above  witli  the  sii|RTi*>r  jiarietal  convolution. 

The  cuneate  or  occipital  lobule  is  iri angular  in  shape,  being  situated  hetween 
tiie  internal  |(arieto-oceipital  antl  calcarine  fissures,  which,  as  above  meutioned^ 
meet  behind  the  isthmus  of  the  gyrus  fornicatus. 

The  m&acalcariue  (fifth  temporal)  con  vol  in  ion  extends  from  the  posterior  ex- 
tremity yi^  the  temptu-al  lobe  to  join  the  hippocampal  gyrus,  being  hounded  above 
by  the  calcarine  tnid  its  anterior  prolongation,  after  its  jnnt'tiou  with  tlie  parieto- 
occipital fissure,  and  separated  liulow  from  the  fourth  tempcu'al  convolution  by  the 
collateral  fissure.     The  buck   part  of  this  convolution — that  is,  the  part  below  the 


posterior  portion  of  the  oalcsrine  fissure — is  sometimes  known  as  the  lingual  lobule 
or  t/ijrtts. 

The  fourth  temporal  convolutioa  is  of  considerable  length,  and  lies  on  the  inner 
aspect  of  the  tempoml  lobe,  between  the  collateral  fissure  above  and  the  inferior 
(third)  temporal  sulcus  below,  which  hitter  separates  it  from  the  inferior  (third) 
temporal  convolution  on  the  outer  surface  of  the  temporal  lobe.  Its  posterior  part 
13  called,  at  times,  the  fmiform  hAmh. 

The  bippocampal  coEVolution  is  the  downward  and  forward  prolongation,  on  the 
mesial  surface  of  the  temporal  lobe,  of  the  gyrus  forniciitus,  just  after  the  Latter 
has  bent  around  and  beneath  the  spleniiini  of  the  corpus  eallfisum.  Its  direction 
is  toward  the  apex  of  the  temporal  lobe,  just  before  reaching  which,  however,  it^ 
anterior  extremity  is  recurved  or  bent  backward  in  the  form  of  a  hook,  which  is 
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Fill.  47L^8J<Ie  view  of  the  bimin  of  man,  ahowlng  the  locaUaitton  of  rarioiM  functioDa,  f  After  Ferrier,) 
1.  Centre  for  movemeDts  of  opposite  l<_'g  rtiid  foot.  2,  '^,  i.  reotrti*  far  complex  rnoveTiientH  of  ihx?  anus  and  legs, 
9ts  in  swimmiDK-  •->•  Extension  fyrwftnl  nf  the  una  and  hniKL  *5v  SiiplimtUiD  ivf  the  hand  fmd  flexion,  of  tne 
forearm.  7,  8.  Elevators  mid  deimj-siwini  uf  the  angle  of  tht^  mouth,  y,  hL  .Movements  uf  the  lips  and  tonj^e. 
IL  RetrHctlon  iif  the  iinjfle  of  the  month,  12,  Movement:^  of  the  eyes.  13,13'.  Vision.  14.  Hearing,  a,  b^  c,  tl. 
MoreJjieutfc  of  the  wrists  and  flugersd. 

sometimes  called  the  crochet  or  uncu%*  It  is  bounded  l)etow  by  the  coUatei*al  fi^- 
gurc  {anterior  portion),  and  above  by  the  Mppocampaf  or  dentate  fmure* 

The  Uncinate  Gyrus. — Tlio  hippocampal  and  infracalcarine  tryri  are,  taken 
together,  often  describetl  as  one  gyms,  the  uaruiatc. 

Besides  the  great  primary  convolutiuns  above  named  and  described,  and 
which  can  be  recognized  in  almost  any  well-developed  l^rain,  tliere  are  a  great 
number  of  secondary  convolutions  which  pass  from  one  primary  convolution  to 
another,  and  often  render  the  arrangement  of  the  latter  somewhat  obscure :  of 
these  annectant  convolutions  the  connections  of  the  occipital  lobe,  above  mentioned, 
may  be  taken  a.s  examples. 

Tbe  Limbic  LonE. — ^By  this  term  is  understood  a  grouping  together  of  certain 
portions  of  the  hemisphere  winch  have  a  peculiar  course.  That  is,  beginning 
anteriorly,  they  curve  forward,  upwartl,  and  backward,  then  downward  and  for- 
ward, so  that  their  two  extremities  lie  fjuite  close  together.  The  structures  of  the 
limbic  lobe  have  all  been  described,  and  are  as  follows:  (1)  Oyrus  foinicatus  and 
bippocampal  gyrus;  (2)  the  supracallosal  gyrua  (see  below);  (8)  each  half  of  the 
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fornix,  with  its  corresponding  anterior  and  posterior  pillar  and  half  of  the  septum 
luciduin. 

The  supra^aUoxal  gyru»^  just  mentioned,  may  be  regarded  as  made  up  of  the 
peduncles  of  the  corpus  callosum,  the  longitudinal  stria?  on  tlie  upper  surface  of  the 
same,  and  the  fciscia  den  tat  a  with  its  upper  part^  the  fiiseiola  cinerea.  Tliese 
structures  are  continuous  with  each  other,  as  has  already  been  mentioned  in  the 
description  of  each.  The  name  dentate  gyru»  is  often  used  to  designate  the  com- 
bined faaciola  cinerea  and  fascia  dentata. 

The  boundaries  of  the  limbic  lobe  are  the  calloeo-marginal  fissure,  the  collateral 
fissure,  and  the  post-limbic  fissure. 
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Fio,  472,--Top  view  of  the  bmiu  of  man,  showing  ihe  locaUJtation  of  various  ftjuctioas.  (After  Ferrier.) 
Beft^reuces  the  same  a*  in  the  preceding  ligure. 

The  Olfactory  Lobe  (Fig.  473)* — This  is  situnted  on  the  orbital  lobe  (under 
surface  of  frontal  lobe).  In  general  outline  it  is  long  and  slender,  widest  behind. 
It  is  divisible  into  two^  anterior  and  posterior,  olfactory  !obule».  The  olfactory 
lobe  is  developed  as  a  hollow  outgrowth  from  tlie  ventral  and  lateral  part  of  the 
c«jrresponding  hemisphere  vesicle,  the  cavity  of  which,  in  man  and  primates,  is 
eventually  obliteratciL  In  tlie  adult  eonrlition  the  pttHtcrior  lolnde  is  found  to  have 
remained  on  the  hemisphere,  and  thus  to  form  a  part  of  it,  wliile  most  of  the  ante- 
rior lobule  is  attached  only  by  a  stalk  to  the  posterior,  it  being  freely  separable  in 
the  rest  of  its  extent:  tbat  is,  after  removal  of  the  membranes. 

The  anterior  olfactory  lobule  is  made  U|>  of  (1)  the  o(ffU'foiy  bulb;  (2)  the 
olfaHon/  trnet ;  (3)  the  triqoNnm  off avtor turn  :  and  (4)  the  area  of  Broea. 

The  olfttetortf  buUt  is  an  oval  mass  of  a  grayish  color,  which  rests  on  the  crib- 
riform plate  of  the  etbmoid  boue,  and  forms  the  anterior  expanded  extremity  of 
the  slender  iirocess  of  brain-substance,  the  olfaetory  tract  (see  page  792)*  From 
the  under  part  of  this  bulb  are  given  off  the  olfactory  nerves^  which  pass  through 
the  cribriform  foramina  and  are  distributed  to  the  mucous  membrane  of  the  nose. 
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The  olfactory  tracts  when  traced  backward,  divides  iEto  two  slips  or  roots, 

external  and  iDternal,  at  its  base.  The  so-called  middle  or  gray  root  i»  the  tri- 
gonum  olfaetortttmj  which  is  enclosed  by  the  two  roots.  Traced  forward,  these  two 
roots  unite  and  form  the  tract,  which  is  a  flat  band,  narrower  in  front  tban  behind, 
and  of  a  somewhat  prismoid  form  on  section.  It  h  soft  in  texture  and  contains 
gray  matter  (neuroglia)  in  its  substance.  As  it  passes  forward  it  is  contained  in 
a  deep  sulcus,  the  otfaeJonf  stfkus,  which  subdivides  the  internal  orbital  convolu- 
tion,  lying  on  tbe  under  surface  of  the  frontal  lobe  on  each  side  of  the  longi- 
tudinal fissure,  and  is  retained  in  position  by  the  membrane  (pia  mater),  which 
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Fto.  473.— Base  of  the  brain. 

covers  it.     On  reaching  the  cribriform  plate  of  the  ethmoid  bone  it  expands  into 
the  olfactory  bulb. 

The  trigomim  off  actor  aim  and  the  area  of  Broea  constitute  one  and  the  same 
area  of  cortical  gray  matter,  bounded  internally  and  posteriorly  by  a  fissure 
{ftsmtra  prima\  wliich  separates  it  from  the  anterior  part  of  the  peduncle  of  the 
corpus  callosum  on  its  inner  aspect,  and  from  the  anterior  perforated  space  pos- 
teriorly. Externally,  this  area  passes  into  continuity  with  the  cortical  gray 
matter  of  the  internal  orbital  gyrus,  This  area  is  divided  into  thr*'*'  districts  by 
the  passage  across  it,  from  before  backward,  of  the  two  roo^^of  the  olfactory  tract. 
The  internal  district,  lying  between  tlie  internal  root  and  anterior  part  of  pedun- 
cle of  corpus  callosum  (fissura  prima  intervening)  is  tlie  arra  of  Broca^  continu- 
ous with  the  beginning  of  the  gyrus  fornicatns.     The  middle  district,  included 
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between  the  two  roots,  is  the  trigonum  olfactorium.  The  external  district, 
external  to  the  external  root,  is  very  small  and  has  no  especial  name. 

The  posterior  olfactory  lobule  or  anterior  perforated  space  (ttnterior  perforated 
hrmhift)  h  situfited  at  the  inner  side  of  the  fi.^sure  of  Sylvius.  It  m  bounded 
in  front  bv  the  fissura  prima  (transverse  part)  and  the  orbital  eonvolntions 
of  the  frontal  lobe ;  behind,  by  the  optic  tract ;  externally,  by  the  temporal 
lobe  and  commencement  of  the  fissure  of  Sylvius  (vailevula) ;  internally,  it  is 
continuous  with  the  lamina  cinerea.  It  is  crossed  internally  and  posteriorly  by 
the  posterior  part  of  the  peduncle  of  the  corpus  callosum,  and  externally  by  the 
external  olfactory  root.  It  is  of  a  grayish  color,  and  corresponds  to  the  under 
euH'ace  of  the  corpus  striatum  (hrntieular  nuelens)  and  part  of  the  claustrnm*  It 
has  received  its  name  from  being  perforated  by  numerous  minute  apertures  for 
the  transmission  of  small  straight  vessels  into  the  substance  of  the  corpus  Btri- 
atum,  constituting  the  anteromedian  and  antero-latentl  ganglionic  branches  of  the 
anterior  and  middle  cerebral  arteries. 

The  Olfactory  Boots.— The  eHernal  rmt  parses  outward  across  the  anterior 
perforated  space  and  the  fissure  of  Sylvius  to  the  temporal  lobe — /.  e*  entl  of 
hippocampal  i/i/nts  (possibly  nucleus  amygdalae  also)— where  it  meets  the  termi- 
nation of  the  peduncle  of  the  corpus  callosum. 

The  ifitej^nal  root  passes  inward  and  joins  the  lower  end  of  the  gyrus  fornix 
t'liifi^  after  bending  around  and  behind  the  area  of  Broca,  into  which  also  some 
of  its  fibres  pass. 

The  trigonuw  receives  a  few  fibres  directly  from  the  end  of  the  tract — i*  *f. 
between  the  divergence  of  its  roots.  When  these  fibres  are  well  marked  they 
constitute  the  so-called  '"  middle  root/*  From  the  end  of  the  tract  a  few  fibres 
also  pass  directly  dorsally  into  the  white  matter  of  the  frontal  lobe,  upper  or 
dorm  I  root  ( Henle), 

Each  root  of  the  olfactory  tract  is  thus  seen  to  be  connected  with  an  extrem- 
ity of  tho  linihic  lobe — the  external  with  the  end  of  the  hippocampal  gyrus, 
and  the  internal  with  the  beginning  of  the  gyrus  fornicatus. 

Under  Surface  or  *'  Base  "  of  the  Encephaion. — The  various  objects  exposed  to 
view  on  the  under  surface  of  the  brain,  in  and  near  the  middle  line,  are  here 
arranged  in  the  order  in  which  they  are  met  with  from  before  backward  (Fig* 
473): 

In  the  3Iiddh  Line, 
Longitudinal  fissure. 
Under  surface  of  rostrum  of  corpus 
callosum  and  its  peduncles. 


Lamina  cinerea. 

Optic  commissure. 

Pituitary  body. 

Infundibulum, 

Tuber  cinereum. 

Corpora  albicantia. 

Posterior  perforated  space. 

Tuber  annulare  of  pons. 

Medulla  obboigata  (ventral  surface)* 


Each  Side  of  the  3Iiddle  Line. 
Fuder  surface  of  frontal  lobe. 
Olfactory  bulb. 
Olfactory  tract. 
Olfiictory  roots. 
Anterior  perforated  space. 
Fissure  of  Sylvius. 
Optic  tract. 
(Jrusta. 

Under  surface  of  temporal  lobe. 
Under  surface  of  hemisphere  of 

cerebellum. 


The  longitudinal  fissure  partially  separates  the  two  hemispheres  from  each 
other:  it  divides  the  two  frontal  lobes  in  i'ront,  and  on  raising  the  cerebellum  and 
pons  it  will  be  seen  completely  separating  the  two  occipital  lobes.  Of  these  two 
portions  of  the  longitudinal  fissure,  that  which  separates  the  occipital  lobes  is  the 
longer,  The  intermediate  portion  of  the  fissure  is  filled  u\y  by  the  great  transverse 
band  of  white  matter,  the  eorpus  calloHUftt*  In  the  fissure  between  the  two  frontal 
lobes  the  anterior  cerebral  arteries  ascend  on  the  corpus  callosum. 

Interpeduncular  Space. — Immediately  behind  the  diverging  optic  tracts,  and 
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between  them  and  the  inner  margins  of  the  crust^e  or  peduncles  of  the  cerebrnm 
{crura  eerehri),  is  a  lozenge-shaped  interval,  the  interpeduncular  $pave^  m  which 
are  found  the  folio  wing"  parts:  the  tuber  cinereum,  infundibulum,  pituitary  body, 
corpora  nlhicantia,  and  tLe  posterior  perforated  space. 

The  remaining  structures  above  enumerated  have  all  been  previously  described, 
each  in  its  own  region. 

Structure  of  the  Hemispheres, 

Each  hemisphere  is  made  up  of  gray  and  white  matter*     The  latter  constitu 
nearly  the  whole  of  the  deeper  portion  {medullary  centre)^  and  enters  into  the 
structure  of  the  convolutions.     The  gray  matter  covers  in  tlie  eouvolutions,  form- 
ing the  cortex  of  the  hemisphere,  and  also  is  collected  into  three  masses  or  nuclei 
situated  in  the  hemisphere—tbe  eorpuB  striatum^  the  elaufttrum^  and  the  nuden^  , 
amygdalce*     These  last  might  be  regarded  as  subdivisions  of  one  large  nucleu8|  f 
since  they  are  more  or  less  connected  in  the  anterior  perforated  space. 

The  WHITE  MATTER  OF  THE  HEMISPHERES  consists  of  medultated  fibres,  vary- 
ing in  size  and  arranged  in  bundles,  separated  by  neuroglia*  They  may  be 
divided  into  three  distinct  systems,  according  to  the  course  which  they  take: 
1.  I^rojeet ion  fibres,  which  connect  the  hemispheres  with  the  medulla  oblongata  j 
and  cord.  2,  Tranm'erse  or  commimural  fibres^  which  connect  together  the  two 
hemispheres.  3.  AHsociatioft-fibre»  (Meynert),  which  connect  different  structures 
in  the  same  hemisphere. 

1.  The  projection  or  peduncular  fibres  consist  of  a  main  body,  which  originates 
in  the  cord  and  medulla  oblongata,  forms  the  longitudinal  fibres  of  the  pons,  which 
last  are  then  continued  up  into  the  mid-brain,  where,  as  has  been  before  described, 
the  fibres  are  arranged  in  two  strata,  which  are  separated  by  the  locus  niger,  the 
ventral  or  superficial  stratum  forming  the  eru^ta,  and  the  dorsal  or  deeper  stratum 
the  bulk  of  the  tefjimcnttttfL  The  fibres  derived  from  these  two  sources  take  a  dif- 
ferent course^  and  will  have  to  be  separately  considered. 

The  fibres  of  the  cruftta  are  derived  from  the  pyramid  of  the  medulla,  which 
fibres  are  continued  upward  through  the  pons  to  form  the  crusta ;  they  are  rein- 
forced in  their  passage  through  the  cms  by  accessory  fibres  derived  from  the  cen- 
tral gray  matter  around  the  Sylvian  arjueduct,  from  the  nuclei  pontis,  and  from , 
the  locus  niger  (see  page  742).  Most  of  the  fibres  of  the  crusta  (except  the-j 
me»ial  fillet,  p.  742)  pass  into  tbe  hemisphere  as  part  of  fche  inter ttal  capsule^ 
which  last,  passing  upward,  diverges  into  fibres  whieh  radiate  forward,  upward, 
and  backward,  thus  constituting  the  corona  radiafa^  Each  fibre  of  this  last- 
named  structure  proceeds  to  the  corresponding  portion  of  the  cortex^  where  it 
becomes  the  direct  prolongation  of  an  axis-cylinder  process  of  a  pyramidal  cell 
(see  below).  Some,  if  not  all,  of  the  fibres  of  the  internal  capsule  give  off  col- 
laterah  to  the  optic  thalamus  and  the  nucleus  caudatus  and  lenticularis  of  the 
corpus  striatum. 

From  thei*e  ganglia  (see  pages  747,  760)  there  are  also  fibres  wJdi^h  proceed 
into  the  internal  capsule  and  the  corona  radiata,  thus  forming  parts  of  each  in 
addition  to  the  fibres  from  tlie  crusta.  The  fibres  which  arise  from  the  ganglia 
are  more  numerous  than  those  which  terminate  in  the  ganglia,  m  that  more  fibres 
pass  out  of  the  ganglia  than  pass  into  them. 

The  fibres  of  the  tct/metitum  are  continuous  with  those  longitudinal  fibres  of 
the  pons  which  are  derived  from  the  formatio  ret{eulari»  of  the  medulla  (which 
see),  including  also  fillet  {per  corpora  quadrigemina)  and  posterior  longitudinal 
bundle.  They  are  I'cin forced  by  fibres  from  the  corpora  r|uafhigemina  and  cor- 
pora geniculata,  and  from  the  superior  peduncle  of  the  cerebellum.  Superiorly, 
some  are  lust  in  the  subthalamic  region,  while  others  enter  the  optic  thalamus  and 
terminate  in  its  gray  matter,  whence  they  are  continaetl  into  the  internal  capsule 
as  the  various  bundles  of  fibres  which  have  been  already  referred  to  both  in  the 
description   of   the  optic   thah^mus  and  just  above.     Thus,   the  tcfpnefital  fibres 
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whicb  help  make  up  the  projeetton  fihren  tlo  m,  not  directly,  bwt  by  the  interpo- 
sition of  the  optic  thalami  and  corpora  striata,  between  which  there  are  also  eon- 
necting  fibres  which  run  throyj^h  the  internal  capsole. 

2.  The  transverse  or  commiasural  Ebres  connect  together  the  two  hemispheres. 
They  include  (a)  the  transverse  fibres  oi'  the  corpus  eallosum,  and  (h)  the  anterior 
commissure. 

The  corpus  €allo9um,  u'hicb  ha.s  already  been  described,  connects  together  the 
two  hemispheres  of  the  brain,  forming  their  great  transverse  commissure,  pene- 
trating into  the  medullary  substance  of  the  convolutions  and  intersecting  the 
fibres  of  the  corona  radiata.  The  fibres  of  the  corpus  callosum  can  each  he  traced 
either  as  a  direct  prolongation  of  an  axis-cylinder  process  of  a  pyramidal  cell  in 
the  gray  matter  of  the  cortex,  or  as  a  collateral  from  one  of  the  pro ftrtufii- fibres 
jnst  described. 

The  anterior  commiggure  is  a  round  bundle  of  white  fibres  which  is  placed  in 
front  of  the  anterior  pillars  of  the  fornix,  and  appears  to  connect  the  corpora  stri- 
ata. It  passes  outward  throug!i  the  lenticular  nucleus  of  the  eorpns  striatum  on 
each  side,  and  then  curves,  somewhat  twisted  on  itself,  downward  and  backward 
into  the  substiince  of  the  temporal  lobe,  where  its  fibres  radiate  from  each  other. 

8.  Association-ibres  comidctiiig  Different  Stmctnres  in  the  Same  Hemisphere. — 
These  fibres  are  of  two  kinds:  (1)  those  which  connect  adjacent  convolutions,  and 
which  are  termed  skftrt  aHHof'iatmi-Jibres  ;  (2)  those  which  connect  more  distant 
parts  in  the  same  hemisphere — the  hntj  a^mcititinn-fihre». 

The  short  assoemtiofHrbrcg  are  situated  immediately  beneath  the  gray  substance 
of  the  cortex  of  the  hemispheres,  and  connect  together  adjacent  convolutions, 
arching  beneath  the  cortical  matter  which  lies  at  the  bottom  of  the  fissures. 

The  lomj  agsociatiim-Jibres  include  the  following ; 

(a)  The  uncinate  fmeiculufi  connects  the  convolutions  of  the  frontal  and  tern* 
poral  lobe.  It  passes  across  the  bottom  of  the  Sylvian  fissure  and  traverses  the 
claustrura. 

(/i)  ^The  fillet  of  the  [/If rus  forfiicatits  or  eingulum  is  a  band  of  white  matter 
which  encircles  the  hemisphere  in  an  antero-posterior  direction,  lying  in  the  sub- 
stance of  the  convolution  of  the  corpus  callosura.  Cotnmencing  in  front  at  the 
anterior  perforated  space,  it  passes  forward  and  upward  parallel  with  the  rostrum, 
win  lis  round  the  genu,  runs  in  the  convolution  from  before  backward  immediately 
above  the  corpus  callosnm,  turns  round  its  posterior  extremity,  and  is  continued 
downward  and  forward  in  the  hippocampal  gyrus  to  its  extremity.  In  its  course 
it  is  connected  with  the  secondary  convolutions  of  the  gyrus  fornicatus  by  short 
arcuate  fibres. 

(e)  The  gnpertor  longitudinal  faseieulu»  runs  along  the  convex  surface  of  the 
hemisphere  and  connects  the  frontal  lobe  with  the  temporal  antl  oecipitaL 

(d)  The  inferior  longitudinal  fa»Heidus  is  a  collection  of  fibres  which  connects 
the  temporal  and  occipital  lobes,  running  along  the  outer  wall  of  the  middle  and 
posterior  cornu, 

{e)  The  perpendicular  fasciculus  passes  vertically  through  the  front  part  of  the 
occipital  lobe,  and  connects  the  inferior  parietal  convolution  above  with  the  pos- 
terior part  (fusiform  lobule)  of  the  fourth  temporal  convolution  below. 

(f)  The  fornix  connects  the  corpus  albicans  with  the  eroehet  or  itfwu^  of  the 
hippocampal  convolution  in  the  manner  which  has  alreaily  been  described. 

The  okay  mattkr  of  tiir  hkmispheri:  is  disposed  in  two  regions:  1,  The 
gray  matter  of  the  cerebral  cortex;  2,  The  gray  matter  of  the  basal  ganglia; 
that  is,  the  corpus  striatum  and  nocleus  amygdahe.  As  the  last  two  have  already 
been  described,  there  remains  only  the  cortex  to  be  considered. 

The  gray  matter  of  the  cortex  (Fig.  474}  invests  the  surface  of  the  hemi- 
gpberes,  covering  in  the  convolutions  or  gyri  and  lining  the  intervening  fissures 
or  sulci.  When  a  vertical  section  is  made  through  a  gyrus,  it  is  found  to  be 
made  up  of  a  white  centre  invested  by  a  portion  of  the  cortex^  which  last,  if 
examined  microscopically,  is  found  to  consist  of  five  separate  layers,  but  to  this 
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there  are  some  exceptions.     According  to  Meynert,  the%e  except fomt  are  to  be 
found — (1)  in  the  posterior  portion  of  the  ofcip- 
ital  lobe :  (2)  in  the  gray  cortex  of  tbe  hippo- 
campus major ;  (3)  in  the  wall  nf  the  fissure  of 
Sylvius ;  and  (4)  in  the  olfactory  bulb. 

The  five  layers  in  the  common  type  (from 
pcirietal  lohe)  arc  as  follows:  (1)  The  first  (»nper- 
fifual  or  fftoh'eular)  htt/e^^  is  principally  composed 
of  a  matrix  of  neuroglia,  through  which  a  few 
small  ganglion-cells  are  irregularly  tlistrihuted, 
and  a  nerve-fibre  network  of  both  non-medullated 
and  medullated  fibres,  the  fatter  constituting  a 
delicate  white  lamina  almost  in  contact  with  the 
pia  mater.  Of  the  fornier,  the  majority  come 
from  the  processes  of  the  pyramidal  cells  in  the 
next  layer,  the  remainder  being  made  up  of  both 
dendrites  (protoplasmic  processes)  and  axis-eyl- 
iodcr  processes  of  the  gaDglion-cells  in  this  layer. 

(2)  The  Hceond  hfi/er  consists  of  numerous 
small  pn/amida!  cells,  which  have  their  long  axes 
vertical  to  tlie  surface  of  the  convolutions,  and 
are  closely  aggregated  together  so  as  to  com- 
pletely fill  the  layer.  The  tiimdritea  of  each  of 
the^e  cells  extend  into  the  preceding  layer,  while 
the  dxisH'pNnder  process,  starting  from  the  base 
of  the  cell,  gives  off  a  few  collaterals  and  extends 
through  the  white  centre  of  the  convolution,  and 
thence  to  the  mrpn^  striatum,  a^  a  project ion-Jibre, 

(3)  The  third  laj/er  is  made  up  of  cells,  which 
are  the  same  kind  as  those  in  the  farmatkm  of 
the  eornu  Am  monk.  These  cells  are  large 
pp'amidal  eeUs^  arranged  vertically  to  the  sur- 
face, as  was  found  in  the  preceding  layer,  but 
they  are  of  very  much  larger  size,  and  increase 
progressively  toward  the  deeper  parts  of  the 
layer,  and  they  are  much  more  widely  separated 
from  each  other,  thus  forming  groups  between 
which  are  radiating  nerve-fibres.  This  layer  is 
the  prrncipal  and  broadest  one  of  the  series,  and 
16  at  least  twice  as  deep  as  the  preceding  layer. 
The  axh-ei/Nndvr  processes  of  these  cells  pass 
into  the  white  substance,  and  there  become  med- 
ullated. Previously  each  gives  off  a  number  of  coUaterah^  which  also  become 
medullated  and  form  ramifica lions  in  the  layer. 

(4)  The  fourth  latfer  is  termed  the  lat/er  of  pohimorphouH  eethy  and  consists 
of  numerous,  small,  irregular  cells,  each  of  which  has  numerous  dendrites,  but 
only  one  axis-cylinder  process.  This  last,  from  most  of  the  cells,  passes  into 
the  white  centre,  hut  from  some  it  goes  peripherally  to  the  first  layer  and  becomes 
continuous  with  one  of  its  fibres. 

(5)  'YhQ  fifth  layer  {httfer  of  fit s( form  n'Ut<)  consists  of  a  very  large  proportion 
of  spindle-shaped  or  fusiform  cells,  w  hich  are  the  peculiar  elements  of  this  layer. 
They  are  especially  numerous  in  the  inner  half,  and  are  arranged  horizontally, 
extending  parallel  to  the  surface.  The  f/au»trum  is  made  up  almost  entirely  of 
an  accumulation  of  cells  of  the  same  kind. 

The  zvkite  re/tfre  lies  just  beneath  the  fifth  layer,  which  gradually  blends  with 
it.  As  its  fibres  radiate  into  the  cortex  they  become  finer,  and  most  of  them  are 
continuous,  as  stated  above,   with  the  axis-cylinder  processes  of  the   large  pyr- 
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amidal  cells  in  the  third  layer  of  the  cortex.  The  coUaterah^  already  referred  to, 
of  these  processes  become  medullateJ  and  form  two  plexuses,  one  along  each 
border  of  the  third  layer.  These  plexuses  appear  to  the  naked  eye  as  two  fine 
white  lines  (Baillarger)  in  sections  of  the  cortex  of  a  fresh  brain. 

Special  Types  of  the  Gray  3Iat(er  of  the  Cortex. — The  special  types  of  gray 
matter  of  the  cortex  are  the  following; 

(1)  On  the  posterior  portion  of  the  occipital  lobe,  near  the  calcarine  fissure, 
the  gray  matter  consists  of  six  or  eight  layers.  This  is  produced  by  the  inter- 
calation of  intermediate  STnall,  irregular  cells,  similar  to  those  forming  the  fourth 
layer  of  the  typical  cortex.  Furthermore,  the  large  pyramidal  cells  of  the  typical 
third  layer  are  very  few,  while,  on  the  other  hand,  in  the  upper  part  of  the  ascend- 
in[f  frontal  convohition  (psycho-motor  region)  these  pyramidal  cells  of  the  third 
hiyer  are,  many  of  them,  of  unusual  size. 

(2)  In  the  gray  matter  of  the  cortex  of  the  hippocampus  major  or  cornu 
Amnion  is  pyrafukhd  celh  are  found,  such  as  have  been  il  escribed  in  the  third 
layer  of  the  typical  cortex.  They  constitute  the  greater  [lart  of  the  structure, 
the  fourth  and  fifth  layers  being  absent.  Hence  this  layer  is  called  the  formatimi 
of  the  cornu  Ammonis,  The  bases  of  these  cells  are  close  under  the  white 
lamina  (alveus)  which  covers  the  hijjpocampus  on  its  ventricular  aspect.  The 
second  layer — i.  e.  toward  the  hippocampal  fissure — contains  no  cells.  It  is 
represented  by  a  closely  interwoven  arborization  of  the  dendrites  (protoplasmic 
processes)  of  the  pyramidal  cells  just  mentioned,  of  which  the  aiis-eylinder  pro- 
cesses pass,  in  the  opposite  direction,  into  the  alveus.  Finally,  beyond  the 
second  layer  is  the  first  layer  of  the  gray  matter  of  the  hippocampus,  or,  as  it 
is  termed,  the  yranular  formation  (Meynert),  and  consists  of  numerous  small, 
irregular  cells,  which  resemble  the  nerves-corpuscles  found  in  the  internal  granule- 
layer  of  the  retina. 

(3)  In  the  Sylvian  fissure  the  fifth  layer  of  the  cortex  contains  an  unusual 
number  of  fusiform  cells  ;  hence  this  layer,  in  this  region,  is  called  the  '*  claus- 
tral  formation,''  because  of  the  number  of  the  same  kind  of  cells  in  the  structure 
of  the  claustrum. 

(4)  In  the  olfactory  buBy  which  is  a  portion  of  the  cerebral  hemispheres,  form- 
ing *"  a  cap  superimposed  upon  a  conical  process  of  the  cerebrum,*'  is  another 
variety  of  structure,  difl'ering  from  the  type  of  the  cortex  of  the  hemispheres. 
Tbe  bulb  consists  of  both  gray  and  white  matter,  and  in  most  of  the  lower  animals 
retains  a  central  cavity  lined  by  epithelium,  around  which  is  a  layer  of  neuroglia, 
surrounded  in  its  turn  by  white  fibres,  the  whole  being  enclosed  by  gray  matter. 
In  man  the  central  cavity  is  obliterated,  and  in  the  '"centre"  of  the  bulb  is  found 
neuroglia  surrounded  in  section  by  a  flattened  ring  (medullary  ring)  of  white 
fibres.  The  gray  matter  is  now  exceedingly  thin  dorsally,  but  very  thick  ven- 
trally,  and  in  section  this  ventral  portion  shows  the  following  layers  from  below 
upward:  1.  The  olfactory  nei've-layer^  consisting  of  a  plexus  of  no n-medu Hated 
nerve-fibres  derived  from  the  nerves  which  suoply  the  olfactory  region.  These 
fibres  pnss  dowtnvard  through  the  foramina  in  the  cribriform  plate  of  the  ethmoid, 
and  dors  ally  into  the  glomeruli  of  2,  the  stratum  yhymvruhsum,  consisting  of 
nodulated  masses  (the  glomeruli),  each  mass  consisting  of  a  dense  interlacement 
of  fibres,  which  are  partly  the  prolongations  of  the  olfactory  fibres  just  mentioned, 
and  partly  the  dendriteH  of  the  mitral  velh  in  the  superjacent  part  of  the  next  layer. 
Small  neuroglia-cells  also  are  f^Dund  in  these  glomeruli.  3,  The  granular  lay er^ 
consisting  of  (a)  small  irregular  nerve-cells  resembling  those  of  the  granule-layer 
of  the  cortex  of  thi*  cerebellum  ;,  (fr)  a  deeper  layer  (next  to  the  stratum  glomeru- 
losnm)  of  htrge,  conical  cells  (mitral  celhy  The  dendrites  of  these  pass  down  to 
the  glomeruli  (see  above),  while  their  axis-cylinder  processes  (medullated)  pass 
upward  between  small  cells  of  the  granule-layer  to  the  medullary  ring,  with  the 
fibres  of  which,  after  ben<ling  sharply  backward,  they  become  continuous,  and 
thence  pass  backward  ahmg  the  olfactory  tract  toward  the  base  of  the  brain ;  that 
19,  the  fibres  of  the  medullary  ring  are  the  continuations  of  these  processes. 
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Weight  of  the  Enceplialoii. — The  average  weight  of  the  brain  in  the  adult  male 
18  49x\  oz.,  or  a  little  more  than  *S  lbs,  avoirdupois;  that  of  the  female^  44  oz, ;  tlie 
average  dilference  between  the  two  being  from  Ty  to  6  oz.  The  prevailing  weight 
of  the  brain  in  the  male  ranges  between  46  oz,  and  o3  oz,,  and  in  the  female 
between  41  oz.  and  47  oz.  In  the  male  the  maximum  weight  out  of  278  cases  was 
t)D  oz.,  and  the  minimum  weight  34  oz.  The  maximum  weight  of  the  adult  female 
brain,  out  of  191  cases,  was  f>6  oz.,  and  the  minimum  weight  31  oz.  According  to 
Luscbka.  the  average  weight  of  a  man's  brain  is  1424  grammes  (about  45  oz.), 
of  a  woman's  1272  grammes  (about  41  oz.),  and,  according  to  Krause,  1570 
grammes  (abont  48.}  oz.)  for  the  male,  and  1350  (about  43  oz.)  for  the  female.  It 
appears  that  the  weight  of  the  brain  increases  rapidly  up  to  the  seventh  year,  more 
slowly  to  between  sixteen  and  twenty,  and  still  more  slowly  to  between  thirty  and 
forty,  when  it  reaches  its  maximum.  Beyond  this  period,  as  age  advances  and  the 
mental  faculties  decline,  the  brain  diminishes  slowly  in  weight,  about  an  ounce 
for  each  subsequent  decennial  period.     These  results  apply  alike  to  both  sexes. 

The  size  of  the  liraiu  was  formerly  said  to  bear  a  general  relation  to  the  intel- 
lectual capacity  of  the  individual.  Cuvier's  brain  weighed  rather  more  than  64  oz,, 
that  of  the  late  Dr.  Abercrombie  63  oz.,  and  that  of  Dupuytren  62|  oz.;  On  the 
other  hand,  the  brain  of  an  idiot  seldom  weighs  more  than  23  oz.  But  these  facts 
are  by  no  means  conclusive,  and  it  is  well  known  that  these  weights  have  been 
e^jualled  by  the  brains  of  persons  who  never  displayed  any  remarkable  intellect. 
Dr.  Haldennan  of  Cincinnati  has  recorded  the  case  of  a  mulatto,  aged  forty-five, 
whose  brain  weighed  68f  oz. ;  he  had  been  a  slave,  and  was  never  regarded  as 
particularly  intelligent;  he  was  illiterate,  but  is  said  to  have  been  reserved,  medi- 
tative, and  economical.  Dr.  Eosor,  district  medical  officer  at  Port  Elizabeth, 
reports  that  the  brain  of  Carey^  the  Irish  informer,  weighed  61  oz.  JL  Nikiforoif 
has  published  an  article  on  the  subject  of  the  weight  of  brains  in  the  NovmtL 
According  to  him,  the  weight  of  the  brain  has  no  influence  whatever  on  the 
mental  faculties.  It  ought  to  be  remembered  that  the  significance  of  the  weight 
of  the  brain  should  depend  upon  the  proportion  it  bears  to  the  dimensions  of  the 
w^hole  body  and  to  the  age  of  the  individual  It  is  equally  important  to  know 
what  was  the  cause  of  death,  for  long  illness  or  old  age  exhausts  the  brain.  To 
define  the  real  degree  of  development  of  the  brain  it  is  therefore  necessary  to 
have  a  knowledge  of  the  condition  of  the  whole  body,  and,  as  this  is  usually 
lacking,  the  mere  record  of  w^eight  possesses  little  significance* 

The  human  brain  is  heavier  than  that  of  all  the  lower  animals,  excejiting  the 
elephant  and  whale.  The  brain  of  the  former  weighs  from  eight  to  ten  jiounds  ; 
and  that  nf  a  whale,  in  a  specimen  seventy-five  feet  long,  weighed  rather  more 
than  five  pounds. 

Cerebral  Localization  and  Topography, —Withiu  the  last  few  yeais  phvsiulogical  and 
jiathulo^iriil  research  havt^  guwv  far  in  ])rMV«'  that  {\w  ^nrfare  of  the  hniiu  may  W  mapped  out 
mU}  series  of  definite  areas,  naeh  one  fif  which  is  iiiHamtt'lv  roniioeted  with  some  welUdefined 
funttiini.  And  this  is  e*tpc<'iaUy  true  with  retrar*!  to  the  eon volutiotis  on  either  side  of  the  Jis- 
sure  of  Rolando,  whieh  :ire  believed  by  most  physiolojariptH  u\  the  present  day  to  be  eouceriied  in 
motion,  tha^e  |?nirtped  around  the  fi.s^ure  hein^  associated  witli  iiiovemenls  of  the  extremities 
of  the  opposite  side  of  the  Unly.  and  those  ariiund  the  lower  end  of  the  fissure  being  related  to 
movements  of  the  mouth  and  tonpruc. 

This  is  not  the  plare.  nor  ean  ^^m-^  he  irlven.  to  describe  these  localities.  But  the  two 
acetimpanyin^r  woodeut8  from  Ferrier  (Fics.  47K  472)  have  Ijeen  intrr»dueed,  and  will  serve  to 
indieate  the  position  of  these  areas  as  far  as  they  have  l>eeii  at  prest^nt  ascertaii^ed. 

Tlie  relation  of  the  principal  fissures  and  convolutions  of  the  cerebrum  to  the  outer  surface 
of  the  sealp  has  l)een  the  subject  of  mtieh  i^eent  investigation,  rmd  many  systems  have  been 
devised  by  whieli  one  injiv  hx^atize  these  parts  from  an  examination  of  the  external  surface  of 
the  head. 

These  [dans  can  otdy  be  nigarded  tis  approximately  correct  for  several  reasons :  in  the  first 
plaec,  because  the  relations  of  the  convohiliotis  and  sulei  to  the  suriiiee  are  found  to  l>e  ver>' 
variable  in  different  individuals  ;  setHtndly,  InK-anso  the  surface  area  t>f  the  scalp  is  greater  than 
the  surface  area  of  the  bi^tn,  so  that  lines  drawn  on  the  one  cannot  eoiTcspond  exactly  to  sulci 
or  convolutions  on  the  other;  and  thirdly,  l>ecause  the  sulci  and  eon  volutions  in  two  imhviduals 
are  never  precisely  alike.     Nevertheless,  the  principal  fisisures  and  eonvoiatiunsean  be  mapped 
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as  iinlicationf^  of  the  position  of  the  parti*  ix^neath,  have  l>etfn  already  referred  to  (see  page  222), 
ami  the  relation  nf  tfie  fissures  ami  ronv<iUitionj=(  to  thene  landmarks  is  as  follows: 

IfOBgitudmal  Fissure.— Tliis  eorrespond^  to  a  liut!  drawn  from  tlie  glaWlla  at  the  rcMjt  of 
the  uot^e  to  the  exti^nuil  oeeipital  protnbemnee. 

The  Fissure  of  Sylviua. — Tlie  iK>sitioti  of  the  fissure  of  Si^lvjus  and  its  horizoutul  limb  h 
marked  by  a  line  startinx  from  a  point  mi*i  inch  and  a  quarter  horizontally  behind  the  external 
angular  prtXH^S8  of  the  frontiil  Injue  to  a  [Kjint  threeHi*nirters  of  an  inrh  below  the  most  prtmii- 
nent  point  of  the  pfirietal  eminenee.  The  finft  three-fiuarters  of  an  inch  will  represent  the  main 
fissure,  the  remainder  the  horizontal  timh.  The  biinrcaiion  of  the  fissure  is*  ther<3fore,  two 
iadies  behind  an<l  about  a  quarter  of  an  ineh  above  the  level  of  the  external  an^lar  process. 
Tlie  aH^endin.Lr  limb  of  the  fissure  piissijs  upward  from  this  point  parallel  to,  ana  immediately 
behind,  the  eon>nal  suture. 

FissTire  of  Rolando, — To  fitul  the  upper  end  of  the  fissure  of  Rolando,  &  measurement 
should  l>c  taken  from  the  i?lalx41a  to  the  external  oectpkal  protubeninee.  The  position  of  the 
top  of  the  suleiia  will  be,  measurioir  fr<*m  in  front,  55Ji  per  cent,  of  the  whole  distance  from  the 
;irlabel!a  to  the  external  occipital  [krotulteranee.  Professor  Thatie  adot>ts  a  somewhat  simpler 
method,  lie  ilivklci?  the  distanee  troni  the  tdabella  to  the  external  weipit^il  protuberance  over 
the  top  of  the  head  hito  two  equal  parts,  and,  having  thus  defined  the  middle  point  of  the  ver- 
tex t  ^^  takes  half  an  inch  behind  it  a»  the  top  of  the  sulcus.  This  is  not  quite  so  aceunitc  as 
the  former  method,  but  it  is  suflieicutly  8i>  for  all  practical  purposes,  and  on  aecouni  of  its  sim- 
plieity  is  verj'  ifenendly  adopted.  From  this  wint  the  fissure  rnns  downward  and  fbrward  for  3i} 
mehcs,  its  axis  making  an  ani^le  of  fi7^'  with  tne  middle  hue.  In  order  to  mark  this  groove,  two 
strips  of  metal  may  be  employed — one,  the  shorter,  Ixting  fixed  to  the  middle  of  the  other  at  the 
angle  mentioned-  If  the  kaiser  strip  is  now  olaced  along  the  saijittal  suture  so  ihat  the  junction  of 
the  two  strips  is  over  the  j)oint  eorresponmn/?  to  the  lop  of  the  furrow,  the  shorter,  oblique 
strip  will  indicate  the  direction  and  3 J  inches  will  mark  the  leui^^th  of  tlie  furrow.  Dr.  Wilson 
has  devised  an  instrument,  called  a  cjTtometer^  which  eombiiies  the  sea le  of  raeasurementH  for 
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loealiKing  the  figsiire  with  datA  for  representing  ite  length  and  direction,*  Frofesior  Tliane 
pves  the  !t»wer  end  uf  the  furrow  as  '*  dose  to  the  po*iterior  limb,  and  about  half  an  inch 
behind  the  bifua^ution  of  tht*  tinsure  of  Sylvius.'*  So  that,  aeet:)hiinc  to  this  anatomist,  a  line 
drawn  from  a  point  half  an  inch  behind  the  inidfjoint  between  the  glat^ella  and  external  fxripi- 
X^\  protuberance  to  this  spot  would  mark  out  the  fissure  of  Rolando.  Dr.  Reid  adopts  a  thflfer- 
enl  niethod  (Fi^.  47<3X  He  first  indk-ates,  on  the  Burfaee  the  longitudinal  lissure  and  the  liori- 
zuiital  limb  of  the  fissure  of  Sylvius  (an  alxive).     He  then  draws  two  perpendicidar  line^i  from 
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Fio.  476.— RelAtionsof  the  pdndpal  flssures  and  L'ODVoliolnns  uf  the  cerebniin  to  the  outer  surlhicD  of  the 


his  ^'baaedine"  (that  is.  a  line  from  the  lowest  jiart  of  the  infmorbital  niarL^n  through  the 
middle  of  the  external  auditory  meatus  to  the  hark  of  the  head)  to  the  top  of  the  eraniuni,  one 
(d  e,  Fig.  476)  troiu  the  depression  in  front  of  the  external  auditory  meatus*  and  the  other 
(f  o»  Fiff.  475)  from  the  posterior  liorder  of  the  mastoid  process  at  its  root.  He  \m\»  thus 
described  on  the  surface  of  the  head  a  four-stded  figure  (F  D  G  E^  Fig.  476),  and  a  diagonal  line 
from  the  posterior  superior  an^de  to  the  anterior  perpendicnlar  line  where  it  is  oroBBed  by  the 
Essure  of  Hylvius  will  represc^nt  the  furrow. 

The  pntit'to-t^empitaljksitre  on  the  upper  surfa*^  of  the  eerebnim  runs  outward  at  right 
angles  to  the  great  longitudinal  fissure  for  about  an  ineh.  from  a  point  ont?-fii\h  of  an  ineli  in 
frijnt  of  the  krabda  (posterior  fontauelle),  Reid  states  that  if  the  horizontal  limb  of  the  fissure 
of  Sylvius  be  continued  onwanJ  to  the  sagittal  suture,  the  last  inch  of  this  line  will  indicate  tlie 
jKjsition  of  the  sulcus. 

The  prf'central  mtlctm  lies  in  a  line  drawn  vertically  downward  from  the  point  of  junctiun  of 
the  sagittal  and  coronal  sutures.  It  begins  four-fifths  of  an  inch  in  front  of  the  middle  of  the 
fissure  of  Rolando,  and  extends  nearly,  but  not  quite,  to  the  horizontal  limb  of  the  fissure  of 
Sylvius, 

The  xftpermr  /rontftf  fiiis^tre  runs  backward  from  the  supra -orbital  notch,  ftarallel  with  the 
line  of  the  longitudinal  fissure  to  two-fifths  of  an  inch  in  front  of  the  tine  indicating  the  position 
of  th**  fissure  of  Rolando. 

The  {fiffrior  frontal  Jmure  follows  the  CN3urse  of  the  superior  temporal  ridge  on  the  fronted 
bone. 

The  itUTfipfirktdl^fiMture  begins  on  a  level  with  the  junction  of  the  middle  and  lower  third 
of  the  fissure  of  H*ilando,  on  a  line  carried  across  the  head  Irom  the  back  of  the  root  of  one 
auricle  to  that  of  the  other.  After  passing  upward  it  curves  backward,  lying  parallel  to  the 
longitudinal  fissure^  midway  between  it  and  the  parietal  eminence;  it  then  curves  downward  to 
cud  midway  between  the  posterior  fontiinclle  and  the  parietal  eminence. 


<  Lanr^t,  vol.  i.,  1888,  p.  408. 
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1st.  Olfactory. 

2d,    Optic. 

3cl    Motor  oculi. 

4th.  Pathetic. 

5th.  Trifacial  (Trigeminus). 

6th.  Abducent. 


THE  CRANIAL  NEEVES. 

The  cranial  nerves  arise  from  souie  part  of  the  cercbro-spinal  centre,  and 
are  transmitted  through  foramina  in  the  base  of  the  cranium.  They  have  been 
named  numericall}%  according  to  the  order  in  which  they  pass  through  the  rf«ra 
mater  lining  the  base  of  the  skull.  Other  names  are  also  given  to  them,  derived 
from  the  parts  to  which  they  are  distributed  or  from  their  functions.  Taken  in 
their  order,  from  before  backward,  they  are  as  follows  : 

7th,  Facial  (Portio  dura). 

8th.  Auditory  (Portio  mollis), 

9th.  Glosso-pharyn^cal. 

10th.  Pneuuiogastric  (I*ar  vagum). 

nth.  Spinal  accessory, 

12th.  Hypoglossal 

AH  the  cranial  nerves  are  connected  to  some  part  of  the  surface  of  the  brain. 

^This  is  termed  tlieir  mtperfmal  or  apparent  orif/hK     But  their  fibres  may,  in  uU 

ses,  be  traced  deeply  into  the  substance  of  the  brain  to  some  special  centre  of 

^  gray  matter^  termed  st  nuch'UH.     Tbis  is  called   their  deep  or  rt-al  ori<^in.     The 

nerves,  after  emerging  from   the  brain   at   their  apparent   origin,   pass  through 

foramina  or  tubular  prolongations?  in   the   dura   mater,  leave  the  skull  through 

foramina  in  its  base,  and  jiass  to  their  tinal  distribution. 

First  Nerve  (Fig.  473,  paf^e  783). 

The  First  Cranial  or  Olfactory  Nenres,  the  special  nerves  of  the  sense  of  smell, 
are  about  twenty  in  number.  They  are  given  oft*  from  the  under  surface  of  the 
olfactory  bulb,  an  oval  mass  of  a  grayish  color,  which  rests  on  the  cribrif<>rni 
plate  of  the  ethmoid  bone,  and  forms  the  anterior  expanded  extremity  of  a  slender 
|»rocess  of  brain-substance,  named  the  olfaatory  Irtirt  (see  [jage  783).  The  olfactory 
tract,  v^hen  traceil  backward,  divides  into  three  slips  or  roots  at  its  base.  The 
middle  root  is  attached  to  the  under  surface  of  the  frontal  lobe,  just  in  front  of 
tbe  anterior  perforated  space.  The  external  root  passes  outward,  round  the 
anterior  perforated  space,  across  tbe  fissure  of  Sylvius  to  tbe  tL'mporo-s|ibenoidal 
lobe.  Tlie  internal  root  passes  inward,  and  joins  tbe  lower  end  of  tbe  gyrus 
fornicatiis. 

These  three  roots  unite  and  fto'm  a  flat  band,  narrower  in  the  middle  than 
at  either  extremity,  and  of  a  somewhat  prismoid  form  on  section.  It  is  soft  in 
texture  and  contains  a  crmsiderable  auuuint  of  gray  matter  in  its  substance.  As  it 
passes  forward  it  is  cniitained  in  a  deep  sulcus,  tbe  olfaetorif  suietfH,  between  two 
crm volutions,  lying  on  the  under  surface  of  the  frontal  lobe,  on  eitber  side  of  the 
Inugitudinal  fissure,  and  is  retained  in  position  by  the  arachnoid  membrane,  which 
covers  it.  Un  reaching  the  cribriform  plate  of  the  t-rhmoid  bone  it  expauils  into 
tbe  olfactory  buJh.  From  the  under  part  of  this  bulb  are  given  off  the  olfactory 
nerves,  which  jmss  throngh  the  cribriform  foramina  and  are  distributed  to  the 
mucous  membrane  of  the  nose.  Each  nerve  is  surrounded  by  a  tubular  prolonga- 
tion from  the  dora  mater  and  pia  mater:  the  former  being  lost  on  the  periosteum 
lining  the  nose;  the  hitter,  in  the  neurilemma  of  the  nerve,  Tbe  nerves,  us  they 
enter  the  nares,  are  divisible  into  three  groups  :  an  inner  group,  larger  than  those 
on  the  outer  wall,  spread  out  over  the  upper  third  of  the  septum  ;  a  middle  set, 
confined  to  the  roof  of  the  nose;  and  an  outer  set,  which  are  distributed  over  the 
superior  and  middle  turbinated  bones  and  the  surface  of  the  ethmoid  in  front 
of  them.  As  the  filaments  descend  they  unite  in  a  plexiform  network,  and  are 
believed  by  most  «djservers  to  terminate  in  the  eelh  of  SehuUze, 

The  olfactory  differ  in  structure  from  other  nerves  in  being  composed  exclu- 
sively of  non-medullated  fibres.  They  are  deficient  in  the  wliite  substance  of 
Schwann,  and  consist  of  axis-cylinders,  with  a  distinct  nucleated  sheath,  in  which 
there  are,  however,  fewer  nuclei  than  in  ordinary  non-medullated  fibres. 
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Fig.  477.— The  laft  optic  nerve  «ud  nptlc 
tracts. 


Surgical  Anatoiny.— In  severe  injuries  tt»  tlie  head  the  olfactory  bulb  may  become  sepa- 
ntfi*<i  from  the  rilfactury  nerves,  thus  pr«:Kiucing  loss  of  the  sense  of  smellinj;:  i.c7»o.wi/V/k  and 
witli  tins  a  corjsideniljlo  luss  in  the  »en^  tjf  (ante,  as  inuf!i  i>f  the  perfect it>ft  of  tlie  sense  uf 
ftaste  is  due  to  the  sapid  substances  beini^  also  odorous  ami  aiTuitltaneuiisly  exciting  the  sense  of 
Dell. 

Second  Nerve  (Fig.  477J, 

The  Second  or  Optic  Nerve,  the  special  nerve  of  the  sense  of  8ight.  is  distributoi 
exclusively  to  the  eyeljalL     The  nerves  of  opposite  sides  are  ct»niiected  together 
at  the  commissure,  and  from  the  hack  of  the 
commissure  they  may  be  traced  to  the  brain, 
under  the  name  of  the  <^pti€  tract 9, 

The  tij^tie  trad,  at  its  connection  with  the 
brain,  h  divided  into  two  bands,  external  and 
i liter naL  The  ejivrmd  arises  from  the  ex- 
ternal geniculate  body  and  frntn  the  under 
part  of  the  pulvinar  of  the  optic  thalamus,  and 
receives  most  of  the  fibres  of  the  brachium  of 
the  superior  corpus  <juadrigeminum.  The  in- 
ferna!  arises  frotu  beneath  the  internal  genic- 
ulate body,  from  which  it  derives  fibres,  and 
joins  with  the  other  band  to  form  the  optic 
tract.  From  this  origin  the  tract  winds  ob- 
lifjuely  across  the  surface  of  the  crust  a  in  the 
form  of  a  llatteued  band,  destitute  of  neuri- 
lemtna  and  attached  to  tlie  crusta  by  its  an- 
tero'Superior  margin.  It  then  assumes  a  cyl- 
indrical form,  and,  as  it  passes  forward,  is 
connected  with  the  tuber  cinereum  and  lam- 
ina cinerea.  It  finally  joins  with  the  tract  of  the  opposite  side  to  form  the  optic 
Cf/mmissure. 

The  commftifdire  or  ehun^ma^  somewhat  quadrilateral  in  form,  rests  upon  the 
optic  groove  of  the  sphenoid  bone,  being  bounded,  above,  by  the  lamina  cinerea; 

behind,  by  the  tuber  cinereum  ;  on  either  side,  by  the 
anterior  perforated  space.  Within  the  commissure  the 
optic  nerves  of  the  two  sides  undergo  a  partial  decus 
sation.  The  fibres  which  form  the  inner  margin  (in- 
ferior comniimure  of  Gudden)  of  each  tract  are  con- 
tinued across  from  one  to  the  other  side  of  the  brain. 
These  may  be  regarded  as  commissural  fibres  (intcr- 
eerebra!)  between  the  internal  geniculate  bodies.  Some 
fibres  are  continued  across  the  anterior  hor<ler  of  the 
chiasma,  and  connect  the  optic  nerves  of  the  two  sides,  having  no  relation  with 
the  optic  tracts.^  They  may  be  regarded  as  commissural  fibres  between  the  two 
retintc  {in(et*'rctiiial  Hbrcff),  The  outer  fibres  of  each  tract  are  continued  into  the 
optic  nerve  of  the  same  side.  The  central  fibres  of  each  tract  are  continued  into 
the  optic  nerve  of  the  opposite  side,  decussating  in  the  commissure  with  similar 
fibres  of  the  opposite  tract.* 

The  optic  nerves  arise  from  the  fore  part  of  the  commissure,  and,  diverging  from 
one  another,  become  rounded  in  form  and  firm  in  texture,  and  are  enclosed  in  a 
sheath  derived  frruu  the  arachnoid.  As  each  nerve  passes  through  the  correspond- 
ing optic  foramen  it  receives  a  sheath  from  the  dura  mater  ;  and  as  it  enters  the 
orbit  this  sheath  subdivides  into  two  layers,  one  of  which  becomes  continuous  with 
the  periosteum  of  the  orbit;  the  other  forms  the  proper  sheath  of  the  nerve  and 

*  The  prest^nce  of  the**e  fibrei^  him  been  doiihted  by  some  olwerversj  but  they  have  been  recently 
asserted  to  exist  by  8tiIUng. 

*  A  Bpecimen  of  congenital  nhsenee  of  the  optic  cominissnre  is  to  be  found  in  the  Museum  of  the 
Westminster  Hospital.     (See  also  Henle,  Nfrvenlehre^  p.  393,  ed.  2.) 
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Fio.  478— CtniTfn*  of  the  fibres 
In  thif  fjiaic  eoinmisburc. 
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Biirrounds  it  as  far  as  the  sclerotic.  The  nerve  passes  through  the  cavity  of  the 
orbitj  pierces  the  sclerotic  and  choroid  coats  at  the  back  part  of  the  eyeball,  a  little 
to  the  nasal  side  of  its  centre,  and  expands  intn  the  retina.  Arnold  describes  a 
connniiiiieatiftn  between  the  optic  nerve  in  the  orbit  and  the  ascending  branches 
of  MeckeFs  ganglion,  A  small  artery,  the  arteria  centralis  reiince^  perforates  the 
optic  nerve  a  little  behind  the  globe,  and  runs  along  its  interior  in  a  tubular  canal 
of  fibrous  tissue.  It  supplies  the  inner  surface  of  the  retina,  and  is  accompanied 
by  corresponding  veins. 

Surgical  Anatomy. — The  optic  nerve  is  peculiarly  liable  to  become  the  seat  of  neuritis  or 
underjtji>  iitrupliy  in  affections  of  the  central  nervous  system,  and,  as  a  rule,  ihe  pathological 
relationship  between  the  two  aff«-'tion8  is  exceedingly  difficult  to  trace.  There  are,  howeveri 
certain  points  in  connection  with  the  iiuatomy  of  this  nerve  which  tend  to  throw  li^ht  upon  the 
frt'Quent  association  of  these  affections  with  intracranial  disease:  (1)  From  its  mode  of 
development  (see  pai^e  123)  and  from  its  structure  the  optic  nerve  must  be  regarded  t\sii  prolonga- 
tion ot  the  braiu-iiubstance,  rather  than  as  an  onlinary  cerebro-spinal  nerve.  (2)  As  it  passes 
frum  the  brain  it  rcv^eives  sheaths  frrjm  the  three  cerel>ral  membranes — a  perineunil  sheath  from 
the  pia  mater,  an  jntennediate  sheath  tmm  the  arachnoid,  and  an  outer  sheath  from  the  dura 
mater,  which  is  also  connected  with  the  periosteum  as  it  passes  through  the  optic  tbnimen. 
These  sheaths  are  separated  from  each  other  by  spaces  which  communicate  with  the  subdural  and 
Buharachnoid  spaces  respectively.  The  innermost  or  perineural  fsheath  sends  a  pnx^ess  around 
the  arteria  centralis  retinfc  into  the  ijtterior  of"  the  uerTc,  and  enters  intimately  into  the  sfruc- 
tnre  of  the  nerve.  Thus  inflammatory  aflfections  of  the  meninges  or  of  the  brain  may  readily 
extend  themselves  along  these  spaces  or  along  the  interstitial  <'.onnective  tissue  in  the  nerve. 

The  course  of  the  fibres  in  the  optic  commissure  has  an  important  pathological  i:>caring,  and 
hjts  been  the  subject  of  much  controversy.  Microst^opic  examination,  experiments,  and  pathology 
all  seem  to  point  to  the  fact  that  there  is  a  partial  decussation  of  the  fibres,  each  tnict  supplying 
the  corresponding  half  of  each  eye,  so  that  the  right  tract  supplies  the  right  half  of  each  eje, 
auil  the  left  tract  the  left  half  of  each  eye.  At  the  same  time,  Charcot  believes— and  his  view 
has  uiei  with  general  acceptation— tliat  the  fibres  which  do  not  decussate  at  the  optic  t^ommis- 
sure  have  already  dccu&sated  in  the  corpora  qnadrigemina,  so  that  tesion  of  the  cerebral  centre 
of  one  side  causes  complete  hlinduess  of  tlie  opiwsite  eye,  because  botli  sets  of  decussating  fibres 
are  destroyed.  Whereas  should  one  tract— si*y  the  right — be  destroyed  by  diseadCi  there  will  be 
blindness  of  the  right  half  of  biitb  retinaei» 

An  an tero- posterior  section  through  the  commissure  would  divide  the  decussating  fibres, 
and  would  tht^retbrc  produce  blindness  of  the  inner  half  of  each  eye ;  while  a  section  at  the 
margin  of  the  side  of  the  optie  commissure  would  produce  blindness  of  the  external  half  of  the 
retina  of  the  sjime  side. 

The  optic  nerve  may  also  be  affected  in  injuries  or  diseases  involving  the  orbit,  in  fractures 
of  the  anterior  fossa  of  the  base  of  the  skull,  in  tumors  of  the  orbit  itself,  or  those  invading  this 
cavity  from  ueigh boring  parti*. 

Third  Nerve  (Figs.  384,  479,  480,  481,  486). 

The  Tliird  or  Motor  OcuU  Nerve  supplies  all  the  muscles  of  the  orbit,  except 
the  Superior  obliijue  and  External  rectus;  it  also  sends  motor  filaments  to  the  iris 
and  the  ciliary  miiSLde.  It  is  a  rather  large  nerve,  of  rounded  form  inid  firm 
texture.  Its  apparent  origin  is  from  the  inner  surface  of  the  crus  cerebri, 
immediately  in  front  of  the  pons  Varolii. 

The  deep  f*ritjhi  may  be  traeed  througi)  the  locus  niger  and  tegmentum  of  the 
crus  to  a  nucleus  situated  on  either  side  of  the  metlian  line  beneath  the  floor  of 
the  aijueduct  of  Sylvius.  On  emerging  from  the  brain  the  nerve  h  invested  with 
11  sheath  of  pia  mater,  an<l  enclosed  in  a  prolougfitiou  from  the  arachnoid.  It 
then  jiierces  the  dura  mater  In  front  of  and  external  to  the  posterior  clinoid  pro- 
cess, passing  between  the  two  processes  from  the  free  aud  attached  bonlers  of  the 
tentorium,  which  are  prolonged  forward  to  be  connected  with  the  anterior  and 
posterior  clinoid  processes  of  the  sphenoid  bone.  It  passes  along  the  outer  wall 
of  the  cavernous  sinus,  above  the  other  orbital  nerves,  receiving  in  its  course  one 
or  two  lilameuts  from  the  cavernous  plexus  of  the  sympathetic  and  from  the  o|ib- 
tbalmic  division  of  the  fifth  nerve.  It  then  divides  into  two  brunches,  which 
enter  the  orbit  through  the  sphenoidal  fissure  between  the  two  heads  of  the 
External  rectus  muscle.  On  ]»assing  through  the  fissure  the  nerve  is  placed  below 
the  fourth  and  the  frontal  and  Uichrymal  branches  of  the  ophthalmic  nerve,  and 
has  paasing  between  its  two  divisions  the  nasal  nerve 
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The  superior  dirmon^  tlie  smaller,  passes  inward  over  the  optic  nerve,  and 
suppliea  the  Superior  rectus  and  Levator  pulpebnv.  It  occasionally  communi- 
cates with  the  ganglionic  branch  of  the  luiml  nervf. 

The  inferufr  £;ffr«>w?*,  the  larger,  divides  into  three  branches.  One  parses 
beneath  tlie  optic  nerve  to  the  Internal  rectus;  another,  to  the  Inferior  rectus; 
and  the  third,  the  largest  of  the  three,  passes  forward  between  the  Inferior  and 
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Fig.  479.— Nerveft  of  the  orWt. 
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External  recti  to  the  luferjor  oblique.     From  this  hitter  a  short,  thick  hrancll  ii 
given  off  to  the  lower  part  of  tbe  lenticular  ganglion,  which  forms  its  infepiorl 
root.     It  also  gives  off  one  or  two  filaments  to  the  Inferior  rectus.     All  these 
branches  enter  the  muscles  on  their  ocular  surface,  except  that  to  the  Inft-rior 
obli«[ue,  which  enters  its  posterior  border. 

Surgical  Anatomy.— Paralysis  of  the  third  nerve  may  be  the  result  of  many  causes :  as| 
ccrehnd  dii<ease;  eoiiditioaa  eausiiig  pressure  un  the  eaveruoua  sinus;  periostitis  of  the  bone 
entering  intti  the  formation  of  the  sphenoidal  fissure.     It  results,  when  eompletej  in  (I)  plofliiL] 
or  drtjopiug  of  the  upper  eyelid^  m  eonseqncjiee  of  tlie  Levator  palpebnB  being  paralyzed  ;  {2) 
ext4?rriaj  stmhiBmus,  on  account  of  the  unoppysed  action  of  the  External  re<:tu9  miiBele,  which 
is  not  supplied  by  the  third  nervt^  and  is  not  therefore  pandyze^l ;  {3}  dilatation  of  the  pupil^ 
ht'cause  the  sphincter  fibres  of  tlie  iris  are  paralyzed  ;  (4/  loss  of  power  of  aeeommodalion,  aa 
the  sphini'ter  pujjilla^  the  eiliary  muffle,  and  ihe  Internal  rectus  are  paralyzed  ;    (5)  slight 
pp:)UMnence  of  the  eyehall,  tVom  the  cuhj pressing  action  of  tlie  Superior  oblique,  which  is  not 

Caralyzed.    Oeeasionally  Daralysis  may  affect  only  a  part  of  the  nerve ;  that  is  to  say,  there  may 
e^  (or  example,  a  dikted   and  fixed  jiuoil,  with  ptosis,  hut  no  other  signs.     Irritation  of  ibe^ 
nerve  cause;?  spasm  of  one  or  tithe  r  of  the  ujuscles  supplied  by  it ;  thus,  there  may  be  internal  I 
strabismus  from  spasm  of  the  Internal  rectus;  accummudation  for  near  oojects  onlv  from  spiism 
of  the  ciliary  muscle,  or  myosia,  contraction  of^  the  pupil,  ti'om  irritation  of  the  splitncter  of  the 
pupil. 
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Fourth  Nerve  (Figs.  384,  479,  480). 

The  Pourtli  or  Trochlear  Nerve  {pathetie)^  tlie  suiallest  of  the  cranial  nerves, 
supplies  the  Superior  obii«jue  muacle.  Its  apparent  origin  is  behind  the  corpora 
(iua<lrigemina,  frf>oi  the  valve  of  Vieussens.  in  the  upper  surface  of  which  the 
two  nerves  decussate.  Its  deep  orifjift  uiav  he  traced  to  the  nucleus  in  the  floor 
of  the  atjueduct  of  Sylvius  immediately  below  that  of  the  third  ocrve,  with  which 
it  is  continuous.     After  emergence  from  the  surface  of  the  valve  of  Vieussens, 
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Motttr  neuli,    ,<fNp 


cTus  suPEmon. 
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ikifehior. 


Fig.  480,— Plan  of  ihts  molar  txruli  nervu.    (After  Flower,) 

the  nerve  winds  across  the  superior  fjethmcle  of  the  eercl^ellum  and  round  the 
crusta  of  the  mid-brMin,  immediately  above  the  pons  Varolii,  pierces  the  dura 
mater  in  the  free  border  of  the  tentorium  cerebcUi  jui?t  behind,  and  external 
to,  the  posterior  clinoid  process,  and  passes  forward  in  the  outer  wall  of  the  cav- 
ernous sinus,  between  tbe  third  nerve  and  the  opbtluilmic  division  of  the  fifth. 
It  then  crosses  tbe  third  nerve,  and  enters  the  orbit  tbrou*;h  the  sphenoitlal  fissure. 
It  now  lies  at  the  inner  extremity  of  tbe  fissure  internal  to  the  frontal  nerve.  In 
tbe  orbit  it  passes  inward  above  the  origin  of  tlie  Levator  palpebrte,  and  finally 
enters  the  orhital  surface  of  tbe  Superior  oblji^ue  nmscle. 

In  the  outer  wall  of  the  cavernous  sinus  this  nerve  receives  some  filaments 
from  the  ophthahuie  division  of  tbe  (ifth  as  well  iis  from  the  cavernous  plexus  of 
the  syrapathetie,  and  gives  off  a  recurrent  brancb.  which  passes  back  ward  between 
the  layers  of  tbe  tentoriumt  divi<lin^  into  two  or  tbree  filaments  which  may  be 
traced  as  far  hack  as  tbe  wall  of  the  lateral  sinus.  In  the  sphenoitlal  fissure 
it  occasionally  gives  off  a  brancb  to  assist  in  the  formation  of  the  lachrymal 
nerve. 

Surgical  Anatomy. — ^The  foarth  uerve  when  |mnilyzed  cjiuses  loss  of  fuuction  in  the 
Superior  ulilique,  m  that  the  patient  is  unable  to  turn  his  eye  downward  and  outwanl.  Slmald 
the  patient  attempt  to  do  this,  the  eyo  ua  the  affected  side  is  twisted  inwiird,  prodaeing  diplopia 
or  double  vision.  Aicurdiiiirly,  it  la  said  ibat  the  first  symptom  of  this  disease  whicli  nresents 
it^df  is  ffiddiaesrf  when  iroiajr  down  hill  or  in  deseeadin^  stairs,  owing  to  tbe  double  vision 
iuduced  by  the  patient  looking  iit  his  stops  while  dest'enuiiig. 


Fifth  Nerve. 

The  Fifth  or  Trifacial  Nerve  itrigeminun)  is  the  larja^est  cranial  nerve.     It 

resembles  a  spinal  nerve  (1)  in  arising  by  two  nH>ts ;  (2)  in  having  a  ganglion 
developed  on  its  posterior  root ;  and  (3)  in  its  function,  since  it  is  a  compound 
nerve.  It  is  tbe  great  sensory  nerve  ot  tbe  head  anil  face  and  the  motor  nerve 
of  the  muscles  of  mastication.     Its  upper  two  divisions  are  entirely  sensory;   the 
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third  division  is  partly  sensory  and  partly  motor.  It  arises  by  two  roots:  of  these 
the  anterior  is  the  smaller,  and  is  the  motor  root ;  the  posterior*  the  larger  and 
sensory*  Its  %i(perJtcM  origin  is  from  the  side  of  the  pons  Varolii,  nearer  to  the 
upper  than  the  lower  border.  The  smaller  root  consists  of  three  or  fwir  bundles; 
the  larger  root  consists  of  numerous  bundles  of  fibres*  varying  in  number  from 
seventy  to  a  hundred.  The  two  roots  are  separated  from  one  another  by  a  few  of 
the  transverse  fibres  of  the  pons.  The  deep  origin  of  the  larger  or  sensory  root 
is  from  a  nucleus  in  the  pons,  just  below  the  floor  and  just  internal  to  the  mar- 
gin of  the  upper  half  of  the  fourth  ventricle.  The  deep  origin  of  the  smaller  or 
motor  root  is  from  a  nucleus  internal  to  the  sensory  root,  and  just  external  to  the 
fasciculus  teres  on  the  upper  half  of  the  floor  of  the  fourth  ventricle.  The  two 
roots  of  the  nerve  pass  forward  through  an  oval  opening  {vavum  Meckelit)  in  the 
dura  mater,  on  the  superior  border  of  the  petrous  portion  of  the  temporal  bone, 
above  the  internal  auditory  meatus :  they  then  run  between  the  bone  and  the 
dura  mater  to  the  apex  of  the  petrous  portion  of  the  temporal  hone,  where  the 
fibres  of  the  sensory  root  form  a  large,  semilunar  ganglion  {Gamerian\  while  the 
motor  root  passes  beneath  the  ganglion  without  having  any  connection  with  it, 
and  joins  outside  the  cranium  with  one  of  the  trunks  derived  from  it. 

The  Qasserian  or  semilunar  ganglion  *  is  lodged  in  a  depression  near  the  apex 
of  the  petrous  portion  of  the  temporal  bone.  It  is  of  somewhat  crescentic  form, 
with  its  convexity  turned  forward.  Its  upper  surface  is  intimately  adherent  to 
the  dura  mater.  Besides  the  small  or  motor  root,  the  large  superficial  petrosal 
nerve  lies  underneath  the  ganglion. 

Branches  of  Communication. — ^This  ganglion  receives,  on  its  inner  sidcj  fila- 
ments from  the  carotid  plexus  of  the  sympathetic.  Branches  of  Distribution. — It 
gives  off  minute  branches  to  the  tentorium  cerebelli  and  the  dura  mater  in  the 
middle  iossa  oi  cue  cranium.  From  its  anterior  border^  which  is  directed  forward 
and  outward,  three  large  branches  proceed — the  ophthalmic,  superior  maTillan/^ 
and  inferior  maxUlartf,  The  ophthalmic  and  superior  maxillary  consist  exclu- 
sively of  fibres  derived  from  the  larger  root  and  ganglion,  and  are  solely  nerves 
of  common  sensation.  The  third  division,  or  inferior  maxillary,  is  joined  outside 
the  cranium  by  the  motor  root.  This,  therefore,  strictly  speaking,  is  the  only 
portion  of  the  fifth  nerve  which  can  be  said  to  resemble  a  spinal  nerve. 

Ophthalmic  Nerve  (Figs.  384,  479,  481,  482,  486). 

The  Ophthalmic,  or  first  division  of  the  fifth,  is  a  sensory  nerve.  It  supplien 
the  eyeball,  the  lachrymal  gland,  the  mucous  lining  of  the  eye  and  nasal  fossse, 
and  the  integument  of  the  eyebrow,  forehead,  and  nose.  It  is  the  smallest  of 
the  three  divisions  of  the  fifth,  arising  from  the  upper  part  of  the  Gasserian 
ganglion.  It  is  a  short,  flattened  band,  about  an  inch  in  length,  which  passes 
forward  along  the  outer  wall  of  the  cavernous  sinus,  below  the  other  nerves,  and 
jtist  before  entering  the  orbit,  through  the  sphenoidal  fissure,  divides  into  three 
hviLncheS'^lachrrfmal^  frontal^  and  nasaL 

Branches  of  Vommuni cation. — ^The  ophthalmic  nerve  is  joined  by  filaments 
from  the  cavernous  plexus  of  the  s\^npalhetic,  communicates  with  the  third  and 
sixth  nerves,  and  is  not  unfre(|uently  joined  with  the  fourth. 

Branches  of  Distribiition. — It  gives  off  recurrent  filaments  (nervi  tentorii) 
which  pass  between  the  layers  of  the  tentorium  along  with  a  branch  from  the 
fourth  nerve,  and  then  divides  into 
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*  A  Viennese  anatomist.  Raliinmd  BalthoRar  Hirsch  n7^'>)j  was  the  first  who  r(>cogniEed  the 
gani^iionic  nature  of  the  swullinia:  on  ihe  ftensory  mot  of  the  fifth  nerve,  and  called  it,  in  honor  of  his 
otherwise  itiiknown  teaciier,  Jon*   Laur,  Gasser,  the  "Gunglion  Gasseri,"     Joliiisi  Casseriiis,  whose 
name  is  given  to  the  niiisculo-cutaneoofi  nerve  of  the  arm,  was  professor  at  Pjidua,  154d''1606.     (See  ! 
H\  rth  Lehrbuth  der  Amiiomie^  p,  81*5  and  p*  55.) 
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The  Lacliryiiial  is  the  sraalleat  of  the  three  branches  of  the  ophthalmic.  Not 
unfrei|iiently  it  arises  bv  two  filariients,  one  from  the  ophthalmic,  the  other  from 
the  fourth.     It  passes  forward  in   a  separate  tube  of  dura  mater  and  enters  the 
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Fio.  4S1,— Neirea  of  the  orbit  and  ophlhul  mfc  KAng^llon.    Side  view. 

orbit  through  the  narrowest  part  of  the  sphenoidal  fissure.  In  the  orbit  it  runs 
along  the  upper  border  of  the  External  rectus  muscle  with  the  lachrymal  artery, 
and  sends  off  a  recurrent  braneii  which  joins  the  orbital  branch  of  the  superior 
maxillary  nerve,  and  occasionally  takes  tlie  place  of  the  tem|ioral  branch  of  this 
nerve,  which  is  then  absent*  Within  the  lachrymal  gland  it  gives  off  several 
filaments,  which  supply  the  gland  and  the  conjunctiva.  Finally,  it  pierces  the 
tarsal  ligaments,  and  terminates  in  the  integument  of  the  upper  eyelid,  joining 
with  filaments  of  the  facial  nerve. 

The  Frontal  is  the  largest  division  of  the  ophthalmic,  and  may  be  regarded, 
both  from  ils  size  and  direction,  as  the  cuntinuatiou  of  the  nerve.  It  enters  the 
orbit  above  the  muscles  through  the  highest  and  broadest  part  of  the  sphenoidal 
fissure,  and  runs  forward  along  the  middle  line,  between  the  Levator  palpebne 
and  the  periosteum.  Midway  between  the  apex  and  base  of  the  orbit  it  divides 
into  tw*o  branches,  supratruchlear  and  supra-orbituL 

The  mtpratroehlear  bninr/i,  tlie  smaller  i»f  the  two,  passes  inward  above  the 
polley  of  the  Sufierior  obi ii pie  niusele,  and  gives  off  a  descending  filament,  which 
joins  with  the  infra  trochlear  branch  of  the  nasal  nerve.  It  then  escaf)cs  from  the 
orbit  between  the  pulley  r^f  the  Superior  obliipie  and  the  supra-orbital  foramen, 
curves  up  on  to  the  forehead  close  to  the  bone,  and  ascends  beneath  the  Corrugator 
supercilii  andOccipito-frontalis  muscles,  and  supplies  the  integument  of  the  lower 
part  of  the  forehead  on  either  side  of  the  middle  line. 

The  supTft'OrNtftl  hntnch  passes  forward  through  the  supra-orbital  foramen, 
and  gives  off,  in  this  situation,  palpebral  filaments  to  the  upper  eyelid.  It  then 
ascends  upon  the  forehead,  and  terminates  in  cutaneous  and  pericranial  branches. 
The  cutaneous  bntnehes^  two  in  nuinber,  an  inner  and  an  outer,  supply  the 
integument  of  the  crauiutn  as  far  back  as  the  occiput.  They  are  at  first  situated 
beneath  the  ()ccipito-fr<iiUalis,  the  inner  branch  perforating  the  frontal  portion  of 
the  muscle,  the  outer  branch  its  tendinous  aponeurosis.  The  pt'rieranial  brmiehes 
are  distributed  to  the  pericranium  over  the  frontal  and  parietal  bones, 

The  Nasal  nerve  is  inteiinediate  in  sixe  between  the  frontal  and  lachrymal,  and 
more  deejdy  placed  than  the  other  branches  of  the  ophthalmic.     It  enters  the  orbit 
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between  the  two  heads  of  the  External  rectes,  and  between  the  two  divisions  of 
the  third  nerve,  and  passes  oblliiuely  inward  across  the  optic  nerve,  beneath  the 
Superior  oblique  and  Superior  rectus  muscles,  to  the  inner  wall  of  the  orbit, 
where  it  enters  the  anterior  ethmoidal  foniinen.  It  then  enters  the  eavitv  of  the 
cranium,  traverses  a  shallow  groove  on  the  cribriform  plate  of  the  ethmoid  bune, 
and  passes  down,  through  the  slit  bj  the  side  of  the  crista  galli,  into  the  nose, 
where  it  gives  off  two  branches,  an  internal  and  an  external.  The  internal 
branch  supplies  the  mucous  membnme  near  the  fore  part  of  the  septum  of  the 
nose.  The  eTterntil  brmteh  supplies  a  few  filaments  to  the  mucous  membrane 
covering  the  fore  part  of  the  outer  wall  of  the  nares  as  far  as  the  inferior  spongy 
bone.  The  nerve  then  descends  in  a  groove  on  the  back  of  the  nasal  bone  and 
leaves  the  cavity  of  the  nose,  between  the  lower  border  of  the  nasal  hone  ami  the 
upper  lateral  cartilage  of  the  nose,  and.  passing  down  beneath  the  Compressor 
nasi,  supplies  the  integument  of  the  ala  and  the  tip  of  the  nose,  joining  with  the 
facial  nerve. 

The  branches  of  the  nasal  nerve  are  the  gajiglionic^  ciliary^  and  infratroeh' 
har. 

The  ffangUonw  is  a  slender  branch,  about  half  an  inch  in  length,  which  usually 
arises  from  the  nasal,  between  the  two  heads  of  the  External  rectus.  It  passes 
forward  on  the  outer  side  of  the  optic  nerve,  and  enters  the  superior  and  posterior 
angle  of  the  ciliary  ganglion,  forming  its  superior  or  long  root.  It  is  sometimes 
joined  by  a  filament  from  the  cavernous  plexus  of  the  sympathetic  or  from  the 
superior  division  of  the  third  nerve. 

The  long  ciliary  }iert*e9^  two  or  three  in  number,  are  given  off  from  the  nasal 
as  it  crosses  the  optic  nerve.  They  join  the  short  ciliary  nerves  from  the  ciliary 
ganglion,  pierce  the  posterior  part  of  the  sclerotic,  and,  running  forward  between 
it  and  the  choroid,  are  distributed  to  the  ciliary  muscles,  iris,  and  cornea. 

The  infratrochlear  hranch  is  given  off  just  before  the  nasal  nerve  parses 
through  the  anterior  ethmoidal  foramen.  It  runs  forward  along  the  upper  border 
of  the  Internal  rectus,  and  is  joined,  beneath  the  pulley  of  the  Superior  oblique, 
by  a  filament  from  the  supratrochlear  nerve.  It  then  passes  to  the  inner  angle 
of  the  eye,  and  supplies  the  integument  of  the  eyelids  and  side  of  the  nose,  the 
conjunctiva,  lachrymal  sac,  and  caruncula  lachrymalis. 

Ophthalmic  Ganglion  (Figs.  481,  482), 

Connected  with  the  three  divisions  of  the  fifth  nerve  are  four  small  ganglia. 
With  the  first  division  is  connected  the  ophihahnic  ganglion  ;  with  the  second 
division,  the  spheno-palafine  or  Meckel's  ganglion  ;  and  with  the  third,  the  ode 
and  HulmtaTillarg  ganglia.  All  the  four  receive  sensory  filaments  from  the  fifth, 
ami  motor  and  sympathetic  filaments  from  various  sources  ;  these  filaments  are 
called  the  nrntu  of  the  ganglifx. 

The  Ophthalmic,  Lenticular,  or  Ciliary  Ganglion  is  a  small,  quadrangular, 
flattened  ganglion,  of  a  reddish -gray  color,  and  about  the  size  of  a  pin's  head, 
situated  at  the  back  part  of  the  orbit  between  the  optic  nerve  and  the  External 
rectus  muscle,  lying  generally  on  the  outer  side  of  the  ophthalmic  artery.  It  is 
enclosed  in  a  quantity  of  loose  fat,  which  makes  its  dissection  somewhat  difficult. 

Its  branches  of  communication,  or  root»,  are  three,  all  of  which  enter  its 
posterior  border.  One,  the  long  or  sensory  root,  is  derived  from  the  nasal  branch 
of  the  ophthalmic  and  joins  its  superior  angle.  The  second,  the  short  or  motor 
root,  is  a  short,  thick  nerve,  occasionally  divided  into  tvro  parts,  which  is  derived 
from  the  branch  of  the  third  nerve  to  the  Inferior  oblique  muscle,  and  is  connected 
with  the  inferior  angle  of  the  ganglion.  The  third,  the  sympatlietic  root,  is  a 
slender  filament  from  the  cavernous  plexus  of  the  sympathetic.  This  is  frequently 
blended  with  the  long  root,  thoijtgh  it  sometimes  passes  to  the  ganglion  separately. 
According  to  Ticdemann,  this  ganglion  receives  a  filament  of  communication  from 
the  spheno-palatine  ganglion. 


Fio.  482,— PlAti  of  the  fifth  cranial  nerv*;.    (Afl*?r  Flowtrj 

Its  branches  of  dutnlmtton  are  the  short  ciliary  nerves.     These  are  delicate 
filameDts,  from  six  to  ten  in  number,  which  arise  from  the  fore  part  of  the  ganglion 
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in  two  bundles,  coonected  with  its  superior  and  inferior  angles;  the  lower  bundle 
is  the  larger.  They  run  forward  with  the  ciliary  arteries  in  a  wavy  course,  one 
set  above  and  the  other  below  the  optic  nerve,  and  are  joined  bj  the  long  ciliary 
nerves  from  the  nasal.  They  pierce  the  sclerotic  at  the  back  part  of  the  globe,  pat^s  ' 
forward  in  delicate  grooves  on  its  inner  surface,  and  are  distributed  to  the  ciliary 
rauscle,  iris,  and  cornea,  Tiedemaiin  has  described  one  small  branch  as  penetrating 
the  optic  nerve  with  the  arteria  centralis  retinae- 
Superior  Maxillary  Nerve  (Fig.  483). 

The  Suparior  Maxillary,  or  second  division  of  the  fiftht  is  a  sensory  nerve.  It 
is  intermediate,  both  in  position  and  sixe,  between  the  ophthalmic  and  inferior 
maxillary.  It  commences  at  the  middle  of  the  Gasserian  ganglion  as  a  flattened 
plexiform  band,  and  passes  forward  through  the  foramen  rotundum,  where  it 
becomes  more  cylindrical  in  form  and  firmer  in  texture.  It  then  crosses  the 
spheno-maxillary  fossa,  enters  the  orbit  through  the  spheno-maxillary  fissure, 
traverses  the  infra-orbital  canal  in  the  floor  of  the  orbit,  and  appears  upon  the  face 
at  the  infra-orbital  foramen.*  At  its  tei'mination  the  nerve  lies  beneath  the 
Levator  labii  superioris  muscle,  and  divides  into  a  leash  of  branches,  which  spread 
out  upon  the  side  of  the  nose,  the  lower  eyelid,  and  upper  lip,  joining  with  tilamenta 
of  the  facial  nerve. 

BraneheH  of  Dkiribiition, — The  branches  of  this  nerve  may  be  divided  into  four 
groups  :  1.  Those  given  ofl*  in  the  cranium.  2.  Those  given  off  in  the  spheno- 
maxillary fossa.     S.  Those  in  the  infra-orbital  canal.     4.  Those  on  the  face. 


In  the  cranium     .    .    . 
Spheno-maxillary  fossa 

Infra-orbital  canal 


On  the  face 


Meningeal* 
(  Orbital  or  temporo-malar. 
<     Spheno-palatine. 
(  Posterior  superior  den  tab 
f    Middle  superior  dentaL 
\   Anterior  superior  dentaL 
(  Palpebral, 
'    Nasal. 
(   Labial 

The  meningeal  branch  is  given  off  directly  after  its  origin  from  the  Gasserian 
ganglion,  and  supplies  the  dura  mater,  communicating  with  a  meningeal  branch 
from  the  inferior  maxillary  nt?rve. 

The  orbital  or  temper o -malar  brancli  arises  in  the  spheno-maxillary  fossa^ 
enters  the  orbit  by  the  spheno-maxillary  fissure,  and  divides  at  the  back  of  that 
cavity  into  two  branches,   temporal  and  malar. 

The  temporal  branch  runs  in  a  groove  along  the  outer  wall  of  the  orbit  (in  the 
malar  bone),  receives  a  branch  of  communication  from  the  lachrymal,  and, 
passing  through  a  foramen  in  the  malar  bone,  enters  the  temporal  fossa.  It 
ascends  between  the  bone  and  substance  of  the  Temjioral  muscle,  piierces  this 
muscle  and  the  temporal  fascia  about  an  inch  above  the  zygoma,  and  is  distributed 
to  the  integument  covering  the  temple  and  side  «>f  the  forehead,  communicating 
with  the  facial  and  auriculo-tcmporal  branch  of  the  inferior  maxillary  nerve.  As 
it  pierces  the  temporal  fiuscia  it  gives  off  a  sleniler  twig,  which  runs  between  the 
two  layers  of  the  fascia  to  the  outer  angle  of  the  orbit 

The  malar  hranek  passes  along  the  external  inferior  angle  of  the  orbit,  emerges 
upon  the  face  through  a  foramen  in  the  malar  bone,  and,  perforating  the  Orbicu- 
laris palpebrarum  muscle,  supjdies  the  skin  on  the  prominence  of  the  cheek,  and 
is  named  saficuiamHS  makv.  It  joins  with  the  facial  and  the  palpebral  branches 
of  the  8uperii»r  maxillary. 

The  spheno-palatine  branches,  two  in  number,  descend  to  the  spheno-palatine 
ganglion. 


After  it  enters  the  infra-orbital  canal,  the  aerve  is  freqweatly  called  the  infm-orbtim. 
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but  Bometiines  arise  by  a  single  trunk,  iiud  immediately  divide  and  pass  downward 
on  the  tuberosity  of  the  siqierior  maxillary  b<vne.  They  give  off'  several  twigs  to 
the  gums  and  neighboring  parts  of  the  mucous  membrane  of  the  cbeek  (ifupenor 
gingivai  branehen).  They  then  enter  the  posterior  dentiil  canals  on  the  zygomatic 
surface  of  the  superior  maxillary  b(me,  and,  passing  from  behind  forward  in  the 
substance  of  the  bone,  communicate  with  the  middle  dental  nerve,  and  give  off 
branches  to  the  lining  membrane  tif  the  antrum  and  three  twigs  to  each  of  the 
molar  teeth.  These  twigs  enter  the  foramina  at  the  ii|iice9  of  the  fangs  and 
supply  the  pulp. 

The  middle  superior  dental  brancli  is  given  off  from  the  8U]>erior  maxillary  nerve 
in  the  back  part  of  the  infra-orbital  canal,  and  runs  downward  and  forward  in  a 
special  canal  in  the  outer  wall  of  the  antrum  to  sup|>ly  the  two  bicuspid  teetb.  It 
communicates  with  the  posterior  and  anterior  dental  branches.  At  its  point  uf 
Communication  w^itb  the  posterior  branch  is  a  slight  thickening  which  has  received 
the  name  of  the  giinqlion  of  Vu  lent  in  ;  and  at  its  point  of  communication  with  the 
anterior  branch  is  a  second  enlargement,  which  is  called  the  ganglion  of  Bochdalek. 
Neither  of  these  is  probably  a  true  <^angHon, 

The  aiit>erior  superior  dental  branch,  of  large  size,  is  given  off  from  the  supe- 
rior maxillMry  nerve  just  hefftre  its  exit  from  tLe  infra-orbital  foramen;  it  enters  a 
special  cimal  in  the  anterior  wall  of  the  antrum,  and,  coursing  from  before  back- 
ward, iliviiles  into  a  scries  of  branches  which  supply  the  incisor  and  canine  teeth. 
It  communicates  with  the  mirhJle  dental  branch^  and  gives  off  a  miml  branchy  which 
passes  through  a  minute  canal  into  the  nasal  fossa,  and  supplies  the  mucous  mem- 


Fio.  48^1.— The  spheno-palfttine  g^anglUm  and  Ua  bmiichee. 

The  palpebral  brandies  pass  upward  beoeatb  the  tlrbicMilaris  palpebrarum* 
They  stip|>iy  the  integument  and  conjunetiva  uf  the  lower  eyelid  with  sensation, 
joining  at  the  outer  angle  of  the  orbit  with  the  facial  nerve  and  malar  branch  of 
the  orbital. 

The  nasal  branches  pass  inward;  they  supply  the  integument  of  the  side  of 
the  nose  and  ynn  with  the  nasal  branch  of  the  ophthalmic. 

The  labial  branches,  the  largest  and  most  numeroui*,  descend  beneath  the 
Levator  labii  superioris,  and  are  distributed  to  tbe  integument  of  the  upper  lip, 
the  mucctus  membrane  of  the  mouth,  and  labial  glanfls. 

All  these  brunches  are  joined,  immediately  beneiith  the  orbit,  by  filaments  from 
the  facial  nerve,  forming  an  intricate  plexus,  the  infra-orbit  a  L 

Spheno-palatme  OangHon  (Fig.  484). 

The  spbeno- palatine  ganglion  (JleckeF^X  tbe  largest  of  the  cranial  ganglia,  is 
deeply  placet  I  in  I  be  sphcno-maxillary  fossa,  close  to  the  apheno-palatjne  foramen. 
It  is  triangular  or  heart-shaped,  of  a  reddish -gray  color,  and  is  situated  just  below 
the  superior  maxillary  nerve  as  it  crosses  tbe  fossa. 

Its  Branrkes  of  Vommunivatitm. — Like  the  other  ganglia  of  the  fifth  nerve,  it 
possesses  a  motor,  a  sensory,  and  a  sympatlietic  root.  Its  m'nmrt/  root  is  derived 
from  the  superior  maxillary  nerve  I h rough  its  tivo  s])heno-palatine  branches.  These 
liranches  of  ihe  nerve,  given  off  in  the  spheno-maxillary  fossa,  descend  to  the 
ganglion.  Their  fibres,  for  tbe  most  part,  pass  in  front  of  the  ganglion,  as  they 
proceed  to  their  destination,  in  the  palate  and  nasal  fossa,  and  are  not  incorporated 
in  the  ganglionic  mass ;  some  tew  of  the  fibres,  however,  enter  the  ganglion, 
constituting  its  sensory  root.  Its  motor  root  is  derived  from  the  facial  nerve 
through  tlie  large  superficial  petrosal  nerve,  and  its  st/m pathetic  root  from  the 
carotid  plexus,  through  the  largo  deep  petrosal  nerve.  These  two  nervcsjoin  together 
to  form  a  single  nerve,  the  Vidian^  before  their  entrance  into  the  ganglion. 
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The  lanye  superficial  petrosal  branch  {nej^vus  petrosus  superjirialis  major)  is 
given  off  from  the  intiitneseentia  ganglioformis  in  the  aqiieductiis  Fallopii ;  it 
passes  through  tbe  hiatu.s  Fallopii ;  enters  the  cranial  cavity,  and  rons  forward 
contained  in  a  groove  on  tlie  anterior  surface  of  the  jietrous  portion  of  the 
temporal  bone,  lying  beneath  the  dura  mater  and  the  Gasseriim  ganglion.  It 
then  enters  the  fibrous  sybstance  which  fills  in  the  foramen  lacerimi  medium  basis 
cranii,  anih  joining  with  t!ie  large  deep  petrosal  hranch,  forma  the  Vidian  nerve. 

I'he  IfUye  *h'Cf^  petrttml  branch  (jiervuB  ptitroauH  profuitdiig)  h  given  off  from 
the  carotid  |ilexu.<«,  and  run^  throngh  the  carotid  canal  on  the  outer  side  of  the 
internal  carotiil  artery.  It  then  enter,^  the  fibrous  substance  which  fills  in  the 
foramen  lacerum  medium,  and  joins  with  the  large  superficial  petrosal  nerve  to 
form  the  Vidian* 

The  l"idi'an  7iervt\  thus  formed,  passes  forward  through  the  Vidian  canal 
with  the  arterv  of  the  some  name,  receives  the  spkeimdai  filament  from  the  otic 
ganglion,  and,  entering  tlie  spheno-maxillary  fossa,  joins  the  posterior  angle  of 
Meckers  ganglion. 

Its  Branches  of  I)LifrifiutMm,-^T]iese  are  divisible  into  four  groups  :  aftcendtfftf^ 
which  pass  to  the  orbit ;  descend inffy  to  the  palate ;  inferjiul^  to  the  nose  ;  and 
poster  tor  bra  ache  Sn  to  the  pharynx  and  nasal  fossa*. 

The  ascend imj  branches  are  two  or  three  delicate  filaments  which  enter  the 
orbit  by  the  spheno«m axillary  fissure  and  supply  the  pericjsteum.  Arnold  describes 
and  delineates  these  hranehes  as  ascending  to  the  optic  nerve.  Bock  describeit  a 
branch  as  going  to  the  cavernous  sinus  to  communicate  with  the  sixth  nerve,  and 
Tiedemann,  a  conimnnicating  branch  to  the  ophthalmic  ganglion. 

The  descending  or  palatine  branches  are  distributed  to  the  roof  of  the  mouth, 
the  soft  palate,  tonsil,  and  lining  membrane  of  the  nose.  They  are  almost  a  direct 
conlinuation  of  the  spheno-palatine  hranches  of  the  superior  maxillary  nerve,  and 
are  three  in  number — anterior,  middle,  and  posterior. 

The  auterwr  or  large  pahittne  nerve  descends  through  the  posterior  palatine 
canal,  emerges  upon  the  hard  j)aliite  at  the  posterior  palatine  foramen,  and  passes 
forward  through  a  groove  in  tlie  hard  palate  nearly  as  far  as  the  incisor  teeth.  It 
supplies  the  gums,  the  mucous  niend>rane  and  glands  of  the  hard  palate,  and 
communicates  in  front  with  the  termination  of  the  naso-palatine  nerve.  White  in 
the  jmsterior  palatine  canal  it  gives  off'  inferior  nasal  branches^  which  enter  the 
nose  through  openings  in  the  palate  bone,  and  ramify  over  the  middle  meatus  and 
the  middle  and  inferior  s})ongy  bones ;  and»  at  its  exit  from  the  canal  a  palatine 
branch  is  distributed  to  both  surfaces  of  the  soft  palate. 

The  mhldle  or  ejrternal  pahiinc  nerve  descends  through  one  of  the  accessory 
palatine  canals,  distributing  branches  to  the  uvula,  tonsil,  and  soft  palate*  It  is 
occasionally  wanting. 

The  pmtcritfr  or  nmaU  pahittne  nerve  descends  with  a  small  artery  through  the 
small  posterior  palatine  canal,  emerging  by  a  separate  opening  behind  the  postericu- 
palatine  ftjramen.  It  supplies  the  Levator  pa  I  at  i  and  Azygos  iivuhe  muscles,  the 
soft  palate,  tonsil,  and  uvula.  The  middle  and  posterior  palatine  join  with  the 
tonsillar  branches  of  tbe  glusso-pharyngeal  to  form  the  plexus  around  the  tonsil 
( c  ire  a  his  tf*  ns  Ula  r  is) . 

The  internal  branches  arc  distributed  to  the  septum  and  outer  wall  of  the  nasal 
fossae.     They  are  the  superior  nasal  (anterior)  and  tbe  naso-palatine. 

The  superior  nasal  branches  [anterior)^  four  or  five  in  number,  enter 
the  back  part  of  the  nasal  fossa  by  the  spheno-palatine  foramen.  They 
su|>ply  the  mticoiis  membrane  covering  the  superior  and  middle  spongy  bones, 
ami  that  lining  the  posterior  ethmoidal  cells,  a  few  being  |U'olunged  to  the 
upper  and  hack  part  of  the  septum.  One  branch  is  continued  on  to  the  inner 
surface  of  the  anterior  wall  of  the  antrum,  and  there  forms  a  communication 
with  the  anterior  dental  nerve.  At  the  point  of  communication  a  swelling 
exists,  denominated  "'  the  ganglion  of  Bochdalek,"  the  nature  of  which  seems 
to  be,  however,  uncertain. 
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The  naao^palatine  nerve  (Cotunniui)  also  enters  the  nasal  fosaa  through  the 
spheno-palatine  foramen,  and  passes  inward  across  the  roof  of  the  nose,  below 
the  orifice  of  the  sjihenoidal  sinus,  to  reach  the  septum  ;  it  then  runs  obliquely 
downward  and  forward  along  the  lower  part  of  the  septum,  to  the  anterior  palatine 
fnamen,  lying  between  the  periosteiira  and  raucous  membrane.  It  descends  to  the 
roof  of  the  mouth  through  the  anterior  palatine  canal.  The  two  nerves  are  here 
contained  in  separate  and  distinct  canals,  situated  in  the  intermaxillary  suture* 
and  termed  the  foramina  of  Scarpa,  the  left  nerve  being  usually  anterior  to  the 
right  one.  In  the  mouth  they  become  united,  supply  the  mucous  membrane 
behind  the  incisor  teeth,  and  join  with  the  anterior  palatine  nerve.  The  naso- 
palatine nerve  occasionally  furnishes  a  few  small  filaments  to  the  mucous  mem> 
brane  of  the  septum. 

The  posterior  hranekes  are  the  pharyngeal  (pleryg*>-palatine)  and  the  upper 
posterior  nasal  branches. 

The  pharipigeiil  nerve  (pterygo-palatme)  is  a  small  branch  arising  from  the 
back  part  of  the  ganglion,  being  generally  blended  with  the  Vidian  nerve.  It 
passes  through  the  ptery go-palatine  canal  with  the  pterygo-palatine  artery,  and  is 
distributed  to  the  mucous  membrane  of  the  upper  part  of  the  pharynx,  behind  the 
Eustachian  tube* 

The  upper  posterior  iiasal  branches  are  a  few  twigs  given  otf  from  the  posterior 
part  of  the  ganglion,  which  run  backward  in  the  sheath  of  the  Vidian  nerve  to 
the  mucous  membrane  at  the  back  fiart  of  the  roof,  septum »  and  superior  meatus 
of  the  nose  and  that  covering  the  end  of  the  Eustachian  tube. 

Inferior  Maxillary  Nerve  (Fig.  483). 

The  Inferior  MaxiUary  Nerve  distributes  branches  to  the  teeth  and  guras  of 
the  lower  jaw,  the  integument  of  the  temple  and  external  ear,  the  lower  part  of 
the  face  and  lower  lip,  and  the  muscles  of  mastication  ;  it  also  supplies  the  tongue 
with  a  large  branch.  It  is  the  largest  of  the  three  divisions  of  the  fifth,  and  is 
nmde  up  of  two  roots :  a  large  or  sensory  root  proceeding  from  the  inferior  angle 
of  the  Gas.«erian  ganglion ;  and  a  small  or  motor  root,  which  passes  beneath  the 
ganglion,  and  unites  with  the  sensory  root  just  after  its  exit  through  the  foramen 
ovale.  Immediately  beneath  the  base  of  the  skoll  this  nerve  divides  into  two 
trunks,  anterior  and  posterior.  Previous  to  its  flivision  the  primary  trunk  gives 
off  from  its  inner  side  a  recurrent  (meningeal)  branch  and  the  nerve  to  the  Internal 
pterygoid  muscle. 

The  recurrent  branch  is  given  off  directly  after  its  exit  from  the  foramen 
ovale.  It  passes  backward  into  the  skidl  through  the  foramen  spinosum  with  the 
middle  meningeal  artery.  It  divides  into  two  branches,  anterior  and  posterior, 
which  accompany  the  main  divisions  of  the  artery  and  supply  the  dura  mater. 
The  anterior  branch  communicates  with  the  lueningeal  branch  of  the  suj>erior 
maxillary  nerve. 

The  Interaal  Pterygoid  Nerve,  given  off  from  the  inferior  maxillary  previous 
to  its  division,  is  intimately  connected  at  its  origin  with  the  otic  ganglion.  It  is  a 
long  and  slender  branch,  which  passes  inward  to  enter  the  deep  surface  of  the 
Internal  pterygoid  muscle. 

The  anterior  and  smaller  division,  which  receives  nearly  the  whole  of  the 
motor  root,  divides  into  branches  which  sufiply  the  remaining  muscles  of  masti- 
cation.    They  are  the  masseteric,  deep  temporal,  buccal,  and  external  pterygoid. 

The  masseteric  branch  passes  outward,  above  the  External  pterygoid  tnuscle, 
in  front  of  the  teoiporo-maxilUiry  articulation,  and  crosses  the  sigmoid  notch  with 
the  masseteric  artery  to  the  Masseter  muscle,  in  which  it  ramifies  nearly  as  far  as 
its  anterior  border.  It  occasionally  gives  a  branch  to  the  Temporal  muscle  and 
a  filament  to  the  articulation  of  the  jaw. 

The  deep  temporal  branches  suiij)ly  tlie  deep  surface  of  the  Temporal  muscle. 
The  posterior  hraneh,  of  small  si/.».%  is  placed  at  tiie  back  of  the  temporal  fossa. 
It  is  sometimes  joined   with   the    masseteric    branch.     The    anterior  branch  is 
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reflected  upward  at  the  pterygoid  ridge  of  the  spheDoid  to  the  front  of  the  tern- 
poral  fossa.  It  is  often  given  off  from  the  hnceal  branch  after  the  latter  has 
pierced  the  external  pterygoid  muscle.  The  third  brunch  (middle  deep  temporal) 
passes  outward  over  the  External  pterygoid  muscle  and  enters  the  deep  surface 
of  the  Temporal  muscle. 

The  buccal  branch  passes  forward  between  the  two  heads  of  the  Externiil 
pterygoid,  and  downward  hene^ith  the  inner  surface  of  the  coronoid  process  of  the 
lowt^r  jaw,  or  through  the  fibres  of  the  Temporal  muscle,  to  reach  the  surface  of 
the  Buccinator,  upon  which  it  divides  into  a  sujierior  and  an  inferior  branch.  It 
gives  the  branch  to  the  External  pterygoid  during  its  passage  througb  that 
muscle,  and  is  usually  joined  with  the  anterior  branch  of  the  deep  temporal  nerve. 
The  upper  branch  supplies  the  integument  and  upper  part  of  the  Euecinator 
moscle,  joining  with  the  facial  nerve  round  the  facial  vein.  The  lotver  branch 
passes  forward  to  the  angle  of  the  mouth  :  it  sujiplies  the  integument  and  Bucci* 
nator  muscle,  as  well  as  the  mueo^is  membrane  lining  the  inner  surface  of  that 
muscle,  and  joins  the  facial  nerve.^ 

The  External  Pterygoid  Nerve  is  most  frequently  derived  from  the  buccal,  but 
it  may  be  given  off  separately  from  the  anterior  trunk  of  the  nerve.  It  enters  the 
muscle  on  its  inner  surface. 

The  posterior  and  larger  division  of  the  inferior  maxillary  nerve  is  for  the 
most  part  sensory,  but  receives  a  few  filaments  from  the  motor  root.  It  divides 
into  three  branches:  fturiculo-temporal,  lingual  (guslatory),  and  inferior  dental 

The  Amiciilo-temporal  Herve  generally  arises  by  two  roots,  beneath  which  the 
middle  meningeal  artery  passes.  It  runs  backward  beneath  the  External  ptery- 
goid muscle  to  the  inner  side  of  the  neck  of  the  lower  jaw.  It  then  turns  upward 
with  the  temporal  artery,  between  the  external  ear  and  condyle  of  the  jaw,  under 
cover  of  the  parotid  gland,  and,  escaping  from  beneath  this  structure,  ascends 
over  the  zygoma  and  divides  into  two  temporal  branches. 

The  branche»  of  eomfniinieation  are  with  the  facial  and  with  the  otic  ganglion. 
The  branches  of  communication  with  the  facial,  usually  tw^o  in  number,  pass 
forward  from  behind  the  neck  of  the  condyle  of  the  jaw,  to  join  the  tern poro- facial 
division  of  this  nerve  at  the  posterior  border  of  the  Masseter  muscle.  They  form 
one  of  the  principal  branches  of  communication  between  the  facial  and  the  fifth 
nerve.  The  iilauients  of  communication  with  the  otic  ganglion  arc  derived  from 
the  commencement  of  the  auriculo^temporal  nerve. 

The  braneheis  of  distribution  are — 

Auricular,  inferior  and  superior.  Articular. 

Branches  to  the  meatus  auditorius.  Parotid. 

Temporal,  anterior  and  posterior* 

The  inferior  aurieular  arises  behind  the  articulation  of  the  jaw,  and  is  distrib- 
uted to  the  ear  below  the  external  meatus:  other  filaments  twine  round  the 
internal  maxillary  artery  and  communicate  with  the  sympathetic.  The  »uperii'r 
aurieubir  arises  in  front  of  the  external  ear,  and  supplies  the  integument  cover- 
ing the  tragus   and  pinna. 

BranehcM  to  the  metitnn  auditorius,  upper  and  ktwer,  arise  from  the  point 
of  communication  between  the  aurieulo-tempora!  and  facial  nerves,  and  are 
distributed  to  the  meatus.  A  filament  from  the  upper  passes  to  the  membrana 
tympani. 

A  branch  to  the  temporo-max diary  articulation  is  usually  derived  from  the 
auric ub> temporal  nerve. 

The  parotid  branches  supply  the  parotid  gland. 

The  anterior  temporal  accom]*anies  the  temporal  artery  to  the  vertex  of  the 
skull,  and  supplies  the  integument  of  the  temporal  region,  communicating  with 
the  facial  nerve  and  the  temporal  branch  of  the  temporo-malar  from  the  superior 

^  There  seems  to  be  no  reufion  to  doubt  thril  the  branch  supplying  the  Buccinator  miiscle  is  entire- 
ly a  nervt:  of  ordinary  sensation^  and  rhal  tlie  true  molor-Napply  of  this  nms^Je  is  from  the  facial. 
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maxillary.     The  posterior  temporal,  the  sraaller  of  the  two,  is  distributed  to  the 

upper  part  of  the  pinna  anil  the  neighboring  tissues. 

The  Lmgual  Nerve  (gustatory)  supplies  tho  papillae  and  raucous  membrane  of 
the  tongue.  It  h  dt'oply  placed  throughout  the  whole  of  its  course.  It  lies  at 
first  beneath  the  External  pterygoid  muscle,  together  with  the  inferior  dental 
nerve,  being  placed  to  the  inner  side  of  the  latter  nerve,  and  is  occaiiionally 
joined  to  it  by  a  branch  which  crosses  the  internal  maxillary  artery.  The  chorda 
tympani  also  joins  it  at  an  acute  angle  in  this  situation.  The  nerve  then  passes 
between  the  Internal  pterygoid  muscle  and  the  inner  side  of  the  ramus  of  the 
jaw,  and  crosses  oblifpiely  to  the  side  of  the  tongue  over  the  Stylo-glossus 
muscle,  and  then  between  the  Ilyo-glossus  muscle  and  deep  part  of  the  submaxil- 
lary gland  :  the  nerve  lastly  runs  across  Wharton  s  duct,  and  along  the  side  of 
the  tongue  to  its  apex,  lying  immediately  beneath  the  mucous  membrane. 

The  branches  of  eommunieatfon  are  with  the  facial  through  the  chorda  tympani, 
the  inferior  dental  and  hypoglossal  nerves,  and  the  subruaxillary  ganglion.  The 
branches  to  the  submaxillary  ganglion  are  two  or  three  in  number;  those  con- 
nected with  the  hypoglossal  nerve  form  a  |>lexus  at  the  anterior  margin  of  the 
H  y  o-g  1  OSS  us  muscle. 

The  branches  of  dhtrihution  are  few  in  number.  They  supply  the  mucous 
membrane  of  the  mouth,  the  gums,  and  the  sublingual  gland,  while  the  lmgual 
or  terminal  branches  sujjjdy  the  mucous  membrane  of  the  tongue  over  its  anterior 
two-thirds,  terminating  in  the  filiform  and  fungiform  papilhe. 

The  Inferior  Dental  is  the  largest  of  the  three  braBches  of  the  inferior  max- 
illary nerve.  It  passes  downward  with  the  inferior  dental  artery,  at  fii-st  beneath 
the  External  pterygoid  muscle,  and  then  between  the  internal  lateral  ligament 
and  the  ramus  of  the  jaw  to  the  dental  foramen.  It  then  passes  forward  in  the 
dental  canal  of  the  inferior  maxillary  bone,  lying  beneath  the  teeth,  as  far  as  the 
mental  foramen,  where  it  divides  into  two  termitial  branches,  incisor  and  mental. 

The  branches  of  the  inferior  dental  are,  the  mylo-hyoid,  dental,  incisive,  and 
mental. 

The  mf/h-h/nid  is  derived  from  the  inferior  dental  just  as  that  nerve  is  about 
to  enter  the  dental  foramen.  It  descends  in  a  groove  on  the  inner  surface  of  the 
ramus  of  the  jaw,  in  which  it  is  retained  by  a  process  of  fibrous  membrane.  It 
reaches  the  under  surface  of  the  Mylo-hyoid  muscle,  and  supplies  it  and  the 
anterior  belly  of  the  Digastric,  occasionally  sending  one  or  two  filaments  to  the 
submaxillary  gland. 

The  dental  braneheg  supply  the  molar  and  bicuspid  teeth.  They  correspond 
in  number  to  the  fangs  of  those  teeth  :  each  nerve  entering  the  orifice  at  the 
point  of  the  fang  and  sup]>ly]ng  the  pulp  of  the  tooth. 

The  incimfc  branch  is  continued  onward  within  the  bone  to  the  middle  line, 
and  sttpplies  the  canine  and  incisor  teeth. 

The  menial  branch  emerges  from  the  bone  at  the  mental  foramen,  and  divides 
beneath  the  Depressor  anguli  oris  into  two  or  three  branches;  one  descends  to 
supply  the  skin  of  the  chin,  and  another  (sometimes  two)  ascends  to  supply  the 
skin  and  mucous  membrane  of  the  lower  lip.  These  branches  communicate  freely 
with  the  facial  nerve. 

Two  small  ganglia  are  connected  with  the  inferior  maxillary  nerve — the  otic 
with  the  trunk  of  toe  nerve,  and  the  submaxillary  with  its  lingual  branch. 

Otic  Qanglion  (Fig.  485). 

The  Otic  Gtanglion  (Arnold's)  is  a  small^  oval-shaped,  flattened  ganglion  of  a 
reddish-gray  color,  situated  immediately  below  the  foramen  ovale,  on  the  inner 
surface  of  the  inferior  maxillary  nerve,  and  roirnd  the  origin  of  the  internal  ptery- 
goid nerve.  It  is  in  relation,  ejienialli/,  with  the  trunk  of  the  inferior  maxillary 
nerve,  at  the  point  where  the  motor  root  joins  the  sensory  portion  ;  internaUi/, 
with  the  cartilaginous  part  of  the  Eustachian  tube,  and  the  origin  of  the  Tensor 
palati  muscle;  behind  it  is  the  middle  meningeal  artery. 
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Branches  of  Conmiunwatioth — This  ganglion  is  connected  with  the  internal 
ptervgoid  branch  of  the  inferior  maxillary  nerve  by  two  or  three  short,  delicate 
filaments.  From  this  it  may  obtain  a  motor  root,  and  possibly  also  a  sensory  root, 
as  these  filaments  from  the  nerve  to  the  Internal  pterygoid  may  contain  sensory 
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Fro.  485.— The  otic  gnngllon  and  lt«  bmactiei. 

fibres.  It  communicate*?  with  the  gb>.S8o-pharyngcal  and  faciiil  nerves  througli  the 
small  superficial  pt^trosal  nerve  continued  from  the  tympanic  plexus  {pages  811  and 
SIH),  and  through  this  communication  it  ]>robuhly  receives  its  sensory  root  from  the 
-glosso-pharyngeal  and  its  motor  root  from  the  facial ;  its  communication  with  the 
*Bym(iathetic  is  effected  by  a  filament  from  the  [ilex us  surrounding  the  middle 
meningeal  artery.  The  ganglion  also  communicates  with  the  auriculo*temporal 
nerve.  This  is  probably  a  branch  from  the  glosso- pharyngeal  which  passes 
to  the  ganglion,  and  through  it  and  the  auriculo- temporal  nerve  to  the  parotid 
gland.     The  ttpftenoklal  filament  joins  the  Vidian  nerve. 

Its  branches  of  distrihufum  are  a  filament  to  the  Tensor  tympani  and  one  to  the 
Tensor  pal  all.  The  former  passes  backward  on  the  outer  side  of  the  Eustachian 
tube  ;  the  latter  arises  from  the  ganglion,  near  the  origin  of  the  internal  pterygoid 
nerve,  and  passes  forward.  The  fibres  of  these  nerves  are,  however,  mainly  derived 
from  the  nerve  to  the  Internal  pterygoid  muscle.  It  also  gives  off  a  small  com* 
municating  branch  to  the  chorda  tympani  and  one  to  the  buccal  nerve  (Rauber). 


Snbmaxillaiy  Ganglioa  (Fi^,  483). 

The  BUbmaxillary  ganglion  is  of  small  size,  fusiform  in  shape,  and  situated 
ab<^ve  the  deep  portion  of  the  submaxillary  gland,  near  the  posterior  border  of  the 
Mylo-hyoid  muscle,  being  connected  by  filaments  with  the  lower  border  of  the 
lingual   (gustatory)  nerve, 

Branehen  of  Vommunkatkin. — This  ganglii*n  is  connected  with  the  lingual 
(gustatory)  nerve  by  a  few  filaments  which  join  it  separately  at  its  fore  and  back 
part.  It  also  receives  a  branch  from  the  chorda  tympani,  by  which  it  communicates 
with  the  facial,  and  communicates  with  the  sympathetic  by  filaments  from  the 
sympathetic  plexus  around  the  facial  artery. 

Branches  of  I/kfnynitkm. — -These  are  five  or  six  in  number:  they  arise  from 
the  lower  part  of  the  ganglion,  and  supply  the  mucous  membrane  of  the  mouth  and 
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Wharton's  duct,  some  being  lost  in  the  Bubmaxillarv  gland.  The  branch  of  com- 
numication  from  the  lingual  to  the  fore  part  of  the  giinglir>ri  is  by  some  regarded 
as  a  branch  of  distribution,  by  which  filuments  of  the  chorda  tympani  pass  from 
the  ganglion  to  the  nerve,  and  by  it  are  conveyed  to  the  sublingual  gland  and  the 
tongue^ 

Surface  Marking, — It  will  be  seen  from  the  above  description  that  the  three  terminal 
branches  of  the  tliree  divisions  of  the  fifth  nerve  emerge  Ironi  foramina  in  the  bones  of  the  skull 
and  face  un  to  the  lace:  the  terminal  branch  of  the  firat  division  emerging  thmntrh  the  sujira- 
orbital  foramen ;  that  (>f  the  se^'ond  through  the  infra-orbital  fonunen ;  and  the  third  through 
the  mental  foramen.  The  supra -orbital  foramen  is  situated  at  the  junction  of  the  Internal 
and  middle  third  of  the  supraorbital  arch  between  the  internal  and  exiemal  aniriilar  prtx^esses. 
If  a  straight  line  ii^  dniwn  from  this  point  to  the  lower  border  of  the  inferior  njiixilLiry  bone,  iso 
that  it  pasvses  between  the  two  bicuspiil  teeth  in  Iwjth  juws^  it  wili  pai^suver  the  itilhi-orbital  and 
mental  foramina,  the  fonner  f>eiag  situated  about  one  centimetre  {two-fifths  of  an  inch^  l>elowthe 
marifin  of  the  orbit,  and  the  latter  varying  in  position  accortling  to  the  age  of  the  individual. 
In  the  adult  it  is  midway  between  the  npper  and  lower  borders  of  the  inferior  maxillary  bone; 
in  the  child  it  is  nearer  the  lower  border ;  and  in  the  edentulous  jaw  of  old  age  it  is  close  to  the 
upper  margin. 

Surgical  Anatomy*— The  fifth  nen^e  may  be  affected  in  its  entirety^  or  its  sensory  or  motor 
root  may  be  affeeted,  or  oac  of  its  prirnary  main  divisions.  In  injury  to  the  sensor?^  root  there  is 
ana»,**thesia  of  the  whole  of  the  side  of  tfie  face  on  the  side  of  the  lesiorit  with  the  exception  of 
the  skin  over  the  parotid  gland  ;  in.'^en^ihnity  of  the  eojyunctiva,  followed  by  destructive  inflam- 
mation of  the  cornea,  partly  from  loss  of  trophic  influence,  and  partly  from  the  irritation  pro- 
duced hy  the  nrcsencc  of  foreign  btjdies  on  it,  which  are  not  perceived  by  the  patient,  and  iliere- 
fore  not  expelled  by  the  act  of  winking  ;  dryness  of  the  nose,  loss  to  a  considerable  extent  of  the 
flense  of  taste,  and  diminished  secretion  of  the  lachrymal  and  salivary  glands,  in  injury  to  the 
motor  root  there  is  impaired  action  of  the  lower  jaw  from  paralysis  of  the  muscles  of  mastication 
on  the  affected  side. 

The  fiflh  nerve  is  often  the  aeat  of  neuralgia,  and  each  of  the  three  divisions  has  been 
divided  or  a  portion  of  the  nerve  excised  for  this  affection.  Tlie  supra-orbital  nerve  may  be 
exposed  by  making  an  incision  an  inch  and  a  half  in  length  along  the  supra-orbital  margin  below 
the  eyebrow,  winch  is  to  be  drawn  upward,  the  centre  of  the  incision  corresponding  to  the  supra- 
orbital notch.  The  skin  and  Orbieularis  palpebrarum  having  been  divided,  the  nerve  can  be  ■ 
easily  found  emerging  from  the  notch  and  lying  in  some  loose  cellular  tissue.  It  should  he  drawn  ' 
up  hy  a  binnt  hook  and  divided,  or,  what  is  better,  a  portion  of  it  removed.  The  infra-orbital 
nerve  has  been  divided  at  its  exit  by  an  incision  on  the  cheek  ;  or  the  floor  of  the  orbit  has  been 
exix>sed,  the  infra-orbital  canal  opened  up,  and  the  anterior  part  of  the  nerve  resected;  or  the 
whole  nerve,  together  with  Meckcrs  ganglion  as  far  hack  as  the  foramen  rotundum,  has  been 
retnoved.  This  latter  operation,  though  undoubtedly  a  severe  proccedintf*  appears  to  have  been 
followed  by  the  hest  results.  The  oi>erat ion  is  performed  as  follows :  The  superior  luaxillary 
bone  is  first  exposed  by  a  T-shaped  incision,  one  limb  passing  along  the  lower  margin  of  theorhit^ 
the  other  fn>m  the  centre  of  this  vert icallv  down  tne  cheek  to  the  angle  of  the  mouth.  The 
nerve  is  then  found,  divided,  and  a  piece  of  silk  tied  to  it  as  a  j?uide.  A  small  trephine  (one- 
half  inch)  is  tlien  amilied  to  the  bone  bti-low,  but  includinti,  the  infm-orbital  foramen,  and  tlie 
antrum  opened.  The  trephine  is  now  applied  to  the  posterior  wall  of  the  antrum,  and  the 
spheno-maxillar}'^  fossa  expose<i  The  infra-orbital  canal  is  now  opene<i  up  from  below  by  fine 
en tting' pliers  or  a  chisel,  and  the  nerve  dniwn  down  into  the  trephine  hole,  it  being  held  on  the 
Btreteh  by  means  of  the  pieee  of  silk;  it  is  st^vered  with  fine  curved  seiss^jrsas  near  the  foramen 
rotundum  as  po.ssible,  any  branches  coming  off  from  the  ganglion  being  also  divided  J  The 
inferiitr  dental  nerve  has  been  divided  at  its  exit  from  the  fJ>ramen  hy  an  incision  made  through 
the  nuicous  membrjine  where  it  is  reflected  trom  the  alveolar  process  on  to  the  lower  lip;  or  a 
{Mirtion  of  the  \wt\q  has  been  resected  hy  an  incision  on  the  cheek  through  the  Masse ter  in usele, 
exposing  the  outer  surface  of  the  ramus  of  the  jaw.  A  trephine  was  then  applietl  over  the 
jMjsltion  of  the  interior  dental  fV>ramen  and  the  outer  table  removed,  so  as  to  expose  the  inferior 
di-ntid  raiiEd.  The  nerve  was  di,ssected  out  of  tlie  portion  of  the  catml  exposed,  and,  having  been 
divided  after  its  exit  from  the  mental  foramen,  it  was  hy  traction  on  the  end  exposed  in  the 
trephine  hole,  tlrawn  out  entire,  and  cut  off  as  high  up  as  possible.^  Tlie  inferior  dental  nerve 
has  also  been  divided  hy  an  incision  within  the  niouth,  the  bony  point  guarding  the  inferior 
denttd  foramen  forming  the  guide  to  tlie  nerve.  The  buecal  nerve  may  be  divided  by  an  incision 
throntrh  the  mucous  membrane  of  the  month  and  the  Buccinator  just  in  front  of  the  anterior 
border  of  the  ramus  of  the  lower  jaw  (Stimaon). 

The  hngual  (gustatory)  nerve  is  occaaionally  divided  with  the  view  of  relieving  the  pain  in 
cancerous  disease  of  tlie  tongue.  This  may  he  done  in  that  oart  of  its  course  where  it  lies  below 
and  behind  ihe  last  molar  tooth.  If  a  line  is  dniwn  from  the  middle  of  the  crtvwn  of  the  last 
molar  tooth  to  the  angle  of  the  jaw,  it  will  cross  the  nerve,  whiih  lies  about  half  an  inch  behind 
the  tuHtth,  parallel  lo  the  bulging  alveolar  ridge  fin  the  inner  side  of  the  Ijody  of  the  hKine,  If 
the  knife  is  entered  three-quartere  of  an  inch  behind  and  l^elow  the  liist  molar  tooth  and  carried 

*  Carnochan,  Amer.  Jonm.  Mrd.  Sd^rt\  1858,  p,  13<>. 
'  MearBy  JVana.  Amtr.  Sutg*  Astoe^j  vol.  11.  p.  4t}9« 
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down  to  the  }M>iie.  tlie  ncTve  will  he  divi<h?{h  Hilloti  divkled  it  op|>oaite  the  secofid  njniar  lootli, 
where  it  is  covered  only  hy  rht?  iimr-omh  memhniiie,  and  Liicai*  pulls  the  tonffue  forward  and  over 
to  the  opposite  side,  when  the  nerve  can  h^  wen  stancJin^^  out  jis  a  firm  eoH  muler  the  niiieona 
membrane  hy  the  side  of  the  tonijiie,  and  can  l>e  easily  st'ized  with  a  shfirp  lioifk  and  divided  or 
a  ijiirtion  excise  J.  This  is  a  simple  enoutrh  i^peratinn  on  the  e^daver*  but  when  tlie  tlis<^a*e  ts 
extensive  and  has  extended  t^^*  tlie  tloor  of  the  moutlj,  as  is  generally  the  ease  when  division  of 
the  nerve  is  required,  the  operation  ib  not  pnicticable. 


Sixth  Nerve  (Figs*  384,  481). 

The  Sixth  or  A^bdueent  Nerve  supplies  the  External  rectus  muscle.  Its  guper- 
ficial  origin  is  hy  several  filaments  from  the  cnustjicted  part  of  the  pyramid  close 
to  the  pons,  or  from  the  lower  border  of  the  poDs  itself  in  the  groove  between  this 
body  and  the  medulla.  Its  deep  orit/iii  is  a  little  k>wer  tbim  the  motor  root  of  the 
fifth,  and  close  to  the  median  line,  beneath  the  superior  portion  (above  the  audi- 
tory  strife)  of  the  fasciculus  teres  on  the  floor  of  the  fourth  ventricle. 

The  nerve  pieiTes  tbe  dura  mater  on  the  basilar  surface  of  the  sphenoid  bone, 
runs  through  a  notch  immediately  below  the  posterior  cliuoid  process,  and  enters 
the  cavernous  sinus.  It  passes  forward  through  the  sinus,  lying  on  the  outer  side 
of  the  internal  carotid  artery.  It  enters  the  orbit  through  the  sjdieiioidal  fissure, 
and  lies  above  the  o]>htbaluiic  vein,  from  which  it  is  sej)arated  by  a  lamina  of  dura 
mater.  It  then  [lasse.**  between  the  two  heads  of  tbe  External  rectus,  and  is  dis- 
tributed to  that  muscle  on  its  ocular  surface. 

Bninehen  of  Communication, — It  is  joined  by  several  filaments  from  the  carotid 
and  cavernous  plexus,  by  one  from  Meckers  ganglion  (Boek),  and  another  from 
the  opluhalmie  nerve. 

The  above-mentioned  nerve,  as  well  as  the  third,  fourth,  and  the  ophthalmic 
division  of  the  fifth,  as  they  pass  to  tbe  orbit,  bear  a  certain  relation  to  each  other 
in  the  cavernous  sintis,  at  the  sphenoidal  fisstire,  and  in  the  cavity  of  the  orbit, 
which  will  now  be  described. 

In  the  eaveniotis  sinus  (Fig.  384)  the  third,  fourth,  and  ophthalmic  division  of 
the  fifth  are  placed  on  the  outer  wall  of  the  sinus,  in  their  numerical  order  both 
from  above  downwarfi  and  from  within  outward.  The  sixth  nerve  lies  at  the 
outer  side  of  the  internal  carotid  artery.  As  tbese  nerves  pass  forward  to  the 
IfBphenoidal  fissure,  the  third  and  fifth  nerves  become  divided  into  blanches,  and 
the  sixth  approaches  the  rest,  so  that  their  relative  position  becomes  considerably 
changed. 

In  the  apkenoiihil Jissure  (Fig.  486)  the  fourth  and  the  frontal  and  lachrymal 
divisions    of  the  ophthalmic   lie   upon   the  same   plane,  the  former    being   most 
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Fto.  4fi6i.— RelatlOTiB  of  Btruetures  pasattig  through  the  spbenofdAl  flitsure. 


internal,  the  latter  external,  and  they  enter  the  cavity  of  the  orbit  above  the  mus- 
cles. The  remaining  nerves  enter  the  orbit  between  the  two  heads  of  the 
External  rectus.  The  superior  division  of  the  third  is  the  highest  of  these; 
beneath  this  lies  the  nasal  branch  of  the  ophthalmic ;  then  the  inferior  division  of 
the  third  ;  and  tlie  sixth  lowest  nf  all. 
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External  peiroml>^ 
Small  supe^'JicicU  petromL- 
Largt  tuperficidL  petrosal,'' 

IfUumucentia  ffanf^iqformii,- 


Sevenihpair^^^^ 


In  the  orbit  the  fourth  and  the  frontal  and  lachrymal  divisioue  of  the  ophthal- 
mic lie  on  the  same  plane  immediately  heneath  the  periosteum,  the  fourth  nerve 
lieing  internal  and  resting  on  tbe  Superior  oblitjiie,  the  frontal  resting  on  the 
Levator  palpehrac,  and  the  lachrymal  on  the  External  recttis.  Next  in  order 
comes  the  superior  division  of  the  third  nerve,  lying  immediately  beneath  die 
Superior  rectus,  and  then  the  nasal  branch  of  the  ophthalmic,  crossing  the  optic 
nerve  from  the  onter  to  the  inner  side  of  the  orbit.  Beneath  these  is  found  the 
optic  nerve,  surrounded  in  front  by  the  ciliary  nerves,  and  having  the  lenticular 
ganglion  on  its  outer  side,  between  it  and  the  External  rectus.  Below  the  optic 
is  the  inferior  division  of  the  third  and  the  sixth,  which  lies  on  the  outer  side  of 
the  orbit. 

Surgical  Aaatomy.^The  sixth  nerve  is  more  fre*iufatl)*  involved  in  fractures  of  the  base 
0  f  t he  sk  u  1 1  t  h  a  n  a tiy  ot  her  o  f  th  e  enx u  i  al  n er ves.  The  result  of  para ly si  s  o f  th  is  n  erve  i  s  i  nter n  al 
or  convergent  sj^iiiiit.  When  injureJ  so  that  its  function  is  destroyed,  there  is,  in  arldititm  to 
the  paralysis  of  the  External  rectus  muscle,  often  a  certain  amount  of  eoatractioii  of  the  pupil, 
because  some  of  the  sympatlietie  tihres  to  the  radiating  muscle  of  the  iris  pass  along  with  tnifl 
nerve. 

Seventh  Nerve  (Figs.  487  and  489). 

The  Seventh  or  Facial  Nerve  {porUo  dura)  is  the  motor  nerve  of  all  the  mus- 
cles of  expression  in  tbe  face  and  of  the  Platysma  and  Buccinator,  the  muscles 
of  the  External  ear,  the  posterior 
belly  of  the  Digastric,  and  the  Stylo- 
hyoid. Through  its  chorda  tym- 
pani  it  supplies  the  Lingualis :  by 
its  tympanic  branch  the  Stapedius. 
Its  ttifferjieial  origin  h  from  the 
upper  end  of  the  medulla  oblon- 
gata, in  the  groove  between  the 
olivary  and  restiform  bodies.  Its 
deep  orifjin  is  from  a  nucleus  in  the 
pons,  below  tbe  tloor  of  the  fourth 
ventricle,   somewhat   ventral   and   external    io   the   nucleus  of  the  sixth    nerve* 

The  au<litory  nerve  {portio  mollis)  lies  to  its  outer  side,  and  between  the  two 
is  a  small  fasciculus  (porfio  ifiter  dtiram  H  moUem  of  Wrisberg,  or  pnr%  intermedia)^ 
which  arises  from  the  medulla  ami  joins  the  facial  nerve  in  the  internal  auditory 
meatus.  At  its  origin  it  is  frequently  connected  with  both  the  nerves  between 
which  it  lies. 

The  facial  nerve,  firmer,  rounder,  and  smaller  than  tbe  auditory,  passes 
forward  and  outward  together  with  that  nerve,  and  with  it  enters  the  internal 
auditory  meatus.  Within  the  meatus  the  facial  nerve  lies  in  a  groove  ah>ng 
the  upper  and  anterior  part  of  the  auditory  nerve.  The  pars  intermedia 
is  placed  between  tbe  facial  and  auditory  nerves  in  the  internal  auditory 
meatus ;  a  few  of  its  fibres  frequently  pass  into  the  auditory  nerve,  while 
the  remainder  join  the  facial.  At  the  bottom  of  the  meatus  it  is  connected  to  this 
nerve  by  one  or  two  slender  filaments. 

At  the  bottom  of  the  meatus  the  facial  nerve  enters  the  aqueductus  Fallopii, 
and  follows  the  serpentine  course  of  that  canal  through  the  petrous  portion  of  the 
temyjoi^al  bone,  from  its  commencement  at  the  internal  meatus  to  its  termination 
at  the  stylo-mastoid  foramen.  It  is  at  first  directed  outward  toward  the  inner 
wall  of  the  tympanum,  where  it  forms  a  reddish  gangliform  svfGlllng{intumescentia 
f/anqh'oforotiif,  or  (/enieidfttc  gitfujUon),  and  is  joined  by  several  nerves  ;  then  bending 
suddenly  backward,  it  runs  in  tbe  iniermtl  wall  of  the  tympanum,  above  the 
fenestra  ovalis,  and  at  the  back  of  that  cavity  passes  vertically  downward  behind 
the  tympanum  to  the  stylo-mastoid  foramen*  On  emerging  from  this  aperture  it 
runs  forward  in  the  substance  of  the  parotid  ghmd,  crosses  the  external  carotid 
artery,  and  divides  behind  the  ramus  of  the  lower  jaw  into  two  primary  branches, 
temporO'faeial  and  cermco-facialy  from  which  numerous  offsetB  are  distributed  over 


Ynx  4S7.— The  Pf*iirse  and  connections  of  ttie  facial  nerve 
In  tilt'  tfm|Mjral  bone. 
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the  side  of  the  head,  face,  and  upper  part  of  the  neck,  supplying  the  superficial 
muscles  in  these  regions.  As  the  primary  branches  and  their  oflTsets  diverge  from 
each  other  they  present  somewhat  the  appearance  of  a  bird's  claw  ;  hence  the 
name  oi  pea  anserimis  is  given  to  the  divisions  of  the  facial  nerve  in  and  near  the 
parotid  gland. 
The  branches  of  communication  of  the  facial  nerve  may  be  thus  arranged : 


In 


the     internal 
meatus  , 


^      With  the  auditory  nerve. 


In  the  aquseductus  Fallopii 


After  its  exit  from  the  stylo- 
mastoid foramen    * 

On  the  face 


With  MeckeFs  ganglion  by  the  large  superficial 

petrosal  nerve* 
With  the  otic  ganglion  by  the  small  superficial 

petrosal  nerve. 
With  the  sympathetic  on  the  middle  meningeal 

by  the  externa!  superficial  petrosal  nerve. 
With    the    auricular    branch   of    the    pneumo- 

gastric. 
With  the  glosso-pharvngeal  (Digasitric)-  , 

With  the  pneumogastric  (Posterior  anricular). 
With  the  carotid  plexus  (Stylo-hyoid). 
With  the  aurieularis  ma  gnus  (Posterior  auricular). 
With  the  auriculo-temporal  (Temporal), 
With  the  three  divisions  of  the  fifth. 


In  the  internal  auditory  meatus  some  minute  filaments  pass  between  the  facial 
and  auditory  nerves. 

Opposite  the  hiatus  Fallopii  the  gangliform  enlargement  on  the  facial  nerve 
communicates  with  Meckers  ganglion  by  means  of  the  large  superficial  petrosal 
nerve,  which  forms  its  motor  root ;  with  the  otic  ganglion,  liy  the  small  superficial 
petrosal  nerve;  and  with  the  sympathetic  filaments  accompanying  the  middle 
nieningeal  artery,  by  the  external  petrosal  (Bidder).  From  the  gangliform  enlarge- 
nient,  according  to  Arnold,  a  twig  is  sent  back  to  the  auditory  nerve. 

Just  before  leaving  the  aqueduct  a  twig  joins  the  auricular  branch  of  the 
pneumogastric  nerve. 

Just  after  its  exit  from  the  stylo-mastoid  foramen  it  conminnicates  with  the 
following  nerves  by  means  of  its  respective  branches:  With  the  auricular  branch 
of  the  pneumogastric  and  auriciilaris  niagnus  of  the  cervical  plexus,  by  the  Pos- 
terior auricular  branch  ;  with  the  glosso-pharyngeal,  by  the  digastric ;  with  the 
carotid  j>lexu8,  by  the  stylo-hyoid ;  and  with  the  auriculo-temporal,  by  its  tem- 
poral branches. 

Branches  of  Distribution. 


Within  the  aqueductus  Fallopii  .  |  ciirrdrTympani. 

.    ,         .    -         ,1       ,1  4  -J  f  Posterior  Auricular. 

At  Its  exit  from  the  stylo-mastoid  J   HjT-istnc 

^^lo-hyoid, 

i  Temporal. 

Temporo-facial  i^  Malar, 

_       ^     ^  J  \  Infra-orbital. 

On  the  face 


foramen , 


y    \..  11 1 J 

''^  {  Dig 

■  (  Sty 

I 


Cervico-facial 


rBuccaL 
<  Sii|>ramaxillary. 
(^  Infniuuixillary. 


The  tympanic  branch  arises  from   the  nerve  opposite  the  pyramid;  it  passes 
through  a  small  canal  in  the  pyramid  and  sufiplies  the  Stapedius  muscle* 

The  chorda  tympaEi  is  given  off  from   the  facial  as  it  passes  vertically  down- 
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ward  at  tlie  back  of  the  tympanum,  about  a  fjiiartcr  of  an  inch  before  its  exit 
from  the  stylo-mastoid  foramen.     It  passes  from  below  upward  and  forward  in  a 


Auditory  Strim 

Dorma  Auditory 


Ganglioti  of   fffff// 
La  terai  Root  j 


ReMiform 
Bodjt 


IToTro^^iwi^ 


Lateral 
Root- 


MetiulBoot- 


iAceessonf)  Ventral  Auditory 
Nucleus 


Pyramid 


I 


Fto.  4^— Mode  of  origin  of  auditory  nerve  (dlagrammatio).    [The  section  t»  dorBO-ventrtlly,  belween  pom 
and  medulla.] 

distinct  canal,  and  enters  tbe  cavity  of  the  tympanum  through  an  aperture  {Uer 
ekordce  poRter ill »)  on  its  pot^terior  wall  betw^een  the  opening  of  the  mastoid  cells 
and  the  attachment  of  the  niembrana  tyrapani,  and  becomes  invested  with  mucous 
membrane.  It  passes  forward  through  the  cavity  of  the  tympanum*  between  the 
handle  nf  the  malleus  and  vertical  ramus  of  the  incus,  to  its  anterior  inferior 
angle,  and  emerges  from  that  cavity  through  a  foramen  at  the  inner  end  of  the 
Glaserian  fissure,  which  is  callt^d  the  iter  chordw  aHteriiiif,  or  eanal  of  Hmjuier. 
It  then  descends  between  tbe  two  Pterygoid  muscles,  meets  the  lingual  nerve 
a't  an  acute  angle,  and  accompanies  it  to  the  submaxillary  gland ;  part  of  it  then 
joins  the  suhmaxillary  ganglion ;  the  rest  is  continued  onward  into  the  proper 
muscular  fibres  of  the  tongue — the  Inferior  lingualis  muscle.  A  few  of  its  fibres 
probably  pass  through  tlie  submaxillary  ganglion  to  the  sublingual  gland-  Before 
joining  the  lingual  nerve  it  receives  a  small  communicating  branch  from  the 
otic  ganglion. 

The  Posterior  aiiricular  nerve  arises  close  to  the  stylo-mastoid  foramen,  and 
passes  upward  in  frout  of  the  mastoid  process,  where  it  is  joined  by  a  filament 
from  the  auricular  branch  of  the  pneumogastric,  and  communicates  with  the 
mastoid  branch  of  the  auricularis  magnus  and  with  the  small  occipital  As  it 
ascends  between  the  meatus  and  mastoid  process  it  divides  into  two  branches. 
The  auricular  branch  supplies  the  Ret ra hens  aurem  and  the  small  muscles  on  the 
cranial  surface  of  the  pinna.  The  (^rcipital  branchy  the  larger,  passes  backward 
along  the  superior  curved  line  iif  the  <»cci[utal  bone,  and  supplies  the  occipital 
portirui  of  the  Occi  pi  to-front  alls. 

The  digastric  branch,  usually  arises  by  a  c<*mm«ui  trunk  with  the  Stylo-hyoid 
branch :  it  divides  into  several  filamenti^,  which  supply  the  posterior  belly  of  the 
Digastric ;  one  of  these  perforates  that  muscle  to  join  the  glosso-pharyngeal  nerve. 

The  stylo-hyoid  is  a  long  slender  branch,  which  passes  inward,  entering  the 
Stylo-hyoid  musele  about  its  middle;  it  communicates  with  the  sympathetic 
filaments  on  the  external  carotid  artery. 

The  Temporo -facial,  the  larger  of  the  two  terminal  branches,  passes  upward 
and  forward  through  the  parotid  glands,  crosses  the  external  carotid  artery  and 
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F[G.  489 —The  nerves  of  the  scalp,  face,  and  filde  of  the  ne<^:k. 

The  temporal  branches  cross  tlie  zygoma  to  tbe  temporal  re(^i{>n,  supplying  tlie 
Attrahons  and  Attolleos  aurem  timsclas,  antl  jtirn  with  tlie  temiioral  brunch  of  the 
teioporo-inalar,  a  branch  of  tbe  superior  maxillary,  i\nd  with  the  aiirieiilo-tem- 
poral  branch  of  the  inferior  maxillary,  The  more  anterior  branches  .*<n|>ply  the 
frontal  portion  of  the  Oecipito-fron talis,  the  Orbicularis  p;il|tebrarum.  and  Corruga- 
tor  supercilii  muscles,  joining  with  the  aupra-orbital  and  lachrymal  branches  of 
the  opbtbalraic. 

The  mninr  hranehes  pass  across  the  malar  bone  to  tbe  outer  angle  of  tbe  orbit, 
where  they  supply  tbe  Orbicularis  paljjebraruni  muscle,  joining  with  filaments  from 
the  lachrymal  nerve ;  others  supply  the  lower  eyelid,  joining  with  filaments  of  the 
malar  branch  {mibeutftfunts  fuaia)  of  the  superior  maxillary  nerve. 

Tbe  infra'drhifal,  of  larger  sixc  than  the  rest,  pass  horizontally  forward  to  be 
distributed  between  the  lower  mart^in  of  tbe  orbit  and  the  mouth.  The  ^uperfieid! 
brnuehi'ii  run  beneath  the  skin  and  above  the  superficial  muscles  of  the  face,  which 
they  supply  :  some  branches  are  distributed  to  the  Pyramidalis  nasi,  joining  at  the 
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inner  angle  of  the  orbit  with  tbe  infratroehlear  and  nasal  branches  of  the 
OfjhthRlmic.  TLe  deep  hrtim^heit  pass  benesith  the  Zygomatici  anrl  the  Levator  kbii 
i<ujjeni*ris,  supplyiog  them  and  the  Levator  anf2:iili  oris,  and  form  a  plexus  (hifm- 
orbital)  by  joining  with  the  infra-orbital  branch  of  the  superior  maxillary  nerve 
and  the  buccal  branches  of  the  cervico-faciaL  This  branch  also  supplies  the 
Levator  labii  super i oris  absque  nasi  and  the  small  nniscles  of  tlie  nose. 

The  Cemco-facial  division  of  the  facial  nerve  parses  obli(|uely  doss  n ward  and 
forwanl  through  the  parotid  glaiifb  crossing  the  external  carotid  artery.  In  this 
situation  it  is  joined  by  branches  from  the  great  auricular  nerve.  Opposite  the 
angle  of  the  lower  jasv  it  divides  into  branches  which  are  distributed  on  the  lower 
hulf  of  the  face  and  upper  part  of  the  neck.  These  may  be  divided  into  three  sets 
—buccal,  su)>ramaxillary,  and  inframaxillary. 

The  huei'a!  brattcht'n  cross  the  Masseter  muscle.  They  supply  the  Buccinator 
and  Orbicularis  oris,  and  join  with  the  infra-orbital  brancbes  f*f  the  temporo-facial 
division  of  the  nerve,  and  with  filaments  of  the  buccal  brunch  of  the  inferior 
maxiUary  nerve. 

The  svpramaxillan/  or  mandt'bular  brmiehcA  piiBS  forward  beneath  the  Platysma 
and  Depressor  unguli  oris,  supplying  the  muscles  of  the  lower  lip  and  chin,  and 
communicating  ssith  the  mental  bnincb  of  the  inlVrior  dental  nerve. 

The  rnframaxHIari/  or  *'t'rvicdl  bntnehrs  run  furward  beneath  the  Platysma, 
and  form  a  series  of  arches  across  the  side  of  tlie  neck  over  the  suprahyoid 
region.  One  of  these  branches  descends  vertically  to  join  with  the  superficialia 
colli  nerve  from  the  cervical   plexus ;  others  supply  the  Platysma. 

Surgical  Anatomy. — Tlie  farial  nerve  is  more  trci^uently  paralyzed  than  any  of  the  other 
of  the  eraniiil  ners'es.  The  panilysis  luay  dejKiid  either  upon  (!)  central  eiiuftes — /.  t\  blood-dots 
or  intracranial  tumors  pressiuLT  on  the  nerve  hefiire  its  entrance  into  the  iTitemal  auditory  meatus. 
It  is  also  one  of  tlje  iiervcH  involved  in  '*  hulbiir  paralyt^is/'     Or  (2)  it  may  be  paralyzed  in  It^ 

Sassage  through  the  petrous  bone  by  daum^^e  due  to  middle-ear  disease  or  by  t  met  a  res  of  the 
ase.  Or  (3)  it  may  do  aflfecited  at  or  ailer  its  exit  from  the  stylo-niasloid  fonunen.  This  is 
commonly  known  as  '^Bell's  paralysis/'^  It  may  be  due  to  ex^xisure  to  eold  or  to  injury  of  the 
nerve,  eitlier  from  aeL'iileatal  woumls  of  the  faL*e  or  durioir  some  surs^'ieul  ojKTiJitioa,  a^  removal 
of  parotid  tumors,  openiui?  of  absecsses,  or  operalioiis  oti  the  lower  jasv. 

The  fddal  uerve  is  at  fault  in  caik^s  of  so-ealled  ''histrionic  spasm,"  svhich  consists  in  an 
almost  cojtstant  uml  uiieontnilbble  twitehioL'  uf  the  museles  of  the  tkee.  Tins  twitehiDtr  is 
8ometime43  so  severe  ha  Ut  eause  great  dii*tM>mtort  and  annoyau<x*  to  the  patient  and  to  interfere 
with  sleep,  and  for  its  relief  the  faeiid  nerve  has  l>een  stretched.  Tbe  operation  is  performed 
by  making  an  ineision  behind  tbe  ear  frim  the  mot  of  the  nuL^ti^d  pD>eess  tt>  the  an^de  *ji'  the 
jaw.  The  parotid  is  turneil  fnrwanJ,  and  the  disseetiou  earned  alun;.'  tiie  anterior  horiJerof  the 
Steroo-mastijid  mnsele  and  m;Lstoid  jiroeess  uiuil  the  uj>|>er  border  *^f  the  fMisterior  belly  of  tbe 
IHgastrie  is  f mud.  Tbe  nerve  is  jiandle!  to  this  on  iibout  a  level  oi'  tlie  middle  of  tbe  mastoid 
priKX'SS.  When  found,  tbe  nerve  lutijjt  be  Htrt^tched  by  u^issiug  a  blunt  bunk  beneath  it  and 
] lulling  it  forward  and  outwuni.  Totj  great  foree  must  mjt  1x^  used,  for  fear  of  pii^mianetu  iujuiy 
to  the  nerve. 

Eighth  Nerre. 

The  Eighth  or  Auditory  Nerve  ( portio  fuoUiif)  is  the  special  nerve  of  the  sense 
of  hearing,  being  distributed  exclusively  to  the  internal  ear. 

Its  superjit'iid  orit/m  is  by  tsvo  roots.  One,  the  memal^  is  from  the  groove 
between  the  olivary  and  restiforiu  bodies  at  the  losver  border  of  the  pons.  The 
other,  or  hiteral  root,  winils  around  tbe  upper  end  of  the  restiform  body,  dorsally, 
and  joins  the  former  at  its  exit  in  the  groove.  This  root  is  apparently  contttiuous 
with  the  auditory  striie.  The  nerve,  thus  formed,  lies  external  to  the  facial  nerve. 
Each  root  ha.s  a  derp  origin  :  T  The  mvviinl  root  is  traceable  dorsiilly,  through 
the  substance  of  the  medulla,  lying  close  to  the  mesial  or  attacheil  surface  of  the 
restiform  body,  to  the  dorsal  a adiiuni  nuidrits^  which  lies  immediately  ventral  to 
a  prominence,  the  avoantw  tubereh^  on  the  outer  side  of  the  inferior  fovea  on  the 
floor  of  the  fourth  ventricle.  2.  The  fibres  of  the  lateral  root  are  traceable  dor- 
sally  to  four  different  sources:  [a)  To  the  accessory  or  vaitral  ^juditorif  NUtdiiof^ 
which  lies  close  in  front  of  the  restiform  body  and  between  this  root  and  the 
mesial;  {b)  to  its  own  ganglion,  or  (pint/lion  of  the  latiral  rooty  situated  among 
the  fibres  where  they  bend  around  the  restiform  body;  (c)  to  the  auditory  striie; 
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and  {d)  trapeziimi  of  the  pons.  The  first-mentioned  origin,  however,  gives  most 
of  the  fibres  (see  Fig.  488).  The  auditory  nerve  passes  forward  across  the  pos- 
terior bortler  of  the  middle  peduncle  of  the  cerebelUim,  in  company  with  the 
facial  nerve,  from  which  it  is  partially  separated  by  a  small  artery  (auditory). 
It  then  enters  the  internal  auditory  meatus,  with  the  facial  nerve  in  a  groove 
along  its  upper  and  fore  part.  At  the  bottom  of  the  meatus  it  receives  one  or 
two  filaments  from  the  facial  nerve,  and  then  divides  into  two  branches,  cochlear 
and  veMibular.  The  auditory  nerve  is  soft  in  texture  (hence  the  name  porth 
moUts),  and  is  destitute  of  neurileuima.  The  distribution  of  the  audirory  nerve 
in  the  internal  ear  will  he  found  described  along  with  the  anatomy  of  that  organ 
in  a  suhsequent  page. 

Surgical  Anatomy, — The  auditon^  nerve  is  frtHiueutly  iujured,  tosetber  with  the  facial 
aer\e,  m  ihinXnres  of  the  middk  imt^a  of  the  buse  of  the  skull  imjiliuatiiiir  the  internal  auditory 
meatim.  Tbe  nerve  may  IfC  either  torn  aeross,  produ<?iiiL'  iiemiarient  deafness,  or  it  ajjiy  be 
btaiised  or  pressed  upon  by  ex travasa ted  blotxi  or  iTiflainuiattjrv  exudation,  when  ilie  deafness 
will  irj  all  iirt>babilit>'  U*  temjtorary.  The  nerve  luny  also  be  iajured  by  viulcnt  blows  oti  the 
head  without  fraetare^  ami  deafness  may  arise  from  knid  explosions  from  dynamite,  ete.,  prob- 
ably from  some  lesion  of  this  nerve,  vvhich  is  n*ure  liable  to  be  injured  tluui  the  other  cranial 
nerves  on  aeeouTU  of  its  stntcture,  The  t^st  that  the  nerve  is  destroyed  and  that  the  deafness  is 
nut  due  to  some  lesion  of  the  Jiuditorv"  apparatus  is  obtained  by  pliieii>|r  a  vibraling  tuning-fork 
oa  the  head.  The  vibnitions  will  be  heard  in  eases  where  the  auditoty  apparatus  is  at  ikult,  but 
Dot  in  cases  of  destruction  of  the  auditory  nerve. 


NiDth  Pair  (Figs.  490,  491,  492). 

The  Ninth  or  Glosso-pharyBgeal  Henre  is  distributed,  as  its  name  implies,  to 
the  tongtie  and  pharynx,  being  the  nerve  of  sensation  to  the  mucous  membrane 
of  the  pharynx,  fauees.  and  tonsil,  and  a  special  nerve  of  taste  to  all  the  parts  of 
the  tongue  to  which  it  is  distributed.  Its  miperfieial  origin  is  by  three  or  four 
filaments  closely  connected  together,  from  the  upper  part  of  the  medulla  oblon- 
gata, in  the  groove  between  the  olivary  and  the  rest i form  body. 

Its  deep  origin  may  be  traced  through  the  feseiculi  which  lie  between  the 
lateral  and  posterior  areas  of  the  medulla  to  a  nucleus  of  gray  matter  in  the 
lower  part  of  the  floor  of  the  fourth  ventricle,  beneath  the  inferior  fovea,  above 
the  nucleus  of  the  pneumogastric.  From  its  superficial  origin  it  i*asses  outward 
across  the  flocculus,  and  leaves  the  skull  at  the  central  part  of  the  jugular  fora- 
men, in  a  separate  sheath  of  the  dura  mater,  external  to  and  in  front  of  the 
pneumogastric  and  spinal  accessory  nerves  (Fig.  386).  In  its  passage  through 
the  jugular  foramen  it  grooves  the  lower  border  of  the  petrous  portion  of  tlie 
temporal  bone,  and  at  it^s  exit  from  the  skull  passes  forward  between  the  jugubir 
vein  and  internal  carotid  artery,  and  desccTuls  in  front  of  the  latter  vessel,  and  be- 
neath the  styloid  process  and  the  muscles  connected  with  it,  to  the  lower  border  of 
the  Stylo-pharyngt*us,     The  nerve  now  curves  inwanh  fortning  an  arch  on  the  side 

of  the  neck,  and  lying  upon  the  Stylo-pharyngeus 
and  Middle  constrictor  of  the  plmrvnx,  above  the 
super  if  »r  lar\Mxgeal  nerve.  It  then  passes  beneath 
the  Hyoglossus,  and  is  finally  distributed  to  the  mu- 
cous niend>rane  of  the  fauces  and  base  of  the  tongue, 
and  the  mucous  glands  of  the  mouth  and  tonsil. 

In  passing  through  the  jugular  foramen  the  nerve 
presents,    in    succession,    two    gangliform   enlarge- 
ments.    The  superior,  the  snuiller,  is  called  the^u^- 
'■  ular  ganglion  ;  the  inferior  and  larger,  the  petrou9 
Fio.  4130-mhjotb.nrKi  luii  n#^rvej<.   gonqlioji^  or  the  tfanqlion  of  Andemch. 
tbdr  origin,  gftngiiu.  «,d  communka-  *      Vpj^^  superior,  OT  ju^ular; ganglion  is  situated  in  the 

upper  part  of  the  groove  in  win  eh  the  nerve  is  lodged 
during  its  passage  through  the  jugular  foramen,  '  It  is  of  very  small  size,  and 
involves  only  the  lower  part  of  tli\'  trunk  of  the  nerve.  It  is  usually  regarded 
as  a  segmeniation  from  the  lower  ganglion. 


fuffular  gnnglitm . 
FiUrmts  gangHon. 


Pntwnoffftjttrie,    ^^.    ^' 
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Fuj.  491.— Plan  of  the  glosso-pharyngeal,  pneumogastric,  and  spinal  accessory  nerves.    (After  Flower.) 

The  inferior,  or  petrous,  ganglion  is  situated  in  a  depression  in  the  lower  bor- 
der of  the  petrous  portion  of  the  temporal  bone ;  it  is  larger  than  the  former  and 
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involves  the  whole  of  the  fibres  of  the  nerve.  From  this  ganglion  arise  those 
filaments  which  connect  the  glosso-pharyngeal  with  the  pneunjogastric  and  sym- 
pathetic nerves. 

Thi\  branches  of  cammunwation  are  with  the  pneumogastric,  sympathetic,  and 
faeiah 

The  branches  to  the  pneuraogastric  are  two  filaments,  arising  from  the  petrous 
ganglion,  one  to  its  auricular  branch,  and  one  to  the  upper  ganglion  of  the 
pneumogastric. 

The  branch  to  the  sympathetic,  also  arising  from  the  petrous  ganglion,  is  con- 
nected with  the  superior  cervical  ganglion. 

The  branch  of  communication  with  the  facial  perforates  the  posterior  belly  of 
the  Digastric.  It  arises  from  the  trunk  of  the  n^rxa  below  the  petrous  ganglion, 
and  joins  the  digasitric  bnineh  of  the  facial  (jiee  page  813). 

The  branches  of  diMn'lnitwn  are  the  tympanic,  carotid,  pharyngeal,  muscular, 
tonsillar,  and  lingual. 

The  tympanic  branch  {Jaeobmns  nen^e)  arises  frum  the  petrous  ganglion,  and 
enters  a  small  bony  canal  in  the  lower  surface  of  the  petroun  jjortiun  of  the  tem- 
poral bone,  the  lower  opening  of  which  is  situated  on  the  bony  ridge  which  sep- 
arates the  carotid  canal  from  the  jugnlar  fossa.  It  ascends  to  the  tympanum, 
enters  that  cavity  by  an  aperture  in  its  fioor  close  to  the  inner  wall,  and  divides 
into  branches  which  are  contained  in  grooves  upon  the  surface  of  the  promontory, 
forming  the  tympanic  plexus. 

Its  branches  of  distribution  are — one  to  the  fenestra  rotunda,  one  to  the  fenestra 
ovalis,  and  one  to  the  lining  membrane  rd'  the  tympanum  and  Eustachian  tube 

Its  branehes  of  eonununication  are  three,  and  occupy  separate  grooves  on  the 

surface  of  tbe  promontory.     One,  the  small  deep  pdrosal,  arche?*  forward  and 

downward  to  the  carotid  canal  (piercing  the  hone)  to  join  the  carotid  plexus.     A 

second,  the  lontj  petrmal  nerve^  runs  forward  through  a  Qnnnl   in  the  processus 

cochleariformis    and   enters  the    foramen  lacenim    medium,  where    it   jcdns  the 

[  earctid  plexus  of  the  sympathetic,  and  generally  the  large  superficial  petrosal 

t nerve.     The  third  branch  runs  upward  through  the  substance  of  the  petrous  por- 

'tion  of  the  temporal  hone.     In  its  course  it  passes  by  the  gangliform  enlargement 

of  the  facial  nerve,  and,   receiving  a  connecting  filament  fnim  it,  becomes  the 

Hfnall  sitperfii'iai  petroml  nerve.     This   nerve  enters   tiie  skull   through   a  small 

aperture  situated  external  to  the  hiatus  Fallopii  on  the  anterior  surface  of  the 

petrous  bone,  courses  forward  across  tlie  base  of  the  skull,  and  emerges  through 

the  petro-sphenoida!  fissure  or  a  foramen  in  the  great  wing  of  the  sphenoid,  and 

joins  the  otic  ganglion. 

The  carotid  branches  descend  along  the  trunk  of  the  internal  carotid  artery 
as  far  as  its  commencement,  communicating  with  the  pharyngeal  branch  of  the 
pueumogas^tric  and  with  branches  of  the  sympathetic. 

The  pharyngeal  brancbes  are  three  or  four  filaments  which  unite  opposite  the 
Middle  constrictor  of  the  pharynx  with  the  pharyngeal  branches  of  the  pneurao- 
gastric, the  external  laryngeal,  and  sympathetic  nerves  to  form  the  pharyngeal 
plexus,  branches  froui  which  perforate  the  muscular  coat  of  the  pharynx  to  sup- 
ply the  muscles  and  mucous  membrane. 

The  muscular  branch  is  distributed  to  the  Stylo-pharyngeus. 

The  tonsillar  branches  supply  the  tonsil,  forming  a  plexus  (circuha  tonmllana) 
around  this  body,  from  which  branches  are  distributed  to  the  soft  palate  and 
fauces,  where  they  communicate  with  the  palatine  nerves. 

The  lingual  branchea  (terminal)  are  two:  one  supplies  the  circumvailate  papillae, 
the  mucous  membrane  covering  the  base  of  the  tongue,  and  the  anterior  surface 
of  the  epiglottis;  the  other  supplies  the  mucous  memhrane  of  the  side  of  the 
tongue  for  about  one-half  its  length. 
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Tenth  Pair  iVxp^.  491,  492). 

The  Tentli  or  Pneiimogaatric  Nerve  {nenms  vagtts  or  par  vagum)  has  a  more 
extensive  distribution  tbiui  any  of  the  other  cranial  nerves,  passiBg  through  the 
neck  and  thorax  to  the  upper 
part  of  the  abdomen.  It  is  Qiiu^o-phargn^mt. 
composed  of  both  motor  and  Pn^fMgtuiric.^ 
sensory  fibres.  It  supplies  the  ^'^««««»n^*i 
orjI^^anH  of  voice  an<l  respiration 
with  motor  and  sensory  fibres, 
and  the  pharynx,  cesophagus, 
stomach,  and  heart  with  motor 
fibres.  Its  superfirmt  origin  is 
by  eight  or  ten  ii  hi  men  Is  froiu 
the  groove  between  the  olivary 
and  the  restiform  body  below 
the  glosso-pharyngeal ;  its  iieep 
origin  may  be  trace*!  tiiroiigh 
the  fasciculi  of  the  mednlhi  to 
its  nucleus  of  gray  matter  in  the 
lower  part  of  the  fioor  of  the 
fourth  ventricle  beneath  the  ala 
cinerea  below  and  continuous 
with  the  nucleus  of  origin  of 
the  glosso-phjiryugeah  The  ti!- 
am  cuts  become  united  and  form 
a  tiat  cord,  which  passes  outwartl 
beneath  the  flocculus  to  the  jug- 
ular foramen,  through  which  it 
emerges  from  the  cranium*  In 
passing  through  this  opening  the 
pneumogastric  accoru panics  the 
spinal  aeeessory,  being  contained 
in  the  same  sheath  of  dura  mater 
with  it,  a  membranous  septum 
separating  it  from  the  glosso- 
pharvngeal,  which  lies  in  front 
(Fig^  386).  The  nerve  in  this 
situation  presents  a  well-marked 
ganglionic  enlargement,  which  is 
called  the  jugular  gangUofh  or 
the  ganglion  </  the  root  f*/  the 
piteumogagfrif :  to  it  the  acces- 
sory part  of  the  spinal  accessory 
nerve  is  connected  by  one  or  two 
filaments.  After  the  exit  of  the 
nerve  from  the  jugular  foramen 
the  nerve  is  joined  by  the  acces- 
sory portion  of  the  spinal  acces- 
sory, and  enbirgcd  into  a  second 
gangliform  swelling,  called  the 
ganglion  infer i us ^  or  the  gan- 
glion of  the  trunk  of  the  nerve, 
over  which  the  fibres  of  the  spi- 
nal accessory  pass  unchanged, 
being  principally  distributed  to  the  pliaryngeal  and  superior  laryngeal  branches 
of  the  vagus;  but  some  of  the  filaments  from  it  are  continued  into  the  trunk  of 


Fio.  4i>2.— Toiirse  and  rtiatiibutlon  of  thtj  Dinth*  tenth, 
fleventli  ntTves, 


und 
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the  vagus  below  the  ganglion,  to  be  distributed  with  the  recurrent  laryngeal 
nerve,  and  probably  also  with  the  cardiac  nerves.  The  nerve  passes  vertically 
down  the  neck  within  the  sheath  of  the  carotid  vessels  lying  between  the  internal 
carotid  artery  and  internal  jugular  vein  as  far  as  the  thyroid  cartilage,  and  then 
between  the  same  vein  and  the  common  carotid  to  the  root  of  the  neck.  Here 
the  course  of  the  nerve  hecoineK  diflTerent  on  the  two  sides  of  the  body. 

On  the  rifjht  side  the  nerve  passes  across  the  subclavian  artery  between  it  and 
the  right  innominate  vein»  and  descends  by  the  side  of  the  trachea  to  the  back  part 
of  the  root  of  the  lung,  where  it  spreads  out  in  a  pdexifurm  network  {posterior  puU 
THonaj'i/),  from  the  lower  part  of  which  two  cords  descend  upon  the  oesophagus,  on 
,  which  they  divide,  forming,  with  branches  from  the  opposite  nerve,  the  oesophageal 
plexus  (/j/^'j^rtw  gula*);  below,  these  branches  are  collected  into  a  single  cord,  which 
runs  along  the  back  part  of  the  cesophagus,  enters  the  abdomen,  and  is  distributed 
to  the  jjosterior  surface  of  the  stomach,  joining  the  left  side  of  the  solar  plexus,  and 
sending  filaments  to  the  splenic  plexus  and  a  considerable  branch  to  the  coeliac 
plexus. 

On  the  left  m'de  the  pneumogastric  nerve  enters  the  chest  between  the  left 
carotid  and  subclavian  arteries,  behind  the  left  lunominate  vein.  It  crosses  the 
arch  of  the  aorta  and  descends  behind  the  root  of  the  left  lung,  fomiing  thQ  poste- 
rior pulmonarif  pirjrm,  and  along  the  anterior  surface  of  the  oesophagus,  where  it 
unites  with  the  nerve  of  the  right  side  in  forming  tlie  plexus  gtda\  to  the  stomach, 
distributing  branches  over  its  anterior  surface,  some  extending  over  the  great 
eui'de-sae^  and  others  along  the  lesser  curvature.  Filaments  from  these  branches 
enter  the  gastro*hepatic  omentum  and  join  the  hepatic  plexus. 

The  ijangUon  of  tfu'  root  is  of  a  grayish  color,  circular  in  fonn,  about 
two  lines  in  diameter,  and  resembles  the  ganglion  on  the  large  root  of  the  fifth 
nerve. 

Connecting  Branehes, — To  this  ganglion  the  accessory  portion  of  the  spinal 
accessory  nerve  is  connected  by  several  delicate  filaments;  it  also  has  a  communi- 
cating twig  with  the  petrous  ganglion  of  the  glosso-pharyngeal.  with  the  facial 
nerve  by  means  of  its  (the  ganglioirs)  auricular  branch,  and  with  sympatlietic 
by  means  of  an  ascending  filament   from   the  superior  cervical   ganglion. 

The  gmiglkm  of  the  tntnk  (inferior)  is  a  plexiform  cord,  cylindrical  in 
form,  of  a  reddish  color,  and  about  an  inch  in  length  ;  it  involves  the  whole 
of  the  fibres  of  the  nerve,  and  passing  through  it  is  the  accessory  portion  of 
the  spinal  accessory  nerve,  which  bleiids  with  the  pneumogastric  below  the 
ganglion,  and  is  then  principally  continued  into  its  pharyngeal  and  superior 
lary n  geal  !:* r a  n  c h cs , 

'Connecting  Brttnefie^. — This  ganglion  is  connected  with  the  hypoglossal,  the 
superior  cervical  ganglion  of  the  sympathetic,  and  the  loop  between  the  first  and 
second  cervical  nerves. 

The  branehes  of  the  pneumogmtric  are — 


In  the  jugular  fossa 


In  the  neck 


In  the  thorax 


In  the  abdomen  . 


Meningeal, 
Auricular. 
Pharyngeal. 
Superior  laryngeal. 
Recurrent  laryngeal. 
Cervical  cardiac. 
Thoracic  cardiac. 
Anterior  pulmonary. 
Posterior  pulmonary, 
^(Esophageal. 
Gastric, 


The  meningeal  branch  is  a  recurrent  branch  given  ofl'  from  the  ganglion  of  the 
root  in  the  jugular  foramen.  It  passes  backward,  and  is  disti'ihuted  to  the  dura  mater 
covering  the  posterior  fossa  of  the  base  of  the  skull. 
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The  auricular  branch  {Arnolifs)  arises  from  the  ganglion  of  the  root,  and  is 
joinod  soon  after  its  origin  by  a  filament  from  the  petrous  ganglion  of  the  glosso- 
pharyngeal;  it  passes  outward  behind  the  jugular  vein,  and  enters  a  i^mall  canal 
on  the  outer  wall  of  the  jugular  fossa.  Traversing  the  substance  of  the  temporal 
hone,  it  crosses  the  aijueduetus  Fallopii  about  two  lines  above  its  termination  at 
the  stylo-mastoid  foramen  ;  here  it  gives  off  an  ascending  branch,  which  joins  the  J 
facial:  the  continuation  of  the  nerve  reaches  the  surface  by  passing  through  the 
auricular  fissure  between  the  o^astoid  process  find  the  external  auditory  meatus,  and 
divides  into  two  branches,  one  of  which  cimmiunicates  with  the  posterior  auricular 
nerve,  while  the  otber  supplies  the  integument  at  the  back  part  of  the  pinna  and 
the  posterior  part  of  the  external  auditory  meatus. 

The  pharyngeal  branch,  the  princi]*al  motor  nerve  of  the  pharynx,  arises  from 
the  upper  part  of  the  inferior  ganglion  uf  the  pneumogastric.  It  consists  principally 
of  filaments  fr<un  the  accessory  portion  of  the  spinal  accessory  :  it  passes  across 
the  internal  carotid  artery  (in  front  or  behind)  to  the  upper  border  of  the  Middle 
constrictor,  where  it  divides  into  numerous  filaments,  which  join  with  those  from 
the  glosso-pharyngeal,  superior  laryngeal  (its  external  branch),  and  sympathetic, 
to  form  the  pi  laryngeal  plexus,  from  wbieb  branches  are  distributed  to  ibf  musclea 
and  mucous  membrane  of  the  pharynx  and  the  muscles  of  the  soft  palate.  From 
the  pharyngeal  plexus  a  minute  filament  {lingua}  branch)  is  given  off,  which 
descends  and  joins  the  hypoglossal  nerve  as  it  winds  round  the  occipital  artery. 

The  superior  laryngeal  is  the  nerve  of  sensation  U^  the  larynx.  It  is  larger  than 
the  [(receding,  and  arises  from  the  middle  of  the  inferior  ganglion  of  the  pneumo- 
gastric.  It  consists  princi]>ally  of  filaments  from  the  accessory  portion  of  the  spinal 
accessory.  In  its  course  it  receives  a  branch  from  the  superior  cervical  ganglion 
of  the  sympathetic.  It  descends  by  the  side  of  the  pliarynx  behind  the  internal 
carotid,  where  it  divides  iuto  two  branches,  the  external  and  internal  laryngeal. 

The  ejdernal  lan/n(^eal  branek^  the  smaller,  descends  by  the  side  of  the  larynx, 
beneath  the  Sterno-thyroid,  to  supply  the  Crico-thyroid  muscle.     It  gives  branches  , 
to  the  pharyngeal  plexus  and  the  Inferior  constrictor,  and  communicates  with  the 
superior  cardiac  nerve,  behind  the  common  carotid. 

The  intern  til  hirf/Hf/ral  l*ranch  descends  to  the  opening  in  the  thyro^hyoid 
membrane,  through  which  it  passes  with  the  superior  laryngeal  artery,  and  is 
distributed  to  themuctui.s  membrane  of  the  larynx.  A  small  branch  connnunicates 
with  the  recurrent  laryngeal  nerve.  The  branches  to  the  mucous  membrane  are 
distributed,  some  in  front  to  the  efuglottis,  the  base  of  the  tongue,  and  the 
epiglottidean  glands  ;  while  others  ])ass  backward,  in  the  aryteno-epiglottidean 
fold,  to  supply  the  mucous  membriine  surrounding  the  sufierior  orifice  of  the 
larynx,  as  well  as  the  membrane  which  lines  the  cavity  of  the  larynx  as  low  down 
as  the  vocal  cord.  The  filament  which  joins  with  the  recurrent  laryngeal  descends 
beneath  the  mucous  membrane  on  the  inner  surface  of  the  thyroid  cartilage,  where 
the  two  nerves  become  united. 

The  inferior  or  recurrent  laryngeal,  so  called  from  its  reflecteil  course,  is  the 
motor  nerve  of  the  larynx.  It  urises  on  the  right  sitle,  in  front  of  tiie  subclavian 
artery;  winds  from  before  backward  round  that  vessel,  and  ascends  obliijuely  to 
the  side  of  the  trachea,  behind  the  common  carotid  and  behind  or  in  front  of  the 
inferior  thyroid  artery.  On  the  left  side  it  arises  in  front  of  the  arch  of  the 
aorta,  and  winds  from  before  backward  round  the  aorta  just  beyond  where  the 
remains  of  the  ductus  arteriosus  are  connected  with  it,  ancl  then  ascends  to  tlie 
side  of  the  trachea.  The  nerves  on  both  sides  ascend  in  the  groove  between  the 
trachea  and  oesophagus,  and,  passing  under  the  lower  border  of  the  Inferior  con- 
strictor muscle,  enter  the  larynx  behiml  the  articulation  of  the  inferior  cornu  of 
the  thyroid  cartilage  with  the  cricoid,  beiiig  distributed  to  all  the  muscles  of  the 
larynx,  except  the  Crieo*ti»yroid.  It  communicates  with  the  Superior  laryngeal 
nerve  and  sends  twigs  to  the  mucous  membrane  below  the  true  cords.  The  recur- 
rent laryngeal,  as  it  winds  round  the  subclavian  artery  and  aorta,  gives  off 
several  cardiac  filaments,  which  unite  with  the  cardiac  branches  from  the  pneu- 
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moga«tric  and  sympathetic.  As  it  ascends  in  tbe  neck  it  gives  tiff  oDsopliageal 
branches,  more  numerous  on  the  left  than  r»n  tbe  right  side,  wliich  supply  the 
mucous  membrane  and  muscular  coat  of  the  fesophagus  ;  tracheal  branches  to  the 
mucous  membrane  and  muscular  fibres  of  the  trachea :  and  some  pharjTigeal 
filaments  to  t!ie  Inferior  constrictor  of  the  pharynx. 

The  cervical  cardiac  branches,  two  or  three  in  number,  arise  from  the  pneumo- 
gastric,  at  the  upper  and  lower  piirt  of  the  neck. 

The  superior  branches  are  &uia!l,  and  oomuiunieate  with  the  cardiac  branches 
of  the  sympathetic.     They  can  be  traced  to  the  great  or  deep  cardiac  plexus. 

The  inferifjr  branches^  one  on  each  side,  arise  at  the  lower  part  of  the  neck, 
just  above  the  first  rib.  On  the  right  side  this  brancli  passes  in  front  or  by  the 
side  of  the  arteria  irinominata^  and  communicates  with  one  of  the  cardiac  nerves 
proceeding  to  the  great  or  deep  cardiac  plexus.  On  the  left  side  it  passes  in  front 
of  the  arch  of  tbe  aorta  and  joins  the  superficial  cardiac  plexus. 

The  thoracic  cardiac  branches,  on  the  right  side,  arise  from  the  trunk  of  the 
pneumogastric  as  it  lies  by  the  nide  of  the  trachea,  and  from  its  recurrent  laryngeal 
branch,  but  on  tbe  left  side  from  the  recurrent  nerve  only;  passing  inward,  they 
terminate  in  the  deep  cardiac  plexus. 

The  antBiior  pulmonary  branches,  two  or  three  in  number,  and  of  small 
size,  are  distributed  on  the  anterior  aspect  of  the  root  of  the  lungs.  They  join 
with  filaments  from  tbe  sympatbetic,  and  form  the  unterhr  pidmommf  pleTUS. 

The  posterior  pulmonary  branches,  more  numerous  and  larger  than  tbe  anterior, 
are  distributed  on  the  posterior  aspect  of  tbe  root  of  the  lung,  some  filaments 
going  to  the  pe  near  (hum  ;  they  are  joined  by  filaments  from  the  third  ami  fourth 
(sometimes  also  first  and  second)  thoracic  ganglia  of  tbe  sympathetic,  and  form 
the  posterior  pulmonart/  plexus.  Branches  from  both  jilexuses  accompany  the 
ramification  of  the  air-tubes  through  the  substance  of  the  lungs. 

The  oesophageal  brancliea  are  given  08*  from  the  pneumogastric  both  above 
and  below  the  pulmonary  branches.  The  lower  are  more  numerous  and  larger 
than  the  upper.  They  form,  togetber  with  branches  from  tbe  opposite  nerve,  the 
ceeopJtatjeaf  plexus^,  or  plexus  fjuhr^  which  also  sup]>lit\s  the  peri canhum. 

The  gastric  branches  are  the  terminal  filaments  of  tbe  pneumogastric  nerve. 
The  nerve  on  the  right  side  is  distributed  to  the  posterior  surface  of  the  stomach* 
and  joins  the  left  side  of  the  cadiac  plexus  and  the  splenic  plexus.  Tbe  nerve 
on  the  left  side  is  distributed  over  the  anterior  surface  of  the  stomach,  some 
filaments  passing  across  the  great  eul'de'Sae^  and  others  along  the  lesser  curvature. 
They  unite  with  brancbes  of  the  right  nerve  and  w  ith  the  sympathetic,  some  fila- 
ments passing  through  the  lesser  omentum  ta  tbe  hepatic  plexus. 

Surgical  Anatomy. — The  Inryiig^eal  uervi's  are  of  crmsiilernhlo  im|Hjrtantv  In  eousiJermir 
some  of  tht^  iiinrl/nl  iMmditionsof  tlio  larynx,  Wluij  the  iRTipluTal  ttraiiruui«aisiif  the  superior 
laryngeal  ut^rve  nra  irritated  by  sniue  tureigii  Ixjily  [>ii,ssiaL^  over  tbeni.  retiex  .H|)iism  at*  the  plotiis 
is  tbe  result.  ^Vile1l  the  trunk  of  this  Siiiiie  nerve  is  pres^ied  ujion  by,  for  iusttinoe,  a  iroitre  or 
an  aneurism  of  (lie  upper  part  of  tlie  curutidi  wu  hnve  n  peoiiliar  dry,  brassy  rouL^h.  When  the 
nerve  is  paralyzed,  we  havtf  anaesthesia  of  the  mucous  membrani^  oi'  the  lar>'nx,  s<»  tlutt  furet^m 
bodies  can  readily  enter  ibe  cavity,  and,  in  eunse<fHciioe  of  it-8  8a|>|)lyintr  tlieerie«t-tbyroid  muscle, 
the  vocal  cords  cannot  be  ma^le  tense,  and  the  voice  is  deej*  and  lioarse.  Paralysis  of  the 
superior  laryngeal  nerves  may  Ix^  the  re-snlt  of  bulbar  panvlysis,  may  he  a  sequel  to  (b|>hthena, 
when  both  nerves  are  usually  involved,  or  it  may,  thoujirh  les^s  commoidy.  he  caiii^ed  by  the 
pressure  cd'  tumors  or  aneurisms*  when  the  jfiaralystH  is  L^euendly  unilateral  Irritation  of  the 
mferior  iar>ii|real  nerves  i>r*jdoces  spa.sm  of  the  nnrst-les  of  the  larynx.  When  both  these 
recurrent  nerves  are  |iamlyzed,  the.  vocal  cords  are  motionless,  in  the  so  called  '*  cadaverie  pos*!- 
tion  "—that  k  to  say.  in  the  jiosition  in  which  they  are  lunnd  in  ordinary  tninfiuil  respiration^  , 
neither  closed  as  in  phonation,  nor  open  at*  in  deep  in8pinitor>^  eft'ort^,  \^'hen  one  recurrent 
nerve  m  jvaralyzed,  the  cord  of  tbe  Mine  8ide  is  motiikn!e-ss,  while  the  opposite  one  crosses  the 
middle  line  to  acenmnjodate  iti^elf  to  ihe  affected  one;  hence  idiotiation  is  present,  hut  the  voice 
is  altered  and  weak  in  timbre.  The  j'eenrrent  laryngeal  nerves  uiay  he  paraiyzed  m  bulbar  1 
panilysis  or  after  diphtheria,  when  it  tisoally  affects  notdi  sides;  or  they  may  be  affected  by  the 
pressun?  of  aneurinms  of  tlie  aorta,  innominate  or  suLtclavian  arteries  ;  by  niediastina!  tamoi-s  ; 
by  bronchoecle  ;  or  by  cancer  of  the  upper  part  of  the  oesophagus^  when  the  paralysis  is  ol\eti 
unilateral 


Tilt'  lleventh  or  Spinal  Accessary  Nerve  consists  of  two  parts^ — one  the  acces- 
sory part  to  the  vagus,  and  the  other  the  spinal  portion. 

The  accessory  part  is  the  smaller  of  the  two.  Its  superfieiai  orlfjin  is  bj  four 
or  five  delicate  filaments  from  the.^ide  of  the  medulla,  below  the  roots  of  the  vagus. 
Its  deep  origin  may  be  traced  to  a  nucleus  of  gray  matter  in  the  medulla,  just 
<lorgal  to  the  lower  third  of  the  olive  and  dordo-lateral  to  the  hypoglossal 
nuclens.  It  passes  outward  to  the  jugular  foramen,  where  it  joins  with  the 
spinal  portion,  and  is  conneetei  with  the  upj^er  ganglion  of  the  vague  by  one  or 
two  filaments.  It  then  separates  from  the  spinal  portion,  pa^vses  through  the 
foramen,  and  is  continued  over  but  adherent  to  the  surface  of  the  inferior  gan- 
glion, or  ganglion  of  the  trunk  of  the  vagus,  to  be  distribtited  principally  to  the 
pharyngeal  and  superior  laryngeal  branches  of  the  pnenmogastric.  Through  the 
pharyngeal  branch  it  probably  supplies  the  muscles  of  the  soft  palate  (see  page 
425),  Some  few  filaments  from  it  are  continued  into  the  trunk  of  the  vagus 
below  the  ganglion,  to  be  distributed  with  the  recurrent  laryngeal  nerve  and 
probably  also  with  the  cardiac  nerves. 

The  spinal  portion  is  firm  in  texture.  Its  superficial  origin  is  hy  several  fila- 
ments from  the  lateral  tract  of  the  cord,  as  low  down  as  the  sixth  cervical  nerve. 
Its  deep  origiit  may  be  traced  to  the  interraedio-lateral  tract  (lateral  horn)  of  the 
gray  matter  of  the  cord,  where  it  forms  a  column  of  cells  reaching,  above,  to  the 
lower  end  of  the  nucleus  of  the  accessory  part  of  the  nerve.  This  portion  of  the 
nerve  ascends  between  the  ligamentum  denticu latum  and  the  posterior  roots  of 
the  spinal  nerves,  enters  the  skull  through  the  foramen  magnum,  ami  is  then 
directed  outward  to  the  jugular  foramen,  through  which  it  passes,  lying  in  the  same 
sheath  as  the  pneumogastric,  but  separated  from  it  by  a  folil  of  the  arachnoid.  In  the 
jugular  foramen  it  joins  with  the  accessory  portion.  At  its  exit  from  the  jugular 
foramen  it  passes  backward,  either  in  front  of  or  l)ehind  the  internal  jugular  vein, 
and  descends  oblitjuely  behind  the  Digastric  and  *Stylo-hyoid  muscles  to  the  upper 
part  of  the  Sterno-mastoid.  It  jiierces  that  muscle,  and  passes  obliquely  across 
the  occipital  triangle,  to  terminate  in  the  deep  surface  of  the  Trapezius.  This 
nerve  gives  several  branches  to  the  Sterno-mastoid  during  its  passage  through  it, 
and  joins  in  its  substance  with  branches  from  the  second  cervical,  which  supply 
the  muscle.  In  the  occi|)ital  triangle  it  joins  with  the  second  and  third  rervical 
nerves  and  assists  in  the  formation  of  the  cervical  plexus.  Beneath  the  Trapezius 
it  joins  with  the  third  and  fourth  cervical  nerves  to  form  a  sort  of  plexus,  from 
which  fibres  are  distributed  to  the  muscle. 

Surgical  Anatomy. — In  caiw^s  of  spasmodic  tortieollia  in  which  all  nalliative  trejitment  has 
failiitU  (livisiun  ur  exL'isiou  of  a  j>urrit>ri  of  the  simujiI  aet'essiory  nerve  has  Deeu  rcstirtt^d  to.  This 
may  he  done  either  alotiir  the  anterior  or  posterior  bord or  of  the  8terno-Tiiastoid  raas<'Ie.  The 
former  operatiou  is  iterformi^d  by  iiiakiuir  an  ineisif>n  from  the  iipex  cd'  the  nja^irMid  ]>rcicess, 
three  inches  iu  length,  along  the  anteri<*r  border  of  the  Stenio-aiastoid  muscle.  The  anterior 
border  of  the  miwde  is  ilefined  and  pulled  haekwnrd,  so  as  to  strelrli  the  nerve,  which  i^  then  to 
he  stought  for  beneath  the  DigiL^^trie  muscle,  about  two  i aches  Ir4jw  the  apex  id'  rhe  mastoid 
process.  The  other  operation  consists  in  nmkinjLr  an  incision  uionp  the  posterior  Iwtnler  uf  the 
muscle,  so  that  the  centre  of  the  incision  c(irrL'S|M>iid»  to  the  middle  uf  this  tmr^icr  id'  the  mus- 
cle. The  sujHjrficial  structun»s  havinc  l^een  iliviiled  and  the  border  of  the  nmscle  flefined,  the 
nerve  is  to  be  souirht  for  as  it  emerifcs  from  the  niiisclc  to  cross  the  Oi/cipital  trtan^de.  When 
found,  it  is  to  he  traced  upward  ihroutrh  the  nmscle,  :inrl  n  portion  cd'  it  excised  a  In  »ve  the  j>omt 
where  it  gives  off  its  branches  to  the  8terno-miistoid.  In  this  oiienvtion  one  of  the  <ics«:euding 
hranchejs  of  the  sajxrlicial  cervical  plexus  is  liable  to  be  u*istaken  tor  the  nerve. 

Twelfth  Pair  (Fig.  493). 

The  Twe^th  or  Hypoglossal  Nerve  is  the  motor  nerve  of  the  tongue.  Its 
superficial  origin  is  by  several  filaments,  from  ten  to  fifteen  in  nnmber,  from  the 
groove  between  the  pyramid  and  olivary  body,  in  a  eontintious  line  with  the 
anterior  roots  of  the  spinal  nerves.  Its  deep  origin  can  be  traced  to  a  nucleus  of 
gray  matter  lying  under  the  lower  part  of  the  fasciculus  teres  (trigontim  hypo- 
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CoiHrntinicatton  betwftn  int  and  id 
Ceri'tcal  y<erves  and  ffypogtotaeU 


/ 


-Hypofftouai 


Iglofisi)  in  the  floor  of  the  fourth  ventricle,  and  extending  downward   into  the 
closed  portion  of  the  medulla*     The  filaments  of  this  nerve  are  collected  into  two 

bundles  which  perforate  the  dura 
mater  separately,  opposite  the  an- 
terior condyloid  foramen,  and 
unite  together  after  their  passage 
through  it.  In  those  cases  in 
whieh  the  anterior  condyloid  for- 
iinien  in  the  occipital  lione  ia 
double  these  two  portions  of  the 
nerve  are  separated  by  the  small 
piece  of  bone  which  divides  the 
foramen.  The  nerve  descends  al- 
most vertically  to  a  point  corre* 
sponding  with  the  angle  of  the 
jaw.  It  is  at  first  deeply  seated 
111:=:^^^  I  W  Nwk      /  beneath  the  internal  carotid  artery 

and  internal  jugular  vein,  and  in- 
timately connected  with  the  pneu- 
mogastric  nerve :  it  then  pasises 
forward  between  the  vein  and 
artery,  and  lower  down  in  the 
neck  becomes  su|>er{icial  below 
the  Digastric  muscle.  The  nerve 
then  loops  round  the  occipital 
artery^  the  sterno-mastoid  branch 
of  which  liooks  over  the  nerve, 
and  crosses  the  external  carotid 
and  its  lingual  branch  below  the 
tendon  of  the  Digastric  muscle. 
It  then  passes  beneath  the  tendon  of  the  digastric,  the  stylo-hyoid,  and  the  Mylo- 
hyoid muscles,  lying  on  the  Ilyo-glossus,  accompanied  by  the  ranine  vein,  and 
et>mmunicatea  at  the  anterior  border  of  the  latter  muscle  with  the  lingual  (gusta- 
tory)  nerve ;  it  is  then  continued  forward  in  the  fibres  of  the  Genio-byo-glossus 
muscle  as  far  as  the  tip  of  the  tongue,  distributing  branches  to  its  substance. 
The  branches  of  eommunication  are — with  the 


Mypoglotti 


Nrrvf  to 
Infra4i\toid  MuitcU^ 

.  403.— Plan  of  eommUTileanteB  And  de^cendena  hypo- 
i  nerves. 


Pneumogastric. 
Sympathetic. 


First  and  Second  Cervical  Nerves. 
Lingual  (gustatory). 


The  first  mentioned  takes  place  close  to  the  exit  of  tlie  nerve  from  the  skull, 
numerous  filaments  passing  between  the  hypoglossal  and  lower  ganglion  of  the 
pneumogastric  through  the  mass  of  connective  tissue  which  here  unites  the  two 
nerves*  It  also  comiuunicates  with  the  pharyngeal  plexus  by  a  minute  filament 
as  it  winds  round  the  occipital  artery  (h'nf/Uid  hranfhj  see  page  H21). 

The  communication  with  the  sympathetic  takes  place  opposite  the  atlas  by 
branches  derived  from  the  superior  cervical  ganglion,  and  in  the  same  situation 
the  nerve  is  joined  by  filaments  derived  from  the  loop  connecting  the  first  two 
cervical  nerves. 

The  communication  with  the  lingual  (gustatory)  takes  place  near  the  anterior 
boKlcT  of  the  llyo-glossus  muscle  by  numerous  filaments  which  ascend  upon  it. 

The  bran  ekes  of  dhtrtlmtiou  are — ^the 


Meningeal. 
Descendens  hypoglossi. 


Thyro-hyoit 

^luscular. 


Meningeal  Branches.^ As  the  hypoglossal  nerve  passes  through  the  anterior 


condyloid  foramen  it  gives  off,  according  to  Lasclika^  several  filaments  (reeurrent) 

to  the  dura  muter  in  tbe  posterior  fossa  of  the  base  base  of  the  skull. 

The  descendena  hypoglassi  is  a  long  slender  branch  which  t|uits  the  hypoglossal 
where  it  turns  round  the  occipital  artery.  It  descends  nblii[yely  across  the  sheath 
of  the  carotid  vessels,  and  joins  the  commonicating  branches  from  the  second  and 
third  cervical  nerves,  just  below  the  middle  of  tbe  neck,  to  form  a  loop.  From  the 
convexity  of  this  loop  branches  pass  forward  to  supply  the  Sterno-hyoid,  8terno* 
thyroid,  and  both  bellies  of  tbe  Omo-hyoid,  According  to  Arnokl  another  filament 
descends  in  front  of  the  vessels  into  the  chest  and  joins  the  cardiac  and  phrenic 
nerves.  The  descendens  hypoglossi  is  occasionally  contained  in  the  sheath  of  the 
carotid  vessels,  being  sometimes  placed  over,  and  sometimes  beneath,  the  internal 


Fig.  494.— nypoglofiMal  tierve,  cervical  pl<>2us,  and  thctr  bratiehc^. 

jugular  vein.  The  fibres  of  this  nerve  are  chiefly  derived  from  the  first  and 
second  cervical  nerves  by  means  of  the  filaments  of  communication  already  men- 
tioned. 

The  thyro-hyoid  is  a  small  branch  arising  from  the  hypoglossal  near  the  poste- 
rior border  of  the  Hyo-glossus ;  it  jmsses  obliijnely  across  the  great  cornu  of  the 
hyoid  bone  and  supplies  the  Thyro-hyoid  muscle. 

The  muscular  branches  are  distributed  to  the  8tyb>glossns,  Hyo-glossus,  Genio- 
hyoid, and  Geiiio-hyo-glossiis  muscles.  At  the  under  surface  of  the  tongue  numer- 
ous slender  branches  pass  upward  into  the  substance  of  the  organ  to  supply  its 
muscular  structure. 


tun 


Surgical  Anatomy. — The  hypoglossal  nerve  is  an  important  ^ruide  in  the  operation  of  liga- 
cjf  the  lingual  artery  (see  ptige  553). 
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THE  SPINAL  NIEVES. 

The  spinal  nerves  are  so  ail  led  because  they  take  their  origin  from  the  spinal 
cord,  and  are  transmitted  through  the  intervertebral  foramina  on  either  side  of  the 
spinal  column.  There  are  thirty-one  pairs  of  spinal  nerves,  which  are  arranged 
into  the  following  groups,  corresponding  to  the  region  of  the  spine  through  which 
they  pass : 

Cervical 8  pairs. 

Dorsal 12     '"' 

Lumbar  , 5     " 

Sacral 5     '' 

Coccygeal 1  pair. 

It  will  be  observed  that  each  group  of  nerves  corresponds  in  number  with  the 
vertebnie  in  that  region,  except  the  cervical  and  coccygeaL 

Each  spinal  nerve  arises  by  two  roots,  an  anterior  or  motor  root,  and  a  pos- 
terior or  sensory  root. 

Roots  of  the  Spinal  Nerves. 

The  Anterior  Boots, — The  superfivial  urit/m  is  from  a  somewhat  irregular  series 
of  depressions  which  map  out  a  longitudinal  area  0|)posite  the  anterior  cornu  of 
gray  matter  on  the  antero-hiteral  column  of  the  spinal  cord,  gradually  approach- 
ing toward  the  anterior  median  fissure  as  they  descend.  To  the  deep  origin  the 
fibres  can  be  traced  through  the  an tero- lateral  column  ;  the  roots,  after  penetrat- 
ing horizontally  througb  the  longitudinal  fibres  of  this  tract,  enter  the  gniy  sub- 
stance of  the  anterior  cornu,  where  their  fibrils  diverge  in  several  directions: 
some,  passing  inward^  are  continued  across  the  anterior  commissure  in  front  of 
the  central  canal,  to  become  continuous  with  the  axis-cylinder  processes  of  the 
large  cells  of  the  anterior  cornu  of  the  opposite  side;  others  terminate  in  the 
mesial  group  of  cells  of  the  anterior  column  of  the  same  side;  other  fibrils  pass 
outward^  some  to  become  continuous  with  ibe  axis-cylinder  processes  of  the  group 
of  cells  in  the  lateral  part  of  the  anterior  column  ;  and  others  enter  the  lateral 
column  of  the  same  side,  where,  turning  upward,  they  pursue  their  course  as 
longitudinal  fibres.  The  remaining  fibrils  pass  hiu*kward  to  the  posterior  born, 
where  they  are  continuous  with  the  axis-cylinders  of  the  cells  at  the  base  of  the 
posterior  cornu. 

The  Posterior  Roots. — The  superficial  origin  is  from  the  postero-lateral  fissure 
of  the  cord.  The  dvep  origin  is  from  the  gray  substance  of  the  posterior  cornu, 
either  directly  through  the  substantia  gelatinosa,  or  indirectly,  by  first  passing 
thnmgb  the  white  matter  of  the  posterior  column  and  winding  round  in  front  of 
the  caput  cornu.  Those  which  enter  the  gray  matter  at  once  for  the  most  part 
turn  upward  and  downward,  and  become  continuous  with  the  fine  nerve-plexus  in 
the  central  portion  of  the  gray  matter ;  some  few  fibres  pass  transversely  through 
the  posterior  commissure  to  the  opposite  side,  and  others  into  the  anterior  cornu 
of  the  same  side.  Those  fibres  which  enter  the  gray  matter  in  front  of  the  caput 
cornu  reach  the  posterior  vesicular  column  (Clark's  column)  and  blend  with  it,  a 
few  fibres  passing  through  it,  to  become  longitudinal  in  the  pQsterior  column  of 
the  cord. 

The  anterior  roots  are  smaller  than  the  posterior,  devoid  of  ganglionic  enlarge- 
ment, and  their  component  fibrils  are  collected  into  two  bundles  near  the  inter- 
vertebral foramina. 

The  pmb:rior  rmt»  of  the  nerves  are  larger,  but  the  individual  filaments  are 
finer  and  more  delicale  than  those  of  the  anterior.  As  their  component  tibrils 
pass  outward,  toward  the  aj>erture  in  the  dura  mater,  they  coalesce  into  two  bun- 
dles, receive  a  tubular  sheath  from  that  membrane,  and  enter  the  ganglion  which 
is  developed  upon  each   root. 

The  posterior  root  of  the  first  cervical  nerve  forms  an  exception  to  these  cha- 
racters. It  is  smaller  than  the  anterior,  has  frecjuently  no  ganglion  developed 
u]>on  it,  and  when  the  ganglion  exists  it  is  often  situated  within  the  dura  mater. 
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Ganglia  of  the  Spmal  Nerves. 

A  gaBglion  is  developed  upon  the  posterior  root  of  each  of  the  spinal  nerves. 
These  ganglia  are  of  an  oval  fonn  and  of  a  reddish  color ;  they  bear  a  proportion 
io  size  to  the  nerves  upon  which  thej  are  formed,  and  are  placed  in  the  interver- 
tebral foramina,  external  to  the  point  where  the  nerves  perforate  the  dura 
mater.  Each  ganglion  is  bifid  internally,  where  it  is  joined  by  the  twTj  bundles 
of  the  posterior  root,  the  two  portions  being  united  into  a  single  mans  externally. 
The  ganglion  upon  the  first  and  second  cervical  nerves  forms  an  exception  to 
these  charactei'3„  being  placed  on  the  arches  of  the  verlebrrt?  over  which  the  nerves 
pass*  The  ganglia,  also,  of  the  sacral  nerves  are  pdaeed  within  the  spinal  canal ;  and 
that  on  the  coccygeal  nerve,  also  in  the  canal,  about  the  middle  of  its  posterior  root. 

Distribution  of  the  Spikal  Nerves, 

Immediately  beyond  the  ganglion  the  two  roots  coalesce,  their  fibres  inter- 
mingle, and  the  trunk  thus  formed  passes  out  of  the  intervertebral  foramen,  and 
divides  into  a  posterior  division  for  the  supply  of  the  posterior  part  of  the  b^idy, 
and  an  anterior  divic^ion  for  the  supply  of  the  anterior  part  of  the  body,  each  con- 
taining fibres  from  both  roots.  Before  division  each  trunk  gives  off  a  recurrent 
branch  to  the  dura  mater  of  the  cord- 

The  posterior  divisiong  of  the  spinal  nerves  are  generally  smaller  than  the 
anterior ;  they  arise  from  the  trunk  resulting  from  the  union  of  the  roots  in 
the  intravertebral  foramina,  and,  passing  backward,  divide  into  internal  and 
external  branches,  which  are  distributed  to  the  muscles  and  integument  beliind 
the  spine.  The  first  cervical,  the  fourth  and  fifth  sacral,  and  the  coccygeal 
nerves  are  exceptions  to  these  characters. 

The  anterior  divisions  of  the  spinal  nerves  supply  the  parts  of  the  body  in  front 
of  the  spine,  including  the  limbs*  They  are  for  the  most  part  larger  tlian  the 
posterior  divisions.  Each  division  is  connected  with  the  synipathetic  by  slender 
filaments  from  which  a  communicating  branch  runs  to  the  reeurrent  filament  from 
the  trunk.  In  the  dorsal  region  the  anterior  divisions  of  the  spinal  nerves  are 
completely  separate  from  each  other,  and  are  uniform  in  their  distribution  i  but 
in  the  cervical,  lumbar,  and  sacral  regions  they  form  intricate  plexuses  previous 
to  their  distribution. 


Points  of  EmergeDce  of  the  Spinal  Neryes, 

The  roots  of  the  spinal  nerves  from  their  origin  iti  the  cord  run  obliiiuely 
downward  to  their  point  of  exit  from  the  intervertebral  foramina,  the  amount  of 
obliquity  varying  in  different  regions  of  the  spine,  and  being  greater  in  the  lower 
than  the  upper  part.    The  level  of  their  emergence  from  the  cord  is  within  certain 
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limits  variable,  and  of  course  does  not  correspond  to  the  point  of  emergence  of 
the  nerve  from  the  intervertebral  foramina.  Tbe  preceding  table,  from  Mac- 
alister,  shows  as  accurately  as  ciui  be  shown  the  relation  of  these  points  of  origin 
from  the  spinal  cord  to  the  bodies  and  spinous  processes  of  the  vertebrae. 

THE  CEEVICAL  NEBVES. 

The  roots  of  the  cervical  nerves  incresise  in  size  from  the  first  to  the  fifth,  and 
then  remain  the  same  size  to  the  eighth.  The  posterior  roots  bear  a  proportion 
to  the  anterior  as  3  to  1,  which  is  much  greater  than  in  any  other  region,  the 
individual  filaments  being  also  much  larger  than  those  of  the  anterior  roots.  In 
direction  the  roots  of  the  cervical  are  less  oblique  than  those  of  the  other  spinal 
nerves.  The  first  cervical  nerve  is  directed  a  little  upward  and  outward;  the 
second  is  horizontal ;  the  others  are  directed  obliquely  downward  and  outward, 
the  lowest  being  the  most  oblitjue,  and  consequently  longer  than  the  upper,  the 
distance  between  their  place  of  origin  and  their  point  of  exit  from  the  spinal  canal 
never  exceeding  the  depth  of  one  vertebra. 

The  trunk  of  the  first  cervien!  nerve  {^uhoceipifji!)  leaves  the  spinal  canal  between 
the  occipital  bone  and  the  posterior  arch  of  the  atlas;  the  second,  between  the 
posterior  arch  of  the  atlas  and  the  Inmina  of  the  axis;  and  the  eighth  (the  last), 
between  the  last  cervical  and  first  (h:u>al  vcrtebne. 

Each  nerve,  at  its  exit  from  the  intervertebral  fi*ranien,  divides  into  a  posterior 
and  an  anterior  division.  The  anterior  divisions  of  the  four  upper  cervical  nerves 
form  the  cervical  plexus.  The  anterior  divisions  of  tbe  four  lower  cervical  nerves, 
together  with  the  first  dorsal,  form  tbe  brachial  plexus. 

Posterior  Divisions  of  the  Cervical  Nerves  (Fig.  495). 

The  posterior  division  of  the  first  cervical  {suhoectpitfif)  nerve  differs  from  the 
posterior  divisions  of  tlie  other  cervical  nerves  in  not  dividing  into  an  internal 
and  external  branch.  It  is  larger  than  the  anterior  division,  and  escapes  from  the 
spinal  canal  between  the  occipital  bone  nnd  the  posterior  arch  of  tbe  atlas,  lying 
behind  the  vertebral  artery.  It  enters  the  suboccipital  triangle  formed  by  tbe 
Rectus  capitis  posticus  major,  the  CMdiqiius  sujicrior,  and  Ohli([uus  inferior,  and 
supplies  the  Recti  and  Obliqui  muscles,  and  the  Complexus.  From  the  branch 
which  supplies  the  Inferioi-  obli<|!ie  a  filament  is  given  off  which  joins  the  secoml 
cervical  nerve.  This  nerve  also  occasionally  gives  off  a  cutaneous  filament,  which 
accompanies  the  occipital  artery  anrl  communicates  with  tbe  occipitalis  major  and 
minor  nerves. 

Tlje  posterior  division  of  the  second  cervical  nerve  is  three  or  four  times  greater 
than  the  anterior  division^  and  the  largest  of  all  the  posterior  cervical  divisions. 
It  emerges  from  the  spinal  canal  between  the  posterior  arch  of  the  atlas  and 
lamina  of  the  axis,  bebnv  tbe  Inferior  oblique.  It  stipplies  this  muscle,  and 
receives  a  communicating  filament  from  tlie  first  cervical.  It  then  divides  into  an 
internal  and  external  branch. 

The  inter nai  branch,  called,  from  its  size  and  distribution,  the  oceipltaiis  mujor^ 
ascends  obliquely  inwanl  between  the  Obliquns  inferior  and  Complexus,  and  pierces 
the  latter  muscle  and  tbe  Trapezius  near  their  attachments  to  tbe  cranium.  It  is  now 
joint'd  by  a  filament  {third  oanpit<iI)  from  the  posterior  division  of  the  third  ct*rvical 
nerve,  and,  ascending  on  the  hack  part  of  the  head  with  the  occipital  artery,  di- 
vides into  two  branches,  which  supply  the  integument  of  the  scalp  as  far  forward 
as  the  vertex,  communicating  with  the  occipitalis  minor.  It  gives  off  an  auricular 
branch  to  the  back  part  of  the  ear  and  muscular  branches  to  tbe  Complexus* 
The  ('Jtirrual  braneh  is  often  joined  hy  the  external  branch  of  the  posterior 
division  of  the  third,  andsup|dies  the  S|>lenius,  Trachelo-mastoid^  and  Complexus. 

The  posterior  division  of  the  third  cervical  is  smaller  than  tbe  preceding,  but 
larger  than  the  fourth ;  it  differs  from  tbe  posterior  divisions  of  the  remaining 
cervical  nerves  in  its  supplying  an  additional  filament,  the  third  occipital  nerve. 
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to  the  integument  of  the  occiput.  The  posterior  division  of  the  third  nerve,  like 
the  others,  divides  into  an  internal  and  external  branch.  The  internal  branch 
passes  between  the  Complexus  and  Semispinalis,  and,  piercing  the  Splenius  and 
Trapezius,  supplies  the  skin  over  the  latter  muscle ;  the  external  branch  joins  with 
that  of  the  posterior  division  of  the  second  to  supply  the  Splenius,  Trachelo-mas- 
toid,  and  Complexus. 

The  third  occipital  nerve  arises  from  the  internal  or  cutaneous  branch  beneath 
the  Trapezius ;  it  then  pierces  that  muscle,  and  supplies  the  skin  on  the  lower  and 
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Fig.  495.— Posterior  divisions  of  the  upper  cervical  nerves. 

back  part  of  the  head.  It  lies  to  the  inner  side  of  the  occipitalis  major,  with 
which  it  is  connected. 

The  posterior  division  of  the  suboccipital  nerve  and  the  internal  branches  of 
the  posterior  divisions  of  the  second  and  third  cervical  nerves  are  occasionally 
joined  beneath  the  Complexus  by  communicating  branches.  This  communication 
is  described  by  Cruveilhier  as  the  posterior  cervical  plexus. 

The  posterior  divisions  of  the  fourth,  fifth,  sixth,  seventh,  and  eighth  cervical 
nerves  (Fig.  502)  pass  backward,  and  divide,  behind  the  Posterior  intertransverse 
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muscles,  into  internal  and  external  branches.  The  intenial  brmiches^  the  larger, 
are  distributed  differeDtly  in  the  upper  and  lower  part  of  the  neck*  Those 
derived  from  the  fourth  and  fifth  nerves  p!iss  between  the  Com  plexus  and  Semi- 
spi nulls  muscles,  and,  having  reached  the  spinous  processes,  perforate  the 
aponeurosis  of  the  Splenius  and  Trapezius,  and  are  continued  outward  to  the 
integument  over  the  Trapezius,  whilst  those  derived  from  the  three  lowest  cervical 
nerves  are  the  smallest,  and  are  placed  beneath  the  Semispinalis  colli,  which  they 
supply,  and  then  pass  into  the  Interspinales,  Multifidus  spinii*,  and  Complexus, 
and  send  twigs  through  this  latter  muscle  to  supply  the  inte|];uraent  near  the 
spinous  processes  (Ilirschfeld).  The  L'xternal  bntnchfi^  supply  the  muscles  at  the 
side  of  the  neck— viz.  the  Cervicalis  ascendens,  Trans versalis  colli,  and  Trachelo- 
mastoid. 

Anterior  Divisions  of  the  Cervical  Nerves. 

The  anterior  division  of  the  first  or  suboccipital  nerve  is  of  small  size.  It 
escapes  from  the  spinal  canal  through  a  groove  upon  the  posterior  arch  of  the 
atlas.  In  this  groove  it  lies  beneath  the  vertebral  artery,  to  the  inner  side  of 
the  Rectus  capitis  lateralis.  As  it  crosses  the  foramen  in  the  transverse  process 
of  the  atlas  it  receives  a  filameut  from  the  sympathetic  on  the  vertebral  artery. 
It  then  descends,  in  front  of  this  process,  to  join  with  the  ascending  branch  from 
the  second  cervical  nerve. 

Communicating  filaments  from   the  loop  between  this  nerve  and  the  second 
join    the   pneuraogastric,   the    hypoglossal,  and   sympathetic    (superior    cervical . 
'  ganglion),  and  some  branches  are  distributed  to  the  Rectus  lateralis  and  the  two 
Lnterior  recti.     The  fibres  communicating  with  the  hypoglossal  are  mostly  con- 
tinued into  its  descendens  ht/po(/io8sti  branch  (see  j>age  825),^ 

The  anterior  division  of  the  second  cervical  nerve  escapes  from  the  spinai 
canal,  between  the  posterior  arch  of  the  atlas  and  the  lamina  of  the  axis,  and, 
passing  forward  on  the  outer  side  of  the  vertebral  artery,  divides  in  front  of  the 
Intertransverse  muscle  into  an  ascemiing  branch,  which  joins  the  first  cervical, 
and  descending  branches,  which  Join  branches  from  the  third.  These  last-named 
intercommunicating  branches  of  the  second  and  third  cervical  nerves,  give  off 
the  small  occipital,  the  great  auricular,  and  the  superficial  cervical  nerves.  The 
nerve  also  gives  off  one  of  the  communicantes  hypoglossi,  and  a  filament  to  the 
Sterno-mastoid  which  communicates  in  the  substance  of  the  muscle  with  the 
spinal  accessory. 

The  anterior  division  of  tlie  third  cervical  nerve  is  double  the  size  of  the 
preceding.  At  its  exit  from  the  intervertebral  foramen  it  passes  downward  and 
outward  beneath  the  Sterno-mastoid,  and  divides  into  branches.  The  ascend- 
ing  ones  join  with  branches  of  the  second  cervical,  and  this  combination  gives  off, 
as  already  stated,  the  small  occipital,  the  great  auricular,  and  the  superficial 
cervical  nerves.  The  descending  branches  pass  down  in  front  of  the  Scalenus 
anticus,  and  are  as  follows :  One  of  the  communicantes  hypoglossi ;  a  branch  to 
the  supraclavicular  nerves  ;  a  filament  to  assist  in  forming  the  phrenic  ;  and 
muscular  branches  to  the  Levator  anguli  scapuh^  and  Trapezius ;  this  latter 
nerve  communicates  beneath  the  muscle  with  the  spinal  accessory.  Sometimes 
the  nerve  to  the  Scalenus  medius  is  derived  from  this  source. 

The  anterior  division  of  the  fowrth  cervical  is  of  the  same  size  as  the  preceding. 
It  sends  a  communicating  branch  to  the  fifth  cervical,  and,  passing  downward 
and  outward,  unites  with  a  branch  from  the  third,  and  from  this  union  are  derived 
numerous  filaments  which  cross  the  posterior  triangle  of  the  neck,  forming  the 
supraclavicular  nerves.  It  also  gives  a  branch  to  the  phrenic  nerve  whilst  it  is 
contained  in  the  intertransverse  space,  and  sometimes  a  branch  to  the  8cnlenus 
medius  muscle.     It  also  gives  a  branch  to  the  Levator  anguli  scapuhv  and  to  the 

^  According  to  Valeiilin,  the  .niiterior  diviftion  of  the  suboccipital  also  distribuiea  Slnmenta  lo 
the  occipito-Rtlanlal  iirtieuUtifni  mid  mnsitnid  j^mcess  of  the  temporal  bone. 
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Trapezius^  wbich  nnites  with  the  branch  given  off  from  the  third  nerve,  and 
communieates  beneath  the  muscle  with  the  spinal  accessory. 

The  amtarior  dmsioufi  of  the  fifth,  sixth,  seventh,  and  eighth  cerTical  nerves 
are  remarkable  for  their  large  size.  They  are  much  lartrer  than  tbe  preceding 
nerves,  and  are  all  of  e*|ual  size.  They  assist  in  the  formation  of  the  brachial 
plexus. 

The  Cervical  Plexus* 

The  cervical  plexus  (Fig.  490)  is  formed,  aa  above  described,  by  the  anterior 
divisions  of  the  four  upper  cervical  nerv€\s.  It  is  situated  opposite  the  four  upper 
cervical  vertebrie,  resting  upon  the  Levator  angiiH  scapula?  and  Scalenus  medius 
muscles,  and  covered  in  by  the  Sterno-mastoid. 

Its  branches  may  be  divided  into  two  groups,  Muperficial  and  deep^  which  may 
be  thus  arranged : 

{Occipitalis  minor. 
Auricularis  magnus. 
Superficial  is  colli. 


Superficial 


(  Suprasternal, 
Descending  .       Supraclavicular    <:  Supraclavicular, 


re 

)  Muscular. 


Communicating. 

li 


(  Supra-acromial. 


I    n  erna     .    *  \  Commuoicans  hypoglossi 
Ih^  '   '   '    i  I  Phrenic, 


i  External  .    .   (  C^i^municatiBg. 
"^  1  Muscular. 

Superficial  Branches  of  the  Cervical  Plexus. 

The  Occipitalis  minor  (Fig.  502)  arises  from  the  second  and  third  cervical 
nerves;  it  curves  rouml  the  posterior  border  of  the  Sterno-mastoid,  and  ascends, 
running  parallel  to  the  posterior  border  of  the  rauscle,  to  the  back  part  of  the 
side  of  the  head.  Near  the  cranium  it  perforates  the  deep  fascia,  and  is  continued 
upward  along  the  side  of  the  bead  behind  tbe  ear,  supplying  the  integument,  and 
communicating  with  the  occipitalis  major,  the  auricularis  magnus,  and  with  the 
posterior  auricular  branch  of  the  facial. 

This  nerve  gives  off  an  tmrmtl/ir  branch,  which  supplies  the  integument  of 
the  upper  and  hack  part  of  the  auricle,  coram unieating  with  the  mastoid  branch 
of  the  auricularis  magnus.  This  branch  is  occasionally  derived  from  the  great 
occipital  nerve.      The  occipitalis  minor  varies  in  size ;  it  is  occasionally  double. 

The  Auricularis  Magnus  is  the  largest  of  the  ascending  bi-anches*     It  ariseSI 
from  the  second   and   third  cervical  nerves,  winds  round  the  posterior  border  of 
the  Sterno-ma,stoid,   and,   after  perforating  the  deep  fascia,  ascends  upon   that 
muscle  beneath  the  Platysma  to  the  parotid  gland,  where  it  divides  into  facial, 
auricular,  and  ma.stoid  branches. 

Thefacml  hranches  pass  across  the  parotid,  and  are  distributed  to  the  integ- 
ument of  the  face  over  the  parotid  gland ;  others  penetrate  the  substance  of  the 
gland  and  communicate  with  the  facial  nerve. 

The  auricular  branches  ascend  to  supply  the  integument  of  the  back  part  of 
the  pinna,  except  at  its  upper  part,  communicating  with  the  aTirieular  branches 
of  the  facial  and  pneumogastric  nerves. 

The  inaRinid  branch  communicates  with  the  occipitalis  minor  ami  tbe  posterior 
auricular  branch  of  the  facial,  and  is  distributed  to  the  integument  behind  the  ear. 

The  Superficialis  ColH  arises  from  the  second  and  third  cervical  nerves,  turns 
round  the  posterior  border  of  the  Sterno-mastoid  about  its   middle,  and,  passing] 
obliquely  forward  beneath  the  eatternal  jugular  vein  to  the  anterior  border  of  that 
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mascle,  perforates  the  deep  cervical  fascia,  and  divides  beneath  the  Platysma  into 
two  braochea  which  are  digtributed  to  the  ant  era- lateral  parts  of  the  neck. 

The  a»'i€nding  branch  gives  a  iilarnent  which  accompanies  the  external  jugular 
vein  ;  it  then  passes  upward  to  the  submaxillary  region,  and  divides  into  branches, 
some  of  which  form  a  plexus  with  the  cervical  branches  of  the  facial  nerve  beneath 
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Fig.  496.— PlAn  ot  the  cervical  plextis. 

the  Platysma;  others  pierce  that  mnscle,  supply  it,  and  are  distributud  to  the 
integument  of  the  upper  half  of  the  neck,  at  its  fore  part,  as  hi<i;h  as  the  chin. 

The  deat'endr/hf  hrmick  (occasionally  represented  by  two  or  more  filaments) 
pierces  the  Platysma,  and  is  distributed  to  the  integument  of  the  aide  and  front 
of  the  neck,  as  low  as  the  sternum. 

The  Descending  or  supraclaviciilar  branch e a  arise  from  the  third  and  fourth 
cervical  nerves:  eiuej-jt^ing  bunesith  the  posterior  border  of  the  Sterno-mastoid, 
they  descend  in  the  interval  between  that  muscle  and  the  Trapezius,  and  divide 
into  branches,  vrhich  are  arranged,  according  to  their  position,  into  three  groups. 

The  inner  or  supraatermii  hranehe»  cross  obliquely  over  the  clavicular  and 
sternal  attachments  of  the  Sterno-mastoid,  and  supply  the  integument  as  far  as 
the  median  line. 

The  imddle  or  sifprfichif'trNlar  hninrhes  cross  the  clavicle,  and  supply  the 
integument  over  the  Pectnnil  and  Deltnid  muscles,  communicating  with  the 
cutaneous  branches  of  the  upper  intercostal  nerves. 

The  external  OT  suprd-acrmnml  hranches  pass  obliquely  across  the  outer  surface 
of  the  Trapezius  and  the  acromion,  and  supply  the  integument  of  the  upper  and 
back  part  of  the  shoulder. 


Deep  Branches  of  the  Cervical  Plexus.    Internal  Series. 

The  communicating  branches  consist  of  several  filaments  wliich  pass  ham  the 
loop  between  the  first  and  second  cervical  nerves  in  front  of  the  atlas  to  the 
pneumogastrie,  hypoglossal  («ee  pa^e  825  and  Fig,  493)  and  sympathetic,  and  a 
communicating  brunch  between  the  fourth  and  fiffch  cervical. 

liIuBcular  branches  supply  the  Anterior  recti  and  the  Rectus  lateralis  mus- 
cles ;  they  [proceed  from  the  first  cervical  nerve  and  from  the  loo]>  formed 
between  it  and  the  second.  The  Longus  colli  is  supplied  from  the  third  and 
tlie  fotirth. 

The  Communicans  Hypoglossi  (Fig-  493)  consists  usually  of  two  filaments,  one 
being  derived  from  the  sec*>nd,  and  the  other  from  the  third  cervical.  These 
filaments  \niss  downward  on  the  outer  side  of  the  internal  jugular  vein,  cross  in 
front  of  the  vein  a  little  below  the  middle  of  the  neck,  and  form  a  loop  with  the 
descendens  hypoglossi  in  front  of  the  sheath  of  the  carotid  vessels  (see  page  825). 
Occasionally,  the  junction  of  these  nerves  tnkes  place  within  the  sheath. 

The  Phrenic  Nerve  (intrrnai  rrspiratofy  of  Bel! )  arises  chiefly  from  the  fourth 
cervical  nerve,  with  a  few  filaments  from  the  third  and  a  communicating  branch 
from  the  fifth.  It  descends  to  the  root  of  the  neck,  running  oblirjuely  across  the 
front  of  the  Scalenus  anticus.  passes  over  the  first  part  of  the  sufxdavian  artery, 
between  it  and  the  subclavian  vein,  anrl,  as  it  enters  the  chest,  crosses  the 
internal  mammary  artery  near  its  origin.  Within  the  chest  it  descends  nearly 
vertically  in  front  of  the  root  of  the  lung  and  by  the  side  of  the  pericardium* 
between  it  and  the  mediastinal  portion  of  the  pleura,  to  the  Diaphragm,  where  it 
divides  into  branches,  which  separately  pierce  that  muscle  and  are  distributed  to 
its  under  surf;ice. 

The  two  phrenic  nerves  differ  in  their  length,  and  also  in  their  relations  at 
the  upper  part  of  the  thorax. 

The  nr/ht  nerve  is  situated  more  deeply,  and  is  shorter  and  more  vertical  in 
direction  than  the  left;  it  lies  on  the  outer  side  of  the  right  vena  innominata  and 
superior  vena  cava. 

The  h'ft  nerve  is  rather  longer  than  the  right,  from  the  inclination  of  the 
heart  to  the  left  side,  and  from  the  Diaphragm  being  lower  on  this  than  on  the 
opposite  side.  Ai  the  uf»j)er  part  of  the  thorax  it  crosses  in  front  of  the  arch  of 
the  aorta  to  the  root  of  the  lung. 

Each  nerve  supplies  filaments  to  the  pericardium  and  pleura,  and  near  the 
chest  is  joined  by  a  filament  from  the  sympathetic,  and  occasionally  by  one  from 
the  union  of  the  descendens  hypoglossi  with  the  spinal  nerves :  this  filament  is 
found,  according  to  Swan,  only  on  the  left  side.  It  is  also  usually  connected  by 
a  filament  with  the  nerve  to  the  Subclavius  muscle.  Branches  have  been 
described  as  passing  to  the  peritoneum. 

From  the  nyht  nen^e  one  or  two  filaments  pass  to  join  in  a  small  ganglion 
with  phrenic  branches  of  the  solar  plextis  ;  and  branches  from  this  ganglion  are 
distributed  to  the  hepatic  jdexus,  the  suprarenal  capsule,  and  inferior  vena  cava. 
From  the  left  nervf^  filaments  pass  to  join  the  phrenic  plexus  of  the  sympathetic, 
but  without  any  ganglionic  enlargement. 

Deep  Branches  of  the  Cervical  Plexus,    External  Series, 

Oommimicating  Branches. — The  deep  branches  of  the  external  series  of  the 
cervical  plexus  communicate  with  the  spinal  accessory  nerve,  in  the  substance  of 
the  Sterno^mastoid  muscle,  in  the  occipital  triangle,  and  beneath  the  Trapezins- 

Muacnlar  branches  are  distributed  to  the  Sterno-mastoid,  Trapezius,  Levator 
angTili  scapulie,   and  Scalenus  mcdios. 

The  branch  for  the  Sterno-mastoid  is  derived  firom  the  second  cervical ;  the 
Trapezius  and  Levator  anguli  scapuUie  receive  branches  from  the  third  and 
fourth.  The  Scalenus  medius  is  supplied  sometimes  from  the  third,  sometimes 
the  fourth,  and  occasionally  from  both  nervea.  i^ 
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The  Brachial  Plexus  (Fig.  497). 

The  Brachial  Plexns  is  formed  by  the  union  of  the  anterior  branches  of  the 
four  lower  cervical  and  the  greater  part  of  the  first  dorsal  nerves,  receiving  also  a 
fasciculus  from  the  fourth  cervical  nerve.  It  extends  from  the  lower  part  of  the 
side  of  the  neck  to  the  axilla.  It  is  very  broad,  and  presents  little  of  a  plexiform 
arrangement  at  its  commencement.  It  is  narrow  opposite  the  clavicle,  becomes 
broad  and  forms  a  more  dense  interlacement  in  the  axilla,  and  divides  opposite 
the  coracoid  process  into  numerous  branches  for  the  supply  of  the  upper  limb. 
The  nerves  which  form  the  plexus  are  all  similar  in  size,  and  their  mode  of  com- 
munication is  subject  to  considerable  variation,  so  that  no  one  plan  can  be  given 
as  applying  to  every  case.  The  following  appears,  however,  to  be  the  most  con- 
stant arrangement :  the  fifth  and  sixth  cervical  unite  together  soon  after  their 
exit  from  the  intervertebral  foramina  to  form  a  common  trunk.  The  eighth  cervi- 
cal and  first  dorsal  also  unite  to  form  one  trunk.  So  that  the  nerves  forming  the 
plexus,  as  they  lie  on  the  Scalenus  medius  external  to  the  outer  border  of  the 
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Fig.  497.— Plan  of  the  brachial  plexus. 

Scalenus  anticus,  are  blended  into  three  trunks — an  upper  one,  formed  by  the 
junction  of  the  fifth  and  sixth  cervical  nerves;  a  middle  one,  consisting  of  the 
seventh  cervical  nerve ;  and  a  lower  one,  formed  by  the  junction  of  the  eighth 
cervical  and  first  dorsal  nerves.  As  they  pass  beneath  the  clavicle,  each  of  these 
three  trunks  divides  into  two  branches,  an  anterior  and  2l  posterior.  The  anterior 
divisions  of  the  upper  and  middle  trunks  then  unite  to  form  a  common  cord, 
which  is  situated  on  the  outer  side  of  the  middle  part  of  the  a.xillary  artery,  and 
is  called  the  outer  cord  of  the  brachial  plexus.     The  anterior  division  of  the 
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lower  trunk,  formed  by  the  union  of  the  eighth  cervical  and  first  dorsal,  passes 
down  on  the  inner  side  of  the  axillary  artery  in  the  middle  of  the  axilla,  and 
forms  the  inner  cord  of  the  brachial  plexus.     The  posterior  divisions  of  the  upper 


Fig.  498.— Cutaneous  nerves  of  right  upper 
extremity.    Anterior  view. 


Fio.  499.— Cutaneous  nerves  of  right  upper 
extremity.    Posterior  view. 


trunk  (formed  by  the  junction  of  the  fifth  and  sixth  nerves)  and  of  the  middle 
trunk  (the  seventh  nerve)  unite  together  to  form  the  posterior  cord  of  the  brachial 
plexus,  which  is  situated  behind  the  second  portion  of  the  axillary  artery.  From 
this  posterior  cord  are  given  off  the  two  lower  subscapular  nerves,  the  upper  sub- 
scapular nerve  being  given  off  from  the  posterior  division  of  the  outer  trunk 
prior  to  its  junction  with  the  posterior  division  of  the  middle  trunk.  The  pos- 
terior cord  divides  into  the  circumflex  and  musculo-spiral  nerves.     The  musculo- 


Fio.  500.— Kerrea  of  the  left  upper  extTemlty. 


Spiral  nerve  is  sub»ef|uently  joined  by  t!ie  |iosterior  division  of  the  inner  trunk, 
tbrrned  by  tbe  union  of  the  eightL  cervical  and  first  dorsal. 


The  brachial  plexus  communicates  with  the  cervical  plexus  by  a  branch  from 
the  f<nirth  to  the  fifth  nerve,  ami  with  the  phrenic  nerve  by  a  branch  from  the 
fifth  cervical,  which  joins  that  nerve  on  the  Anterior  scalenus  muscle :  the  cervi- 
cal and  first  dorsal  nerves  are  also  joined  by  filaments  from  the  middle  and 
inferior  cervical  ganglia  of  the  sympathetic,  close  to  their  exit  from  the  interver- 
tebral  furamina. 

Eeiations.^ — In  the  net^k  the  brachial  plexus  lies  at  the  first  between  the  Anterior 
and  Middle  scaleni  muscles,  and  then  above  and  to  the  outer  side  of  the  subclavian 
artery:  it  then  passes  behind  the  cbiviele  and  Subclavius  muscle,  lying  upon  the 
first  serration  of  the  Serrariis  magnus.  and  the  Subscapulfiris  muscles.  In  (he 
axiihi  it  is  placed  on  the  outer  side  of  the  first  portion  of  the  axillary  artery ;  itl 
surrounds  the  ariery  in  the  second  part  of  its  course,  one  cord  lying  upon  the  outer" 
side  of  that  vessel,  one  on  the  inner  side,  and  one  behind  it,  and  at  the  lower  part 
of  the  axillary  space  gives  oflf  its  terminiil  branches  to  the  upper  extremity. 

Branches, — The  branches  of  the  brachial  plexus  are  arranged  in  two  groups — 
viz.  those  given  off  above  the  clavicle,  and  those  below  that  bone. 

Branches  above  the  Clavicle. 

Communicating.  Posterior  thoracic. 

Muscular.  Suprascapular. 

The  communicating  branch  with  the  phrenic  is  derived  from  the  fifth  cervical 
nerve  or  from  the  loop  between  the  fifth  and  sixth  ;  it  joins  the  phrenic  on  the 
Anterior  scalenus  nniscle. 

The  muscular  brancliea  supply  the  Longus  colli,  Scaleni,  Rbomboidei,  and 
Subclavius  muscles.  Those  for  the  Loiigns  colli  and  Scaleni  ariije  from  the  lower 
cervical  nerves  at  their  exit  from  the  intervertebral  foramina.  The  Rhomboid 
branch  arises  from  the  fifth  cervical,  pierces  the  Scalenus  raedius,  and  passes 
beneath  the  Levator  angiili  scapulae,  which  it  occasionally  supplies,  to  the  Rhcuuboid 
muscles.  The  nerve  to  the  Subclavius  is  a  small  filament  which  arises  from  the 
fifth  cervical  at  its  point  of  junction  with  the  sixth  nerve;  it  descends  in  front 
of  the  subclavian  artery  to  the  vSubclavius  muscle,  and  is  usually  connected  by  a 
filament  with  tbe  phtenic  nerve. 

The  posterior  thoracic  nerve  (long  th&racic\  cxterntil  respiratori/  of  Belt) 
(Fig.  oOO)  supplies  the  Serratys  magnus,  and  is  remarkable  for  the  length  of  its 
coui'se,  it  sometimes  arises  by  two  roots  from  the  fifth  and  sixth  cervical  nerves 
immediately  after  their  exit  from  the  intervertebral  foramina,  but  generally  by 
three  roots  from  tbe  fifth,  sixth,  and  seventh  nerves.  These  unite  in  the  substan 
of  the  Middle  scalenus  muscle,  and,  after  emerging  from  it,  the  nerve  passes  down 
behind  the  brachial  plexus  and  the  axillary  vessels,  resting  on  the  outer  surface  of 
the  Serratus  magnus.  It  extends  alung  tbe  sitle  of  the  chest  to  the  lower  border 
of  that  muscle,  supplying  filaments  to  each  of  its  digitahi>ns. 

The  suprascapular  nerve  (Fig-  501)  arises  fVum  the  cord  formed  by  the  fifth  and 
sixth  cervical  nerves;  passing  oblinuely  outward  beneath  the  Trapezius,  it  titers 
the  supraspinous  fossa,  through  the  notch  in  the  upper  border  of  the  scapula,  and, 
passing  beneath  the  Supriispinatua  muscle,  curves  in  front  of  the  spine  of  the 
scapula  to  the  infraspinous  fossa.  In  the  supraspinous  fossa  it  gives  off  two 
branches  to  the  Supraspinatija  muscle,  and  an  articular  filament  to  the  shoulder- 
joint  ;  and  in  the  infraspinous  fossa  it  gives  off  two  brandies  to  the  Infraspinatus 
muscle,  besides  some  filaments  to  the  shoulder-joint  and  scapula. 

Branches  below  the  Clavicle. 

The  branches  below  the  clavicle  are  derived  from  tbe  three  cords,  as  follows; 

Fi^om  the  oufrr  coni  arise  the  external  of  the  two  anterior  thoracic  nerves,  the 
musculo-cutaneous  nerve,  the  nerve  to  the  Coraco-bracbialis  muscle,  and  the  outer 
head  of  the  median. 
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From  the  inner  cord  arise  the  internal  of  the  two  anterior  thoracic  nerves,  the 
internal  cutaneous,  the  lessor  internal  cutaneous  (nerve  of  Wrisberg),  the  ulnars  and 
inner  head  of  the  median. 

From  the  posterior  cord  arise  two  of  the  three  subscapular  nerves,  the  third 
arising  from  the  posterior  division  of  the  trunk  formed  by  the  fifth  and  sixth 
cervical  nerves;  the  cord  then  divides  into  the  musculo-spiral  and  circumflex 
nerves* 

These  may  be  arranged  according  to  the  parts  they  supply : 


To  the  chest 
To  the  shoulder 


To  the  arm,  forearm,  and  hand 


Anterior  thoracic, 
f  Subscapular. 
\  Circumflex. 
^  Musculo-cutaneous. 

Internal  cutaneous* 

Lesser  internal  cutaneous. 

Median. 

Ulnar. 

Musculo-spiral. 

The  fasciculi  of  which  these  nerves  are  composed  may  be  traced  through  the 
plexus  to  the  spinal  nerves  from  which  they  originate.     They  are  a^  follows : 

External  anterior  thoracic  from  5th,  6th,  and  7th  cervical. 


Internal  interior  thoracic 

Subscapular 

Circumflex 

Musculo-cutaneous 

Internal  cutaneous 

Le^^ser  internal  cutaneous 

Median 

Ulnar 

Miisculo-apira! 


8th  cervical  and  1st  doi'sah 

5th,  6th,  7th,  and  8th  cervicaL 

5th,  6th,  7tb,  and  8th  cervicaL 

5th,  Gth,  and  7th  cervicaL 

8th  cervical  and  Ist  dorsaL 

1st  dorsaL 

(jth,  7th,  and  8th  cervicaL  and  1st  dorsaL 

8th  cervical  aufl  1st  dorsaL 

6th,  7th,  and  8th  cervical,  and  1st  dorsaL 


The  Anterior  Thoracic  Nerves  (Fig.  500),  two  in  number,  supply  the  Pectoral 
muscles. 

The  external  or  superficial  nerve,  the  larger  of  the  two,  arises  from  the  outer 
cord  of  the  brachial  plexus,  through  which  its  fibres  may  be  trace<I  to  the  fifth* 
sixth*  and  seventh  cervical  nerves.  It  passes  inward,  across  the  axillary  artery 
and  vein,  pierces  the  costo-coracoid  membrane.,  and  is  distributed  to  the  under 
surface  of  the  Pectoralis  major.  It  sends  down  a  c<iuimuniciiting  filament  to  join 
the  internal  nerve,  which  forms  a  loop  round  the  inner  side  of  the  axillary 
artery. 

The  inieriial  or  deep  nerve  arises  from  the  inner  cord,  and  through  it  from 
the  eighth  cervical  and  first  dorsaL  It  passes  upward  between  the  axillary  artery 
anrl  vein,  and  joins  with  the  filament  from  the  superficial  nerve.  It  then  passes 
to  the  under  surface  of  the  Pectoralis  minor  muscle,  where  it  divides  into  a  number 
of  branches,  wliich  supply  the  muscle  on  its  under  surface.  Some  of  the  branches 
pass  through  the  muscle  ;  others  wind  round  its  upper  border  and  pierce  the  costo- 
coracoid  membrane  to  supply  the  Pec  to  nil  is  major. 

The  SubBcapular  Nerves,  three  in  number,  supply  the  Subscapidaris,  Teres 
major,  and  Latissiraus  dorsi  muscles.  The  fasciculi  of  which  they  are  composed 
may  he  traced  to  the  fifth,  sixth,  seventh,  and  eighth  cervical  nerves. 

The  upper  mtbaeapuhr  nerve,  the  smallest,  enters  the  u]>per  part  of  the  Sub- 
Bcapularis  muscle. 

The  lower  subscapuhir  nerve  entei"S  the  axillary  border  of  the  Subscapularis 
and  terminates  in  the  Teres  major.  The  latter  muscle  is  sometimes  supplied  by  a 
separate  brnnclu 

The  middle  or  lanff  subseapular^  the  largest  of  the  threCj  follows  the  course  of 
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tLe  subscapular  artery t  along  the  posterior  wall  of  the  axilla  to  the  Latissimiis 
dorsi,  throiij^h  which  it  mav  be  traced  as  far  as  its  lower  border* 

The  Circumflex  Nerve  (Fit;.  501)  supplies  some  i»f  the  muscles  and  the  integu- 
ment of  the  shoulder  au<i  the  shoiddor-joint.  It  arises  from  the  posterior  cord  of 
the  brachial  plexus,  in  common  with  the  musculo-spiral  nerve,  and  its  fibres  may 
be  traced  through  the  posterior  cord  to  the  fifth,  sixth,  seventh,  and  eighth  cer- 
vical nerves.  It  is  at  first  placed  behind  the  axillary  artery,  between  it  and  the 
Subscapular  is  muscle,  and  passes  downwanl  and  outward  to  the  lower  border  of 
that  muscle.  It  then  winds  Ijackward  in  com|iany  with  the  posterior  circumflex 
artery,  through  a  quadrilateral  space  bounded  above  by  the  Teres  minor,  below 
by  the  Teres  major,  internally  by  the  long  head  of  the  Triceps,  and  externally  by 
the  neck  of  the  humerus,  and  divides  into  two  branches. 

The  upper  branch  winds  round  the  surgical  neck  of  the  humerus,  beneath  the 
Deltoid,  with  the  posterior  circumflex  vessels,  as  far  as  the  anterior  border  of  that 
muscle,  supplying  it.  and  giving  off  cutaneous  branches,  which  pierce  the  muscle 
and  ramify  in  the  integument  covering  its  lower  part. 

The  hwer  branrfu  at  its  origin,  distributes  filaments  to  the  Teres  minor  and 
back  part  of  the  Deltoid  muscles,  Upon  the  filament  to  the  former  muscle  a 
gangliform  enlargement  usual ly  exists.  The  nerve  then  pierces  the  deep  fascia, 
and  supplies  the  integument  over  the  lower  two-tbirds  of  the  posterior  surface  of 
the  Deltoid,  as  well  as  that  covering  the  long  bead  of  the  Triceps. 

The  circumflex  nerve,  before  its  division,  gives  off  an  articular  filament,  which 
enters  the  shoiihler-joint  below  the  Subeeapnlaris. 

The  Musculo-cutaneons  Nerve  (Fig.  500)  {rjrfemal  fufaneouit  or  perforans  Cas- 
mrii)  supplies  some  of  the  muscles  of  the  arm  and  the  integument  of  the  fore- 
arm. It  arises  from  the  outer  cord  of  the  brachial  plexus,  opposite  the  lower  border 
of  the  Pectoralis  minor,  receiving  filaments  fnmi  the  fifth,  sixtb,  and  seveutb 
cervical  nerves.  It  perforates  the  Curaco-brachialis  muscle,  jja^sea  obliquely  between 
the  Biceps  and  BracLiulis  anticus  to  the  outer  side  of  the  arm.  and.  a  little  above 
the  elbow,  winds  round  the  outer  border  of  the  tendon  of  the  Biceps,  and,  perf«> 
rating  the  deep  fascia,  becomes  cutaneous.  This  nerve  in  its  course  through  the 
arm  supplies  the  (_V>raco- brachial  is  (this  branch  often  arises  separately  from  the 
outer  cord),  Biceps,  and  part  of  the  Bracbialis  anticu.^  muscles.  It  sends  a  small 
branch  to  the  bone,  which  enters  the  nutrient  foramen  with  the  accompanying 
artery  and  a  filament,  from  the  branch  supplying  the  Bracbialis  anticus,  to  the 
elbow- joint. 

The  cutaneous  portion  of  the  nerve  passes  behind  the  median  cephalic  vein,  and 
divides,  opjvosite  the  elbow-joint,  into  an  anterior  and  a  posterior  branch. 

The  anU'rior  bra  itch  descends  along  the  radial  bonier  of  the  forearm  to  the 
wrist,  and  supplies  the  integument  aver  the  outer  half  of  the  anterior  surface.  At 
the  wrist-juint  it  is  jilaced  in  front  of  the  radial  artery,  and  sonic  filaments, 
piercing  the  deep  fascia,  accompany  that  vessel  to  the  back  of  the  wrist,  supplying 
the  carpus.  The  nerve  then  passes  downward  to  the  ball  of  the  thumb,  where  it 
terminates  in  cutaneous  filaments.  It  communicates  with  a  branch  from  the  radial 
nerve  and  the  palmar  cutaneous  branch  of  the  median. 

The  posterior  hraneh  passes  downward  along  the  back  part  of  the  radial  side 
of  the  forearm  to  the  wrist.  It  supplies  the  integument  of  the  lower  ihird  of  the 
forearm,  communicating  with  the  radial  nerve  and  the  lower  external  cutaneous 
branch  of  the  musculO'Spirab 

The  titemal  CutaneouB  Nerve  (Fig.  500)  is  one  of  the  smallest  branches  of  the 
brachial  plexus.  It  arises  from  the  inner  cord  in  common  with  the  ulnar  and 
internal  head  of  the  median,  and  at  its  commencement  is  placed  on  the  inner 
side  of  the  axillary  artery.  It  derives  its  fibres  from  the  eighth  cervical  and  first 
dorsal  nerves.  It  passes  down  the  inner  side  of  the  arm,  |iierces  the  deep  fascia 
with  the  basilic  vein,  about  the  middle  of  the  limb,  and,  becoming  cutaneous, 
divides  into  two  branches,  anterior  and  posterior. 

This  nerve  gives  off,  near  the  axilla,  a  cutaneous  filament,  which  pierces  the 
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fascilt  anil  supjilies  the  integument  covering  the  Biceps  muscle  nearly  as  far  aa 
the  elbnw.  This  filiiment  lies  a  little  external  to  tlie  eoimnon  trnnk.  from  which 
it  arises. 

The  anterior  branch,  the  larger  of  the  two,  pa.sses  nsiially  in  front  of,  but 
oecainionally  behind,  the  median  basilic  vein.  It  then  descends  on  the  anterior 
surface  of  the  ulnar  siije  of  the  forearm,  distributing  filaments  to  the  integument 
as  far  aa  the  wrist,  and  commimicating  with  a  cutaneous  branch  of  the  ulnar 
nerve. 

The  posterior  branch  passes  obliquely  downward  on  the  inner  side  of  the 
basilic  vein,  passes  in  front  of,  or  over,  the  infernal  comiyle  of  ihe  bumertis  to  the 
back  of  the  forearm,  and  descends  on  the  p(tsterior  surface  of  its  ulnar  side  as  far 
us  the  wrist,  distributing  iilaments  to  the  integument.  It  communicates,  above 
tlie  elbow,  with  the  lesser  internal  cutaneous,  and  above  the  wrist  with  the  dorsal 
cutaneotjs  branch  of  the  ulnar  nerve  (Swan). 

The  LeBsex  Internal  CutaEeoES  Nerve  (ncrce  of  Wrkhcrg)  {Fig.  500)  is  distrib- 
uted to  the  integument  on  the  inner  side  of  the  anu.  It  is  the  smallest  *>f  the 
branches  of  the  brachiid  plexus.  ancL  arising  from  the  inner  cord  with  the  internal 
cutaneous  and  ulnar  nerves,  receives  its  fibres  from  the  first  dorsal  nerve.  It 
passes  through  the  axillary  space,  at  first  lying  behind,  and  then  on  the  inner  side 
of,  the  axillary  vein,  and  comiuunicutes  with  the  intercosto*hiimeraI  nerve.  It 
descends  along  the  inner  side  of  the  braehiiil  artery  to  the  middle  of  the  arm, 
where  it  pierces  the  deep  fascia,  and  is  distributed  to  the  integument  of  the  back 
piirt  of  the  lower  third  of  the  arm,  extending  as  far  as  the  elbow,  where  some 
filaments  are  lost  in  the  integument  in  fnuit  of  the  inner  condyle,  and  others 
over  the  olecranon.  It  communicates  with  the  posterior  branch  of  the  internal 
cutaneous  nerve. 

In  some  cases  the  nerve  of  Wi*isberg  and  intereosto-bumeral  are  connected  by 
two  or  three  filaments  which  form  a  plexus  at  the  back  part  of  the  axilla.  In 
other  cases  the  iutercosto-liutueral  is  of  large  size,  and  takes  the  place  of  the 
nerve  of  Wrisberg,  receiving  merely  a  filament  of  communicaiion  from  the  brachial 
plexus,  whicli  represents  the  latter  nerve.  In  other  cases  this  filament  is  wanting, 
the  ]dace  of  the  nerve  of  Wrisberg  being  supplied  entirely  from  the  intercosto- 
humeraL 

The  Median  Nerr©  (Fig.  500)  has  received  its  name  from  the  course  it  takes 
along  the  miildle  nf  the  arm  and  forearm  to  the  hand,  lying  between  the  ulnar 
and  the  musculu-s[iiral  and  radial  nerves.  It  arises  by  two  roots,  one  fnun  the 
outer,  and  one  friun  the  inner,  cord  of  the  brachial  plexus  ;  these  embrace  the  lower 
part  of  the  axillary  artery,  uniting  either  in  front  or  on  the  outer  side  of  that 
vessel.  It  receives  filaments  from  the  sixth,  seventh,  and  eighth  cervical  and  the 
first  dorsal*  As  it  descends  through  the  arm,  it  lies  at  first  on  the  outer  side  of 
the  brachial  artery,  crosses  that  vessel  in  the  middle  of  its  course,  usually  in 
front,  but  occasionally  behind  it,  and  lies  on  its  inner  side  to  the  bend  of  the 
elbow,  where  it  is  jilaced  beneath  the  bicipital  fascia,  and  is  separated  from  the 
elbow*joint  by  the  Brachialis  anticus.  In  the  forearm  it  passes  between  the  two 
heads  of  the  Pronator  radii  teres,  and  descends  beneath  the  Flexor  sublinns,  lying 
on  the  Flexor  profundus,  to  within  two  inches  above  the  annular  ligament,  where 
it  becomes  more  superficial,  lying  between  the  tendons  of  the  Flexor  sublimis 
and  Flexor  carpi  radialis,  beneath,  or  rather  to  the  ulnar  side  of,  the  tendon  of 
the  Palmaria  longus,  covered  by  the  integument  and  fascia.  It  then  passes  beneath 
the  annular  ligament  into  the  hand.  In  its  coui'se  through  the  forearm  it  18 
accompanied  by  a  small  artery, 

Bnmcltes, — No  branches  are  given  off  from  the  median  nerve  in  the  arm.  In 
the  forearm  its  branches  are  muscular,  anterior  interosseous,  and  palmar  cuta- 
neous, and,  according  to  Iludinger  and  Macalister,  two  articular  twigs  to  the 
elbow-joint. 

The  imim'idirr  hranehes  supply  all  the  superficial  muscles  on  the  front  of  the 
forearm,  exeejit  the  Flexor  carpi  ulnaris.      These  branches  ai*e  derived  from  the 


nerve  near  the  elbow.     The  radial  head  and  uidex  fifiger  belly  of  the   Flexor 

8ijbHmi&,  each  has  a  separate  filament. 

The  (titferior  inttTogrn'oiis  supplies  the  deep  muscles  on  the  front  of  the  fore- 
arm, except  the  inner  half  of  the  Flexor  profundus  digitorum.  It  aceompaniea 
the  uiiteriur  iiilero.sseoiis  artery  along  the  interosseous  membrane,  in  the  interval 
between  the  Flexor  longus  pollicis  uiid  Flexor  profundus  dighorum  muscles,  both 
of  which  it  supplies,  and  terminates  beltjw  in  the  Prunator  quadrat  us. 

The  palmar  vutaneou:^  hnmeh  arises  from  the  median  nerve  at  the  lower  part 
of  the  fiu'earm.  It  pierces  the  fascia  above  the  annular  ligament,  and,  descending 
over  that  ligament,  divides  into  two  branches:  of  which  the  outer  su|*]dies  the 
skin  over  the  ball  of  the  thumb,  and  eommunicates  with  the  anterior  cutaneous 
branch  of  the  rausculo-eutaneous  nerve  ;  and  the  inner  supplies  the  integument  of 
the  palm  of  the  hand,  connnunicating  with  the  cutaneous  branch  of  the  ulnar. 

In  the  palm  of  the  hand  the  median  nerve  is  covered  by  the  integument  and 
palmar  fascia  and  crossed  by  the  superficial  palmar  arch.  It  rests  n\nm  the 
tendons  of  the  flexor  muscles.  In  this  situation  it  becomes  enlarged,  somewhat 
flattened,  of  a  reddish  color,  antl  divides  into  two  branches.  Of  these,  the 
rj-^^r/io'/ supplies  a  muscular  branch  to  some  of  the  muscles  of  the  thumb  and 
digital  branches  to  the  tbundj  and  index  finger;  the  intenml  supplies  digital 
branches  to  the  contiguous  sides  of  the  index  and  middle  and  of  the  middle  and 
ring  fingers. 

The  branch  to  the  muacles  of  the  thumb  is  a  short  nerve  which  subdivides 
to  supply  the  Abductor,  Opponens,  and  outer  head  of  the  Flexor  brevis  jiollicis 
muscles,  the  remaining  muscles  of  this  group  being  supplied  by  the  ulnar 
nerve. 

The  digital  hranehes  are  five  in  number.  The  first  and  necond  pass  altmg  the 
borders  of  the  thumb,  the  external  branch  communicating  with  brunches  of  the 
radial  nerve.  The  third  passes  along  the  radial  side  of  the  index  finger,  ami 
supplies  the  First  lumbricalis  muscle.  The/'^^/*r/A  subdivides  to  supply  the  adjacent 
sides  of  the  index  and  middle  fingers,  and  sends  a  branch  to  the  Second  lumbrical 
muscle.  The  fifth  supplies  the  adjacent  sides  of  the  middle  and  ring  fingers,  and 
eomtnunicates  with  a  branch  from  the  ulnar  nerve* 

Each  digital  nerve,  opposite  the  base  of  the  first  phalanx,  gives  oft'  a  dorsal 
branch,  which  joins  the  dorsal  digital  nerve  from  the  radial  and  runs  along  the 
side  of  the  dorsum  of  the  fingej*,  to  end  in  the  integument  over  the  last  phalanx. 
At  the  end  of  the  finger  the  digital  nerve  divides  into  a  palmar  and  a  dorsal 
branch,  the  former  of  which  supplies  the  extremity  of  the  finger,  and  the  latter 
ramifies  round  anil  beneath  the  nail.  The  digital  nerves,  as  they  run  along  the 
fingers,  are  }ihiced  sujierficial  to  the  digital  arteries. 

The  Ulnar  Nerve  (Fig,  5(H>)  is  placed  along  the  inner  or  ulnar  side  of  the  up]*er 
limb,  and  is  distributed  to  the  muscles  and  integument  <»f  the  forearm  and  hand. 
It  is  smaller  than  the  median,  behind  which  it  is  placed,  diverging  from  it  in  its 
course  down  the  arm.  It  arises  fi^om  the  inner  cord  of  the  brachial  plexus,  in 
common  with  the  inner  head  of  the  median  and  the  internal  cutaneous  nerve,  and 
derives  its  fibres  from  the  eighth  cervical  and  first  dorsal  nerves.  At  its  commence- 
ment it  lies  at  the  inner  side  of  the  axillary  artery,  and  holds  the  same  relation 
with  the  brachial  artei-y  to  the  middle  of  the  arm.  From  this  |»oint  it  runs  obliquely 
across  the  internal  head  of  the  Triceps,  pierces  the  internal  intermuscular  septum, 
and  descends  to  the  groove  between  the  internal  condyle  and  the  olecranon,  accom- 
panied by  the  inferior  profunda  artery.  At  th*i  eJhoa'  it  rests  upon  the  l)ack  of  the 
inner  condyle,  and  pa^sses  into  the  forc^arm  between  the  twf»  beads  of  the  Flexor 
carpi  ulnaris.  In  the  forearm  it  descends  in  a  perfectly  straight  course  along  its 
ulnar  side,  lying  upon  the  Flexor  proftimhis  digitorum,  its  upper  half  being  covered 
by  the  Flexor  carpi  ulnaris,  its  lower  half  lying  on  the  outer  side  of  the  muscle, 
covered  by  the  integument  and  fascia.  The  ulnar  artery,  in  the  upper  third  of  its 
course,  is  separated  from  the  ulnar  nerve  by  a  considerable  interval,  but  in  the 
rest  of  its  extent  the  nerve  lies  to  its  inner  side.     ^4/  the  leritit  the  ulnar  nerve 
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eroaaes  the  Mnnrtlar  ligament  on  the  outer  side  of  the  pisif^^t-m  bone,  to  the  inner 
side  and  a  little  behind  the  ulnar  arterv,  and  immediately  beyond  this  bone  divides 
into  two  braocheii,  superficial  and  deep  jialmar. 
The  branches  of  the  ulnar  nerve  are~ 

^  Articular  (elbow). 

Muscular.  ^  c^         £■  ♦  i       i 

In  the  forearm  ■   Cutaneous.  In  the  hand  j  ^""V^^^^f  Palmar 

Dorsal  cutaneuuB.  '  ^^*P  P'^'"^*'''- 

^Articular  (wHet). 

The  artkuhtr  branches  distributed  to  the  elbow-joint  consist  of  several  small 
filaments.  They  arise  from  the  nerve  as  it  lies  in  the  groove  between  the  inner 
condyle  and  olecranon. 

The  mmcuiar  hranche»  are  two  in  number — one  supplying  the  Flexor  carpi 
nlnaris  ;  the  other,  the  inner  half  of  the  Flexor  profundus  digitorum.  They  arise 
from  the  trunk  of  the  nerve  near  the  elbow. 

The  eaUuttotis  bratich  arises  from  the  ulnar  nerve  about  the  middle  of  the  fore- 
arm, and  divides  into  two  branches. 

One  branch  (frequently  absent)  pierces  the  deep  fascia  near  the  wrist,  and  is 
distributed  to  the  integument,  communicating  with  a  branch  of  the  internal 
cutaneous  nerve. 

The  second  branch  (palmar  cutaneous)  lies  on  the  ulnar  artery,  which  it 
acconi|Mnies  to  the  hand,  some  filaments  entwining  round  (he  vessel;  it  ends  in 
the  integument  of  the  palm,  communicating   with   branches  of  the  median  nerve. 

The  Jorsitl  fHtftiifMus  branch  arises  about  two  inches  above  the  wrist ;  it  passes 
backward  beneath  the  Flexor  carpi  ulnar  is.  perforates  the  deep  fascia,  and,  along 
the  ulnar  side  of  the  back  of  the  wrist  and  hand,  divides  into  two  digital  branches, 
of  which  one  supplies  the  inner  side  of  the  little  finger,  and  the  other  bifurcates 
to  snjjply  the  adjoining  sides  of  the  little  and  ring  fingers;  it  communiciites  with 
the  postrrinr  branrii  of  the  internal  cutaneous  nerve*  and  sends  a  communicating 
filament  to  that  branch  of  the  radial  nerve  which  supplies  the  adjoining  sides  of 
the  middle  and  ring  fingers.  Sometimes  there  is  a  third  digital  branch  which 
goes  to  the  adjacent  sides  of  the  middle  anil  ring  fingers.  In  this  case  the  radial 
nerve-supply  is  correspondingly  dinjinished* 

The  sttprrjieiai  palmar  branch  supplies  the  Palmaris  brevis  and  the  integu- 
ment on  the  inner  siile  of  the  hiind,  smd  terminates  in  two  digital  hranehes,  which 
are  distriluited.  one  to  the  ulnar  side  of  the  little  finger,  the  other  to  the  adjoining 
sides  of  the  little  and  ring  fingers,  the  latter  communicating  with  a  branch  from 
\  the  median.  The  digital  branches  are  distributed  to  the  fingers  in  the  same 
r manner  as  the  digital  branches  of  the  median.  The  dra^mil  digital  branches, 
>  except  those  on  the  little  finger,  do  not  extend,  as  a  rule,  beyond  the  second 
phalanx,  the  remaining  portion  of  the  skin  being  supplied  by  filaments  ironi  the 
corresponding  palmar  digital  branch. 

The  deep  paimar  brnnvh  passes  between  the  Abductor  and  Flexor  brevis 
minimi  digiti  muscles,  and  follows  the  course  of  the  deep  palmar  arch  beneath  the 
flexor  tendons.  At  its  origin  it  supplies  the  muscles  of  the  Htfle  finger.  As  it 
crosses  the  dee|)  part  of  the  hand  it  sends  two  branches  to  each  interosseous 
space,  one  for  the  Dorsal  and  one  for  the  Palmar  interosseous  muscle,  the  branches 
to  the  Second  an<l  Thirrl  palmar  interossei  supplying  filaments  to  the  two  inner 
Lumbrical  mnscles.  At  its  termination  between  the  thumb  and  index  finger  it 
supplies  the  Adductores  trans  versus  et  obliquus  polUcis  and  the  inner  head  of  the 
Flexor  brevis  pollicis.  Art/ctdar  branrhes  to  the  wrist  are  derived  from  this 
nerve. 

The  Musculo-spiral  Herre  (Fig.  501),  the  largest  branch  of  the  lirachial  j  ilex  us, 
Bupplies  the  muscles  of  tin*  back  part  of  the  arm  and  forearm  and  the  integument 
of  the  same  parts,  as  well  as  that  of  the  back  of  the  hand.  It  arises  from  the 
posterior  cord  of  the  bruchial   plexus  by  a  common  trunk  with  the  circunifiex 
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nerve,  and  is  afterward  joined  by  the  posterior  division  of  the  trunk,  formed  by 
the  junction  uf  tbo  eighth  cervical  and  first  dorsal  nerves.  It  receives  filamenU 
from  the  sixth,  Btventli,  and  eighth  cervical  and  first  dorsal  nerves.  At  its  corn- 
men  cunient  it  is  placed  behind  the  axillary  and  up|>er  part  of  the  brachial  arteries, 
passing  down  in  front  of  the 
tendons  of  the  Latissimus  dorsi 
and  Teres  major.  It  winds 
round  the  hoiuerus  in  the  mus- 
culo'Spirnl  trroove  with  the  su- 
perior profunda  artery,  passing 
from  the  inner  to  the  outer  side 
of  the  bone,  between  the  inter- 
nal and  external  heads  of  tht* 
Triceps  muscle.  It  pierces  the 
external  intermuscular  septum, 
and  descends  between  the 
Brachial  is  anticus  and  Supi- 
nator longtis  to  the  front  of 
the  external  condyle,  where  it 
divides  into  the  radial  nnd 
posterior   interosseous   nerves. 

The  branches  of  the  mus- 
culo-spiral   nerve  are- 
Muscular. 
Cutaneous. 
Radial. 
Posterior  interosseons. 

The  muneitlar  branches  are 
divided  into  internal,  posturior, 
and  external ;  they  supply  the 
Triceps,  Anconeus,  Supinator 
lougus,  Extensor  carpi  radialis 
longior,  and  Brachialis  anti- 
cus. These  brsiuches  are  rle- 
rived  from  the  nerve  at  the 
inner  side,  back  part,  and 
outer  side  of  the  arm. 

The  internal  muscular 
branches  supply  the  inner  and 
middle  beads  of  the  Triceps 
uinscle.  That  to  the  inner 
bead  of  the  Triceps  is  a  long, 
slender  filament  which  lies 
close  to  the  ulnar  nerve,  as  far 
as  the  lower  third  of  the  arm, 
and  is  often  intimately  con- 
nected with  it  {ulnar  collateral 
branch). 

The  posterior  muscular 
branch,  of  lar^e  size,  arises 
from  the  nerve  in  the  groove 
between  the  Triceps  and  the 
Iiumerus.  It  divides  into  branches  which  supply  the  outer  and  inner  head  of  the 
Triceps  and  Anconeus  muscb's.  The  branch  for  the  latter  muscle  is  a  long,  slen- 
der hlament  which  descends  in  the  substance  of  the  Triccfm  to  the  Anconeus* 

The  external  muscular  branches  sup]>ly  the  Supinator  longus,  Extensor  carpi- 
radialis  longior,  and  (usually)  the  outer  part  of  the  Brachialis  anticus. 


.V. 


Fig.  501. 
nerves. 
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The  cutanemis  branches  are  three  in  number,  one  internal  and  two  externaL 

The  internal  cuhinefnis  braiich  arii^es  in  the  axillary  space  with  the  inner  mii.^* 
eular  branch.  It  is  <»f  siuall  size,  unrl  pa8.ses  through  the  axilla  to  the  inner  side 
of  ihe  arm,  supplying  the  iritegunienl  on  it8  posterior  aspect  nearly  a:?  far  ai*  the 
oleerunon.  In  its  course  it  crosses  beueath  the  intercusto-htuneraL  with  which 
it  coniinunicatei?. 

The  two  external  eutaneou^  branches  perforate  the  outer  head  of  the  Triceps 
at  it8  attaehnjent  to  the  huraerue.  The  upper  and  smaller  one  j*as8es  to  the 
front  of  the  elhow,  lyin^Lj;  close  to  the  cephalic  vein,  and  supplies  the  integu- 
ment of  the  lo\\er  hsilf  of  the  arm  on  its  anterior  aspect.  The  lower  branch 
pierces  the  deep  fascia  below  the  insertion  of  the  Deltoid,  and  passes  down  along 
the  outer  side  of  the  arm  and  elbow,  and  then  along  the  hack  part  of  the  radial 
side  of  the  forearm  to  the  wrist,  supplying  the  integument  in  ha  course,  and  join* 
ing,  near  its  termination,  with  the  posterior  cutaneous  brsincli  of  the  musculo- 
cutaneous nerve 

The  radial  nerve  passes  along  the  front  of  the  radial  side  of  the  fi>reapni  to 
the  couiraeneement  of  it.s  h>wer  third.  It  lies  at  first  a  little  to  the  outer  side  of 
the  radial  artery,  concealed  beneath  the  Supinator  longus.  In  the  middle  third 
of  the  foreanu  it  lies  beneath  the  same  muscle,  in  close  relation  with  the  outer 
side  of  the  artery.  It  (pi its  the  artery  about  three  inches  above  the  wrist,  passes 
beneath  the  ti'ndon  of  the  Supinator  longus,  and,  piercing  the  deep  fascia  at  the 
outer  border  of  the  forearm,  divides  into  two  hriinehes. 

The  external  branch,  the  smaller  of  the  two,  su|> plies  the  integument  of  the 
radial  side  and  ball  of  the  thumb,  joining  with  the  anterior  branch  of  the  musculo- 
cutaneous nerve. 

The  internal  branch  communicates,  above  the  wrist,  with  the  posterior  cuta- 
neous branch  from  the  mnsculo-cntaneous,  and  on  the  hack  of  the  hand  forms  an 
arcli  with  the  dorsiil  cutaneous  brunch  of  the  ulnar  nerve.  It  then  clivides  into 
three  digital  nerves,  which  are  distributed  as  follows:  The  first  supplies  the  ulnar 
side  (d'  the  thumb  and  the  radial  side  of  the  index  finger ;  the  second,  the  adjoin- 
ing sides  of  the  index  and  middle  fingers:  and  the  third,  the  adjacent  borders  of 
the  middle  and  ring  fingers.*  The  latter  nerve  communicates  with  a  filament 
from   the  dorsal  branch  of  the  ulnar  nerve. 

The  Posterior  Interosseous  Nerve  winds  to  tlie  hack  of  the  forearm  through 
the  fibres  of  the  Supinator  brevis,  and  pusses  down,  between  the  sufierficial 
and  deep  layer  of  muscles,  to  the  middle  of  the  forearm.  Considerably  dimin- 
ished in  size,  it  descends  on  the  interosseous  membrane,  beneath  the  Extensor 
longus  pollieis,  to  the  hark  of  the  carpus,  where  it  presents  a  gangliform 
enlargement  from  which  filaments  are  distributed  to  the  ligaments  and  artic- 
ulations i>f  the  carpus.  It  sup] dies  all  the  muscles  of  the  rndial  and  posterior 
brachial  regions,  excepting  the  Anconeus,  Supinator  longns,  and  Extensor  carjd 
radialis  longior. 

Surgical  Anatomy.— The  hnudnal  plexus  may  he  piptiired  by  t  met  ion  on  the  limb  kmliiiir 
to  eiim|>lL'te  paralysif^.  In  tlu^-^e  eases  the  lesion  would  appear  to  he  rather  a  tearin^^  away  of 
the  tMTves  from  the  sjjinal  tord  than  a  sohuion  of  funtinuUy  of  the  nerve-fihres  themselves.  In 
the  lixiUii  imy  of  the  ihtvcs  tbniiiai;  tlie  hnichial  plexas  may  l>e  injured  in  a  wuunil  of  this  UiOt. 
the  median  bciap  tlie  one  whiidi  is  most  fre^jiieiitly  damaged  fnmi  its  ixpi?ie<l  |Uisition,  aad  the 
museuki'Sf^ind,  on  aeeount  of  its  sheltered  lind  deep  position^  Ix'iiig  ihe  lea^^l  oftea  wounded. 
The  hrachisd  plexus  in  the  axilla  is  often  dauia^'ed  troni  the  pressure  of  a  t-nitel].  |(rodaeing  tiie 
rtjudition  knnwii  as '*  iTUtch  pandysis.  '  In  these  eases  the  uiusiti  do -spiral  appears  to  twa  the 
nerve  vvhirli  is  most  fxeipu^nlly  iuiplieated  to  the  greatest  extent,  the  ulnar  nerve  being  the  one 
that  apiH?ars  to  sufier  next  in  frequeney. 

The  iiifttntjlrx  mrve  la  of  tmrtieular  miririeal  interest.  On  aeeourjt  of  its  eourse  round  the 
joint  it  is  liable  to  be  torn  in  mo-ttires  of  the  suriirieal  iieek  of  the  humerus  antj  in  dislwatimis 
of  the  shoulder-joiat.  If  ailing  to  pfiralysis  of  tlie  deltoiii,  ami,  aeeordiiig  to  Erh,  iuflammati*m  of 
the  8lioui<ler-joiut  is  liable  to  be  followed  by  a  neuritis  of  this  nerve  from  extension  of  the 
iafiamiuation  to  it. 

'  AcK-onlinR  to  Hutchinson,  the  digital  nerve  tt:>  the  thninb  rejiches  only  as  hiyh  as  tlie  ront  of  ihe 
niul ;  the  one  to  ikt!  lurelinger  m  high  as  the  niitldlc  uf  llie  second  phalanx;  and  the  one  to  the  mid 
die  and  ring  Bngerii  not  higher  than  the  tir^t  phalangeal  jiunt  (Lonami  Hasp,  Oaz»  Tol.  iti.  p.  319.) 
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Mr.  ITilton  tiike«  the  cireumflcx  nene  m  an  illustration  of  a  law  which  he  laye  down,  that 
**  the  game  trmik.s  <>f  serves  whose  bmuehes  supply  the  grants  of  mutk^les  moving  a  ioiiit  tiirnish 
also  a  distribution  of  nerves  to  the  skin  over  the  ini^erlions  of  the  8time  luuseles,  and  the  interior 
of  the  joint  reeeives  \i&  nerves  from  the  same  souroe."  In  this  way  he  explains  the  fact  that  an 
inflamed  joint  beeomes  nsrid,  because  the  same  nerves  wliieh  supply  the  interior  of  the  joint 
supply  the  nius<^!et*  also  which  move  that  joint. 

The  mtyUiiH  i/*^nv  is  liable  to  injury  in  wounds  of  the  forearm.  When  paralyzed,  there  is 
loss  of  tiexion  of  the  second  phalanges*  of  all  the  tin^'ers  and  of  the  tenninid  pbalanjties  of  the 
Index  and  rniddk'  fiiietin*,  tVxion  of  the  tenuiiial  phalanpes  of  the  ring  and  noddle  fincers  ig 
effected  hy  that  ixirtiou  of  the  Flt-xor  pn>fundus  digitonmi  which  is  i^ujpjthed  by  the  uliiiir  nerve. 
There  is  power  to  flex  the  proximal  pbalanj^^cs  through  the  luteroSHei.  Tlie  thumb  cannot  he 
flexed  or  opposed,  and   is  maintained  in  a  position  of  extension  and  adduction.     All  jvower  of 

tjronarion  i^  lost.  The  wrist  can  he  Hexed,  if  the  band  h  first  adducteii  by  ibe  action  «d'  the 
'Icxmt  eartti  ulnarls.  There  is  lojis  or  impainnent  of  sensation  on  the  palmar  surface  of  the 
thumh.  imlex,  middle,  and  outer  half  of  the  riiiL'  iinper^,  and  on  the  doi^i^al  surfaee  of  the  same 
Angers  over  the  last  two  pbalan^rei* ;  cxecpt  in  tlie  thund>.  where  the  hxss  of  sensation  would  he 
limited  to  the  baek  of  tne  hist  phalanx.  In  onler  to  expose  the  median  nerve  for  the  nurpose 
of  strctchin.i:  an  incision  should  Ije  made  along  the  ulnar  side  of  tht*  tendon  of  the  Palmaris 
lontrui*,  which  serves  as  a  j£uide  to  the  nerve. 

The  uliiur  nerve  is  also  liable  to  be  injured  in  wounds  of  the  forcann.  When  pandyzed, 
there  is  loss  of  power  of  flexion  in  the  ring  and  little  fingers  ;  there  is  inijnnred  |MJWer  of  ohmr 
flexion  and  adauetion;  there  is  Inability  «o  sprea<3  out  the  fin trers  from  paralysis  of  the  Inter- 
f>s.*iei ;  and  there  is  inabihty  to  adduet  the  thwmb.  Sensation  is  lust  or  inipuired  In  the  skin  sup- 
plied by  the  nerve.  In  order  to  expose  the  nerve  in  the  lower  purl  of  the  loreann,  nn  ijjeision 
should  be  made  alon;?  the  outer  btjnler  of  the  tendon  of  the  Flexor  carpi  ulnaris,  and  the  nerve 
will  be  found  lying  on  the  uJnar  side  of  tlie  ulnar  artery. 

The  mmctth-i^piral  iifTve  is  probably  more  frei|ucntly  injured  than  any  other  nen\^  of  ihe 
upper  t'xtremity.  In  consequence  of  its  tlose  relationship  to  the  biunerns  us  it  lies  in  the  nius- 
eulo-splnil  ;E:rc«jve.  it  is  fre<juently  torn  *>r  injnrcd  in  fraetures  of  this  bone,  or  subsetpiently 
involved  in  the  callus  that  may  lie  thrown  out  around  a  fracture,  and  thus  nressed  upon  and  its 
fnneti*»ns  interfered  with.  It  is  also  liable  to  l>e  eontns^xl  against  the  bone  oy  kicks  or  blows  or 
to  be  divided  by  wtiunds  of  the  arm.  When  pamlyzed,  the  hand  is  flexed  at  the  wrist  iinti  lies 
flaccid.  This  is  known  a^  "  drop-wrist."  llie  fingers  are  also  flexed,  and  on  an  attempt  l>eing 
made  to  extend  them  the  hist  two  phalanges  only  will  be  extended  through  the  aetion  id"  the  Inter- 
osseij  the  first  phakm^es  remaining  flexed.  There  Is  no  power  of  extcmlinir  ilic  wrist.  Supina- 
tion is  c'fimpletely  lost  when  the  tbrcann  is  extended  on  the  arm.  but  it  is  i^tssible  to  a  certain 
extent  ii  the  forearm  is  flexed  so  as  to  allow  of  the  action  of  the  Bicei>s.  The  power  of  eiten- 
sion  id' the  fbreanu  is  hist  on  account  of  paralysis  of  the  Trk-eps.  The  best  position  in  which 
to  exposi*  the  nerve  for  the  puqiosc  of  stretching  is  to  nitike  ati  Incision  alnng  die  inner 
border  of  the  Supinator  longiL^.  just  aljove  the  level  of  the  elbow  J<*int.  The  skin  and  super- 
ficial structures  are  to  f>c  ilividefl  and  the  deep  fWia  ex  nosed.  The  white  line  in  this  struc- 
ture indicating  the  Kwjrder  of  the  nms^'le  is  to  be  delincfl.  tnid  the  deep  fasela  divided  in  this 
line.  By  now  raising  the  Supinator  lougus  the  nerve  will  be  found  lying  beneath  it,  on  the 
Brachial  is  antic  us. 


THU   DORSAL   NBEVES  (Fig,  502). 

The  Dorsal  Nerves  arc  twelve  in  number  on  oach  side.  The  fii^sit  appears 
between  tbc  first  and  «ect>nd  dorsal  vertebrie*  and  the  k«t  between  the  last  dorsal 
ami  first  lumbar. 

The  roof^  of  th*-  dornal  nenh's  are  of  small  size,  and  vary  but  slightly  fi-om  the 
second  to  the  last*  Both  roots  are  very  slender,  the  posterior  roots  only  slitrhtly 
exceeding  the  anterior  in  tbicknei^s.  They  gradually  increase  in  length  from 
above  downwaixK  and  pass  down  in  contact  with  the  spinal  cord  for  a  distance 
equal  to  the  height  of,  at  least,  two  vertebne,  in  the  lower  part  of  the  dorsal  region, 
before  they  emerge  from  the  spinal  canal.  They  then  join  in  the  intervertebral 
foramen,  and  at  their  exit  divide  into  two  primary  divisions,  a  posterior  (dorsal) 
and  an  anterior  (intercostal). 

The  first  and  last  dorsal  nerves  ai^e  peculiar  in  some  respects. 

Posterior  Divisions  of  the  Dorsal  Nerres. 

The  posterior  diviaions  of  the  dorsal  nerves,  which  are  smaller  than  the  ante- 
rior, pass  backward  between  the  transverse  processes,  and  divide  into  inteinul  and 
external  branches. 

The  inter  tail  hnuu-hi'H  of  the  six  upper  nen^fis  pass  inward  between  the  Semi* 
spinalis  dorsi  and  Multifidns  spinse  muscles,  which  they  supply,  and  then,  piercing 
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the  origins  of  tbe  Rhomboidei  nod  Trapezius  muscles,  become  cutaneous  by  the 
side  of  the  spinous  processes  and  rumifv^  in  the  integument.  The  internal  branches 
of  the  six  lower  nerves  are  distributed  to  tbe  Mulfifidus  spinse,  without  giving  off 
any  cutaneous  filaments. 

The  twtcrnal  branches  increase  in  size  frotn  above  downward.  They  pass 
through  the  Loiigissiinus  dorsi  to  the  cellular  interval  between  it  and  the  Ilio- 
costalis,  and  su|)ply  those  muscles,  as  well  as  their  continimtions  upward  to  the 
head,  and  the  Levatores  costarum  ;  the  five  or  six  lower  nerves  also  give  oft' 
cutaneous  filaments,  which  juerce  the  Serratns  posticus  inferior  and  Latissimiis  dorsi 
in  a  line  with  the  angles  of  the  ribs,  and  then  ramity  in  the  integument. 

The  eutanrous  braneht-s  of  tbe  dm*»aJ  rwnH'g  are  twelve  in  number.  The  six 
upper  cutaneous  nerves  are  derived  from  the  internal  bninches  of  the  posterior 
divisions  of  the  dorsal  nerves.  They  pierce  the  origins  of  the  Rhomboidei  and 
Trajjezitis  muscles,  and  become  cutaneous  by  the  side  of  the  spinous  j>rocessea, 
and  then  ramify  in  the  integument.  They  are  frequently  furnished  with  gangliform 
enlargements.  The  six  lower  cutaneous  nerves  are  derived  from  the  external 
branches  of  the  posterior  divisions  of  the  dorsal  nerves.  They  pierce  the  Serratus 
posticus  inferior  and  Latissimus  dorsi  in  a  line  with  the  angles  of  the  ribs,  and 
then  ramify  in  tbe  integument. 

Anterior  Dmsions  of  the  DorsaJ  Nerves. 

The  anteiior  divisions  of  the  dorsal  aerves  {intert'oi^titl  nerf^esi)  are  twelve  in 
number  on  each  side.  They  are,  for  the  m*>st  part,  distributed  to  the  parietes  of 
the  thorax  and  abdomen,  separately  from  eacli  other,  without  being  joined  in  a 
plexus;  in  which  respect  they  diff'er  from  the  other  spinal  nerves.  Each  nerve  is 
connected  with  the  adjoining  ganglia  of  the  sympathetic  by  one  or  two  filaments. 
The  intercostal  nerves  may  be  divided  into  two  sets,  from  the  difference  they 
present  in  their  distribution.  The  six  upper,  with  tbe  exception  of  the  first  and 
the  intercosto-humeral  branch  of  the  second,  are  limited  in  their  distribution  to  the 
parietes  of  the  chest.  The  six  lower  supply  the  parietes  of  the  chest  and  abdomen, 
the  last  one  sending  a  cutaneotis  filament  to  the  hip. 

The  First  Dorsal  Nerve. — The  anterior  division  of  the  first  dorsal  nerve  divides 
into  two  branches;  one,  the  larger,  leaves  the  thorax  in  front  of  the  neck  of  the 
first  rib,  and  enters  into  the  formation  of  the  brachial  plexus  ;  the  other  and 
smaller  branch  runs  along  the  first  intercostal  space,  forming  the  fir»t  Intercontal 
nervt\  and  terminates  on  the  front  of  tbe  chest  by  forming  the  first  anterior 
ctitaneous  nerve  of  the  thorax.  Occasionally  this  anterior  cutaneous  branch  is 
wanting.  The  first  intercostal  nerve,  as  a  rule,  gives  off  no  lateral  cutaneoTis 
branch,  hot  sometimes  a  small  branch  is  given  off  which  communicates  with  the 
intercosto-humeral. 

Tlie  Upper  Dorsal  Nerves. — The  anterior  divisions  of  the  second,  third*  fourth, 
fifth,  and  sixth  dorsal  nerves  and  the  small  branch  from  the  first  dorsal  are 
confined  to  the  parietes  of  the  thorax,  and  are  named  upper  or  pectoral  mtercontal 
ncrtH'S,  They  pass  forward  in  tbe  intercostal  spaces  with  the  intercostal  vessels, 
being  situated  below  them.  At  the  back  of  tbe  chest  they  lie  between  the  pleura 
and  the  External  intercostal  muscle,  but  are  soon  placed  between  the  two  planes 
of  Intercostal  muscles  as  far  as  the  middle  of  the  rib.  They  then  enter  the 
substance  of  the  Internal  intercostal  muscles,  and,  running  amidst  their  fibres  as  far 
as  the  costal  cartilages,  they  gain  the  inner  surface  of  the  muscles  and  lie  between 
them  and  the  pleura.  Near  the  sternum  they  cross  the  internal  mammary  artery 
and  Triangularis  sterni  muscle,  pierce  the  Internal  intercostal  and  Pectoralis  major 
muscles,  and  so[i|dy  the  integument  of  tbe  front  of  the  chest  and  over  the 
mammary  gland,  forming  the  miteri<fr  eutaneous  fierveg  t^f  tlh'  tbor(jj\  the  branch 
from  the  seciuid  nerve  becoming  jtoned  with  tbe  supraclavicular  nerves  of  the 
cervical  plexus, 

Bninckeg. — Numerous  slender  muscular  filaments  supply  the  Intercostals,  the 
Infracostales,  the  Levatort-s  costarum,  Serratiis  posticus  superior,  and  Triangularis 
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Fig,  502.— Suncrflciiil  And  deep  difitpibutlnn  of  the  pofitcrlor  brancheis  nf  the  spluftl  nerves  (■tier  Fllnehfeld 
iind  Leveillt^),  On  the  left  Bide  the  eutaucous  brntirheB  arc  represented  lying  on  the  BUperficinl  layer  of  mua- 
ole».  On  the  ripht  »l'l>'  the  supertieSal  miiMiles  hiive  l>een  Pi'iinjvt^d^  the  Splenlna  capitis  and  Coinplexu.N  divided 
In  the  neck,  and  the  Erector  siplnse  divided  and  tjwrtly  removed  In  the  liACk,  (Ki  a»  t^>  expose  the  iKiaierior  divis- 
ions of  the  Apiiial  nerves  near  their  nrip^lii,  a  a.  Leaser  ixMiisHal  nc'rve  from  the  eervlcal  plexua.  1.  External 
muscular  branches  of  the  first  iX^rvical  nerve,  and  imUm  by  a  loop  with  tlu^  Hcmnd*  2,  placed  on  the  Heetua 
eapitis  fkostieuM  major  rausele,  marka  the  threat  oeeipital  nerve,  puitiiiinK  round  the  short  mtutclea  and  ptercine: 
the  Complexua  :  theextt-rnal  bmneh  is  seen  to  the  oiitMide.  3.  Externoi  briinch  from  the  posterior  division  of 
the  third  nerv<^.  3'.  Us  IntLrnal  branch,  Rometiines  e«lled  the  third  weipitiiL  4' to  8'.  The  fnlemal  bmnches 
of  the  MjverAl  correspond  I  UK'  ntTvi'«  on  the  left  side.  The  ifxternal  branches  of  these  nervt'ji,  proceeding  to 
muselen,  are  displayed  oti  the  right  Hide.  4  1  to  d  fi,  and  thence  to  d  VI.    External  muiteular  branches  of  the  pos- 


terior divisions  of  the  twelve  dorsal  nerves  on  the  right  side,  d  V  tod  6'.  The  Internal  tiitaDtons  branehes  of 

the  six  upper  dor»al  nerves  on  the  left  side,  cf  7' to  fifi'.  Oi 

six  lower  fforsal  nerves,    tt.  External  hranehe'?  fVnm  the  T>fisterior  divlslonK  of  several  lumbar  nerve*  on  the 


L^nlaneuns  twigs  from  the  txh^rniil  branfiies  of  the 


right  side,  plereiug  the  museb'S.  the  lower  dcsioriuliuii; -ivrr  the  gluteal  reginn.  ft'.  The  &iime,  more  sujief- 
ftclally,  on  the  left  aide.  <  f.  The  hsue  and  union  by  1omj»s  mT  the  ptisterlor  division*  of  four  satral  nerves  on  the 
right  Hide,    g'  t^.  ^me  of  those  distributed  to  the  Hkiii  un  the  left  side. 

sterni  muscles.  Some  of  these  branclies,  at  the  front  of  the  chest,  cross  the  costal 
cartilages  from  one  to  another  intercostal  space. 
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Lateral  (Jutaneous  Nerves. — These  arc  derived  horn  the  intercostal  ner%'eg, 
midway  between  the  vertebra^  and  sternum:  they  pierce  the  External  intercostal 
and  Serratus  raagnus  mnscles,  and  divide  into  two  branches,  anterictr  and  posterior. 

The  anterior  branehes  are  reflected  forward  to  the  side  and  the  fore  part  of  the 
chest,  Biapplving  the  integument  of  the  chest  and  mnnima  and  the  upper  digitationa 
nf  the  External  oblifjue. 

The  post*' r for  bratteheii  are  reflected  backward  to  supply  the  integnment  over 
the  scapnla  and  over  the  Latigsimiis  dorsi. 

The  lateral  ctitaneous  brand i  of  the  second  intercostal  nerve  is  of  lat^ge  size, 
and  does  not  divide,  like  the  Dther  nerves,  into  an  anterior  and  posterior  branch. 
It  is  named,  from  its  origin  and  distribotion,  the  intercosto-huifterai  nerve  (Fig.  500), 
It  pierces  the  External  intercostal  mnsclc»  crosses  the  axilla  to  the  inner  side  of 
the  arm,  and  joins  with  a  filament  from  the  nerve  of  Wrisberg,  It  tben  pierces 
the  fascia,  and  supplies  the  skin  of  the  upper  lialf  *if  tbe  inner  and  back  part  of 
the  arm,  communicating  with  the  internal  cutaneous  branch  of  tbe  lousctilo-spiral 
nerve.  The  size  of  this  nerve  is  in  inverse  proportion  to  the  size  of  the  other 
cutaneous  nerves,  especially  the  nerve  of  Wrisberg.  A  second  intercosto-humeral 
nerve  is  frerjuently  given  off"  from  the  third  intercostal.  It  supplies  filaments  to 
the  !irm|>it  and  inner  sicle  of  I  he  arm. 

The  Lower  Dorsal  Nerves»— The  interior  divisions  of  the  seventh,  eighth,  ninth, 
tenth,  and  eleventh  dorsal  nerves  are  continued  anteriorly  from  the  intercostal 
spaces  into  the  abdominal  wall,  hence  these  nerves  are  named  iotrer  or  abdominal 
iutercogfal  nerveat ;  the  twelfth  dorsal  is  continued  throughout  its  whole  course  in 
tbe  abdominal  wall,  since  it  is  placed  below  the  hist  rib  (aubc^sfal  7n'rvc).  They 
have  (excejit  tbe  last)  the  same  arrangeinctit  as  the  upper  ones  as  far  as  the 
anterior  extremities  of  the  intercostal  spaces,  where  they  pass  behind  tbe  costal 
csirtilages,  and  between  the  Internal  obliifue  and  Transversalis  muscles,  to  the 
sheath  of  tbe  Rectus,  which  they  perforate.  They  supply  tbe  Rectus  muscle,  and 
terminate  in  hranehcs  which  become  subcutaneous  near  the  linea  alba.  These 
branches  are  named  the  anterior  eutaneous  nerres  of  the  abdomen.  They  are 
directed  outward  as  far  as  the  lateral  cutaneous  nerves,  supplying  the  integimient 
of  the  front  of  tbe  belly.  The  lower  intercostal  nerves  supply  the  Intercostals, 
Serratus  posticus  inferior,  and  Abdominal  muscles.  I'ihuntnts  have  been  traced 
to  the  costal  part  of  the  Diaphragm,  Abont  tlic  middle  of  their  course  they 
give  ofl*  lateral  cutaneous  branches,  which  pierce  tlie  External  intercostal  and^ 
External  obliijue  muscles,  in  the  same  line  ns  the  lateral  cutaneous  nerves  of  the 
thorax,  and  divide  into  anterior  and  posterior  branches,  which  are  distributed 
to  the  integnment  of  the  abdomen  and  back,  tbe  anterior  branches  passing  nearly 
as  far  forward  as  the  margin  of  the  Rectus,  the  posterior  branches  passing 
backward  to  supply  the  skin  over  the  Latissimus  dorsi,  where  they  join  the  dorsal 
cutaneous  nerves. 

The  last  dorsal  is  larger  than  the  other  dorsal  nerves.  Its  anterior  division 
runs  along  the  lower  border  of  the  last  rib  in  front  of  the  Quadratus  Inmborum, 
perforates  the  Transversalis,  and  passes  forward  between  it  and  tbe  Internal 
obi i< pie  to  be  distributL-d  in  the  same  manner  as  the  lower  intercostal  nerves.  It 
communicates  with  the  ilio-hypogastric  branch  of  the  lumbar  plexus,  and  is 
fre*[uently  connected  with  the  first  lumbar  nerve  by  a  slender  branch,  the  dorso* 
lumbar  nerve,  which  descends  in  the  substance  of  the  Quadi^atiis  lumborum. 

The  lateral  entaneous  brafieh  of  tbe  last  dori<al  is  remarkable  for  its  large  size: 
it  perforates  the  Internal  and  External  oblirpie  muscles,  passes  downward  over 
the  crest  of  the  ilium  in  front  of  the  iliac  branch  of  the  ilio-hypogastric  (Fig.  509), 
and  is  distributed  to  the  integiimcnt  of  the  front  of  the  hip,  some  of  its  filaments 
extending  as  low  down  as  the  trochanter  major.  It  does  not  divide  into  an  anterior 
and  posterior  branch  like  the  other  lateral  cutaneous  branches  of  the  intercostal 
nerves. 

Surgical  Anatomy. — The  lower  seven  iatcreostal  nerves  and  ibe  ilio-h)^>gafitric  frotn  the 
first  luujiiar  nerve  supply  the  skin  of  the  alxkiuiiiud  wall.     The3^  nin  downward  and  inward 
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fairly  c<juidistant  from  each  other.    The  sixth  and  seventh  supply  the  skin  over  the  "  pit  of  the 
sloDiac*li ; '*  the  eiirhth  corrc^pcindii  to  alxjut  the  posUiaii  of  the  nilrJdle  Hnea  transversa;  thej 
tcf»th  to  the  luuhilieus;  and  the  iH(>-hyiHjgii.s{ric  supplttti  th<^  skin  over  the  pubcs  nnd  externall 
ah(iuminal  ring.     There  are  several  poirits  of  sur^ieal  imrxirtance  a}K>ut  llie  flistnbution  of  thosdl 
nerves,  ami  it  \%  important  to  remember  their  origin  and  ^^^»ursc,  for  in  nianv  diseases  aflfeeting  | 
the  nerve-tnuiks  at  or  near  the  orijein  the  pain  is   refen*e(j  to  their  peripheral  terminations. 
Thus  in  Pott's  diiiease  of  ihe  spine  chiMren  will  often  be  brou^'ht  to  the  surgeon  siift'erinir  from 
pain  in  the  belly.     This  18  due  to  the  fact  that  the  nerve<s  are  irritated  at  the  ^at  of  disease  as 
they  issue  from  the  spinal  eanal.     When  the  irritation  is  eonfined  to  a  single  pair  of  nerves,  the 
sensation  complained  of  is  often  a  feeling  of  etjnstriction,  as  if  a  eord  were  tied  rcmnd  the  abdo- 
men ;  and  in  theae  cases  the  situation  of  the  senso  of  eonstriction  njay  serve  to  loealize  the 
dj,sease  in  the  spinal  column.     In  other  ea.ses.  where  the  bone  disease  is  more  extensive  and  two 
<ir  nwjre  nervet*  are  involvi?^!,  a  more  ^'eneral  diffused  pain  in  the  aUlomen  is  eomplained  of     A 
similar  (N>nditkin  is  sometimes  present  in  affections  of  the  eord  itself,  as  in  talies  dorszilis. 

A  grain,  it  must  l>e  l>ome  in  mind  that  the  same  ner^'ea  which  supply  the  skin  of  the  alxlomen 
supply  also  the  t>lanes  of  muscle  which  constitute  the  greater  pan  of  the  abdominal  wall  Flenee 
It  folbws  that  any  irritation  applied  to  the  |>eripheral  terminations  of  the  eulaneous  branches  in 
the  skin  of  the  abdomen  is  immediately  lbllowe«j  by  reflex  contraction  of  the  abdominsd  musi^les,  j 
A  good  praetical  illustration  of  this  may  sometimes  be  seen  in  watehin.ir  two  surgeons  examine 
the  abdomen  of  the  same  natient.  One,  whose  hand  is  cold,  ctuises  the  nnistlesof  the  abdominal 
wall  to  at  once  eontnietaml  the  Ix^lly  to  bet»ome  rigid^  and  thus  not  nearly  so  suitable  for  examina- 
tion; the  other,  who  has  taken  the  preeaution  to  warm  his  hand,  examines  the  ab«Jomen  with- 
out exciting  any  reflex  contraction.  The  supply  of  both  muscles  and  skin  from  the  same  souri:e 
is  of  importanee  in  protecting  the  abdommul  viscera  irom  injury.  A  blow  on  the  alKlomen, 
even  of  a  severe  character,  will  do  no  injury  to  the  viscera  if  the  muscles  are  in  a  i-ondition  of 
firm  cjntnietion ;  whereas  in  ciises  whetne  the  muscles  have  been  taken  uiuiwares,  and  the  blow 
has  l>een  struck  while  thcv  wen*  in  a  state  of  rest,  an  injuria'  insufficient  to  i)rcKiuce  any  lesion  of 
the  abdominal  wall  has  been  attended  with  rupture  of  some  of  the  alxlominal  contents.  The 
im]>ortanee.  therefore,  of  immediate  reflex  contraction  upon  the  receipt  of  an  injury  cannot  Ije 
overastimat-ed,  and  the  intimate  association  of  the  cutaneous  and  muscular  fibres  in  ilie  same 
nerve  produ<x*s  a  much  more  immctliate  response  on  the  part  of  the  njuscles  to  any  periplieml 
stimulation  of  the  cutatieous  filaments  than  would  be  the  case  if  the  two  sets  of  fibres  were  derived 
from  indejxuulent  sources. 

Again,  the  nerves  supplying  the  abdominal  muscles  and  skin  derived  from  the  lower  inter- 
costal nerves  are  intimat4?ly  connected  with  the  sympathetic  sujtplyinif  the  aWoUiinal  viscera 
throuifh  tile  lower  thoraeie  ganglia  from  whicli  the  splanchnic  nerves  are  derived.  In  con* 
sequence  of  this,  in  laecmtion  of  the  abdominal  viscera  and  in  tieute  peritonitis  the  muscles  of  the 
belly-wall  become  tiriuly  conlnu^te^l.  and  thus  as  far  as  |>ossible  preserve  the  abdominal  contents 
in  a  condition  of  rest, 

THE  LUMBAR  NEEVES. 

The  lumbar  nerves  are  five  in  laiiubcron  cuehside.  The  first  appears  between 
the  first  and  second  lumbar  vertebne,  and  the  last  between  the  last  lumbar  and  the 
base  of  the  sacrum » 

The  roots  of  the  lower  lumhar  (and  upper  sacral)  nerves  are  the  largest,  and  their 
filaments  the  most  numerous,  of  all  the  spinal  nerves,  and  thcv  are  closely  aggre- 
gated together  upon  the  lower  end  of  the  cord.  The  anterior  roots  are  the 
smaller,  but  there  is  not  the  same  disproportion  between  tbem  and  the  posterior 
roots  as  in  the  cervical  nerves.  The  roots  of  these  nerves  have  a  vertical  direction, 
anil  are  of  considerable  length,  more  especially  the  lower  ones,  since  the  spinal 
cord  does  not  extend  beyond  the  first  lumbar  vertebra.  The  roots  become  joined 
in  the  intervertebral  foramina,  and  the  nerves  so  formed  divide  at  their  exit  into 
two  divisions,  posterior  and  anterior. 

Posterior  Divisions  of  the  Lnmbar  Nerves. 

The  posterior  divisions  of  the  Itimhar  nerves  (Fig.  502)  diminish  in  size  frou 
above  downward ;  they  pass  backward  beneath  the  transverse  processes,  and 
divide  into  internal  and  external  branches. 

The  internal  hriincln'ii,  tlie  smaller,  pass  inward  close  to  the  articular 
processes  of  the  vertebni3,  and  supply  the  Midtihdus  spinse  and  Interspinales 
muscles. 

The  external  hrajitjheg  supply  the  Erector  spinre  and  Intertransverse  muscles. 
From  the  three  upper  branches  cutaneous  nerves  are  derived  which  pierce  the 
aponeurosis  of  the  Latis^imus  dorsi  muscle  and  descend  over  the  back  part  of  the 

54 


THE  NERVOUS  SVSTEM, 

crest  of  the  ilium,  to  lie  distributed  to  the  integument  of  the  gluteal  region,  some 
of  the  filaments  passing  as  far  as  the  trochanter  major  (uervi  clunium  mferiores). 

Anterior  Divisions  of  the  Lumbar  Nerves. 

The  anterior  divisions  of  tlie  lumbar  nerves  increase  in  size  from  above  down- 
ward. At  tlieir  origin  they  comniunicate  with  the  lumbar  ganglia  of  the  sym- 
pathetic by  long,  slender  filaments,  which  accompany  the  lumbar  arteries  round 
the  sides  of  the  bodies  of  the  vertebrae,  beneath  the  Psoas  muscle.  The  nerves 
pass  obliijuely  outward  behind  the  Psoas  magnus  or  between  its  fasciculi,  dis- 
tributing filaments  to  it  and  the  Quadratu^  luuiborum.  The  anterior  divisions 
of  the  four  ujiper  nerves  give  off  their  brauebcs  by  a  series  of  ijnastomotie  loops, 
which  are  called  the  lumbar  plexus.  The  anterior  division  of  the  fifth  lumbar, 
joined  with  a  branch  from  the  fourth,  descends  across  the  base  of  the  sacrum  to 
join  the  anterior  division  of  the  first  sacral  nerve  and  assist  in  the  format  ion  of 
the  sacral  plexus*  The  cord  resulting  from  the  union  of  the  fifth  lumbar  and  the 
branch  from  the  fourth  is  called  the  lHmltO't«r(Taf  nerv*\ 

The  Lumbar  Plexus. 

The  lumbar  plexus,  so  called,  is  formed  by  the  anastomotic  loops  above  men- 
tioned.    The  plexus  is  narrow  above,  and  often  connected  with  the  last  dorsal  by 
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Fig,  &U3.— Plan  of  tbo  tumbar  plexus, 

a  slender  branch,  the  iJurBo-lumhar  nerve;  it  is  broad  below,  where  it  is  joined  to 
the  sacral  plexus  by  the  lumbo-sacral  cord.  It  is  situated  in  the  substance  of  the 
Psoas  muscle  near  its  [josterior  part,  in  front  of  the  transverse  processes  of  the 
lumbar  vertebrae. 

The  njode  in  which  tlie  plexus  is  formed  varies  greatly  in  different  subjecta* 
A  plan  which  is  often  fouml  is  the  followinir:  The  first  lumbar  nerve  receives  a 
branch  from  the  last  dorsal,  and  gives  off  two  branches,  the  upper  of  which  sub- 
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divides  into  the  ilio-hypogastric  and  ilio-iiiguitial ;  the  lower  one  descends  and 
siihdividt'ff  into  two  branches,  an  atiterior  and  a  posterior^  The  second  lumbar 
nerve  sends  a  branch  to  join  with  the  anterior  of  the  two  preceding,  to  form  the 
genito-crural  nerve;  the  rest  of  the  nerve  then  receives  the  poad'rior  of  the  two 
above  mentioned,  and  proceeds  downward,  giving  off  an  external^  a  mtddii\  and 
an  infernal  branch.  The  tliird  lumbar  nerve  gives  off  three  branches,  known  as 
dorsal,  middle^  and  ventral  The  fourth  lumbar  nerve  also  divides  into  three 
branches,  known  as  anterior^  posterior,  and  inferior.  These  various  subdivisions 
now  unite  as  follows  :  The  exter/ial  from  the  second  joins  the  dorinal  from  the 
third  to  form  the  external  cutaneous  nerve.  The  middle  branches  from  the  second 
and  third  together  with  the  posterior  from  the  tburth,  unite  to  form  the  anterior 
crwral  nerve;  while  the  remaining  {intertiftl  and  ventral)  branches  of  the  second 
and  third  lnmt)iir  nerves  unite  with  the  anterior  of  the  fourth  to  form  the  oliturutnr 
nerve.  The  remainder  of  the  anterior  division  of  the  fourth  nerve  passes  down 
to  communicate  with  the  fifth  lumbar  nerve.  The  accessory  obturator,  when  it 
exists,  is  formed  by  a  small  branch  from  the  third  nerve  joining  with  a  smalU 
branch  from  the  fourth. 

From  this  arrangement  it  follows  that  the  ilio-hypogastric  and  ilio-inguinal 
are  derived  entirely  from  the  first  lumbar  nerve;  the  genito-crural  from  the  first 
and  second  nerves ;  the  external  cutaneous  from  the  second  aud  third ;  the  ante- 
rior crural  and  obturator  by  fibres  derived  from  the  second,  third,  and  fourth; 
and  the  accessory  obturator,  when  it  exists,  from  the  third  and  fourth. 

The  branches  of  the  lumbar  plexus  are — the 


Ilio-hypogastric. 
Ilio-inguinab 
Gen  i  to- crural. 
External  cutaneous. 


Anterior  crurab 
Obturator. 
Accessory  obturator. 


The  lUo-liypogastric  Herve  (superior  museulo-cutaneous)  arises  from  the  firsv 
lumbar  nerve.  It  emerges  from  the  outer  border  of  the  Psoas  muscle  at  its  upper 
part,  and  cro.ssei!i  obliquely  in  front  of  the  Quadratus  lumborum  to  the  crest  of  the 
ilium.  It  then  perforates  the  Transversalis  muscle  at  its  posterior  part,  near  the 
crest  of  the  ilium,  and  divides  between  il  and  the  Internal  oblique  into  two 
branches,  iliac  and  hypogastric. 

The  iliae  branch  pierces  the   Internal  and  External  oblique  muscles  imme- 
diately above  the  crest  of  the  ilium,  and  is  distributed  to   the  integument   of  the 
gluteal  region,  behiml  the  lateral   cutaneous  branch  of  the  hist  dorsal  nerve  (Fig, 
509).     The  si/,e  of  this  nerve  bears  an  inverse  projiortion  to  that  of  the  cutaneous^ 
branch  of  the  last  dorsal  nerve. 

The  h/po(ja»trie  braneh  (Fig.  505)  continues  onward  between  the  Internal 
obliijue  and  Transversalis  muscles.  It  then  pierces  the  Internal  oblique,  and 
near  the  middle  line  perforates  the  aponeurosis  of  the  External  oblique,  about  an 
inch  abo%e  and  a  little  to  the  outer  side  of  the  external  abdominal  ring,  and  is 
distributed  to  the  integument  of  the  hypogastric  region. 

The  ilio-hypogastric  nerve  communicates  with  the  last  dorsal  and  ilio-inguinal 
nerves. 

The  nio -inguinal  Kerve  {inferior  mim*ulo-eutaneou$),  smaller  than  the  pre- 
ceding, arises  with  it  from  the  first  lumbar  nerve.  It  emerges  from  the  outer 
border  of  the  Psoas  just  below  the  ilio-hyiHigastric,  and,  passing  obliquely  across- 
the  Quadratus  lumbt*rum  aud  Iliac  us  muscles,  perforates  the  Transversalis  near' 
the  fore  part  of  the  crest  of  the  ilium,  and  communicates  with  the  ilio-hypogastric 
nerve  between  that  muscle  and  the  Internal  oblique.  The  nerve  then  pierces  the 
Internal  oblique,  distributing  filaments  to  it ;  and,  accompanying  the  spermatic 
cord  through  the  inguinal  canal,  it  esca[>es  at  the  external  abdominal  ring,  and  is 
distributed  to  the  integument  of  the  upper  and  innci'  part  of  the  thigh,  and  to  the 
scrotum  in  the  male  and  to  the  labium  in  the  female.     The  size  of  this  nerve  is  in 
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inverse  proportion  to  tliat  of  tlie  ilio-hypogastic.  Occasionally  it  is  very  small, 
and  ends  by  jnini ug  the  ilio-hypogustric ;  ir*  such  cashes  a  1> ranch  fnmi  the  ilio- 
hypogastric takes  the  place  of  the  ilit^-inguinal,  or  the  latter  nerve  may  be  alto- 
gether absent. 

The  Genito- crural  Nerve  arises  fr<mi  the  first  and  second  lumbar  nerves.  It 
passes  obliijuely  through  the  substance  of  the  Psoas,  and  emerges  from  its  inner 
border  at  a  level  corresponding  to  the  intervertebral  substance  between  the  third 
and  fourth  lumbar  vertehrje.  It  descends  on  its  surface  for  a  variable  distance, 
and  divides  into  a  genital  and  crural  branch. 
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The  gejiital  hrmnth  passes  outward  on  the  Psoas  magnus,  near  the  external 
iliac  artery,  to  which  it  gives  a  twig.  It  then  pierces  the  fascia  transversal  is  or 
passes  thrmigh  the  internal  abdominal  ring,  descends  along  the  back  jiart  of  tlie 
spermatic  cord  to  the  scrotum  in  the  male,  and  supplies  the  Cremaster  muscle. 
In  the  female  it  accompanies  the  round  ligament. 

The  erura!  branch  descends  on  the  external  iliac  artery,  sending  a  few  fila- 
ments round  it.  and,  passing  beneath  Poupart's  ligament  into  the  thigh,  enters  the 
sheath  of  the  femorul  vessels  lying  superficial  and  a  little  external  to  the  femoral 
artery,  to  which  it  also  supplies  a  few  fi lament?*.  It  pierces  the  anterior  layer  of 
the  sheath  of  the  vessels,  and*  becoming  superficial  by  passing  through  the  fascia 
lata,  it  supplies  the  skin  of  the  anterior  aspect  of  the  thigh  as  far  as  midway 
between  the  pelvis  and  knee.  On  the  front  of  the  thigh  it  communicates  with 
the  outer  branch  of  the  middle  cutaneous  nerve,  derived  from  the  anterior  crural. 
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The  External  Cutaneous  Nerve  arises  from  the  second  and  third  lumbar  nerves. 
It  emerges  from   the  outer  border  of  the  Psous  mtiscle    about  its    middle,  and 
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crosses  the  IHacus  muscle  obliquely,  to  the  notch  immediately  beneath  the  ante- 
rior superior  spine  of  the  iliuni,  ^vhere  it  passes  imdcr  Pou part's  ligament  into 
the  tliigh,  and  divides  into  two  branches,  anterior  and  posterior. 

The  anterior  branek  descends  in  an  aponeurotic  canal  formed  in  the  fascia 
lata,  becomes  superficial  about  four  inches  below  Poupart's  ligament^  and  divides 
f  into  branches  which  are  distributed  to  the  integnment  along  the  anterior  and 
outer  part  of  the  thigh,  as  far  down  as  the  knee.  This  nerve  occasionally  com- 
municates with  a  branch  of  the  long  saphenous  nerve  in  front  of  the  knee- 
joint. 

The  posterior  branch  pierces  the  fascia  lata,  and  subdivides  into  branches  which 
I  pass  backward  across  the  outer  and  posterior  surface  of  the  thigh,  supplying  the 
in  teg  Jim  en  t  from  the  crest  of  the  ilinm  as  far  as  the  middle  of  the  thigh. 

The  OMEiater  Nerve  supplies  the  obturator  ex  tern  us  and  Adductor  muscles  of 
the  thigh,  the  articulations  of  the  hip  and  knee,  and  oceasinnally  the  integument 
of  the  thigh  and  leg.  It  arises  by  three  branches — ^from  the  secoofl,  the  third,  and 
the  fourth  lumbar  nerves.  It  descends  through  the  inner  fibres  of  the  Psoas  muscle 
and  emerges  from  its  inner  border  near  the  brim  of  the  pelvis;  it  then  runs  along 
the  lateral  wall  of  the  pelvis,  above  the  obturator  vessels,  to  the  upjper  part  uf  the 
obturator  foramen,  where  it  enters  the  thigh,  and  divides  into  an  anterior  and  a 
posterior  branch,  separateil  by  some  of  the  fibres  of  the  Obturator  ex  tern  us,  and 
lower  down  by  the  Adductor  brevis  muscle. 

The  miter inr  branch  (Fig,  506)  passes  down  in  front  of  the  Adductor  brevis, 
being  covered  by  the  Pectineus  and  Adductor  longus,  and  at  the  lower  border  of 
the  latter  muscle  communicates  with  the  internal  cutaneous  and  internal  saphenous 
nerves,  forming  a  kind  of  plexus*  It  then  descends  upon  the  femfjral  artery,  upon 
which  it  is  finally  diatribnte<I.  The  nerve,  near  the  obturator  foramen,  gives  off  an 
articular  branch  to  the  hip-joint.  Behind  the  Pectineus  it  distributes  muscular 
branches  to  the  Adductor  longus  and  (iracilis,  occasionally  to  the  Adductor  brevis, 
and  rarely  to  the  Pectineus,  and  receives  a  communicating  branch  from  the  acces- 
sory obturator  nerve. 

Occasionally  the  communicating  branch  to  the  internal  cutaneous  and  internal 
rsaphenoos  nerves  is  continued  down,  as  a  cutaneous  branch,  to  the  thigh  and  leg. 
When  this  is  so^  this  oecaaiunai  cutatieoug  branch  emerges  from  beneath  the  lower 
border  of  the  Adductor  huigus,  descends  along  the  posterior  margin  of  the  Sartoriua 
to  the  inner  side  of  the  knee,  where  it  pierces  the  deep  fiiscia,  communicates  with 
the  long  saphenous  nerve,  and  is  distributed  to  the  integument  of  the  inner  side 
of  the  leg  as  low  down  as  its  middle.  When  this  communicating  branch  is  small, 
its  place  is  supplied  by  the  internal  cutaneous  nerve. 

The  posterior  hraHi'k  of  the  oitturator  rierve  pierces  the  Obturator  extemua, 
sending  branches  to  supply  it,  and  passes  behind  the  Adductor  brevis  on  the  front 
of  the  Adductor  magnus,  where  it  divides  into  numerous  muscular  branches,  which 
supply  the  Adductor  magnus,  and  occasionally  the  Adductor  brevis.  One  of  the 
branches  gives  off  a  filament  to  the  knee-joint, 

^nieartieuiar  i'nrnchfifr  the  knee-jotHt  perforates  the  lower  part  of  the  Adductor 
magnus  and  enters  the  popliteal  space ;  it  then  descends  upim  the  po|diteal  artery 
as  far  as  the  back  part  of  the  knee-joint,  where  it  perforates  the  posterior  ligament, 
and  is  distributed  to  the  synovial  membrane.  It  gives  filaments  to  the  artery  in 
its  course. 

The  Accessory  Obturator  Nerve  (Fig.  504)  is  not  constantly  present.  It  is  of 
small  size,  and  arises  by  separate  filaments  from  the  third  and  frmrth  lumbar  nerves. 
It  descends  ali>ng  the  inner  border  of  the  Psoas  muscle,  crosses  the  liorizontal 
ramus  of  the  ^>s  paliis,  and  passes  under  the  outer  border  of  the  Pectineus  muscle, 
where  it  divides  into  numerous  branches.  One  of  these  supplies  the  Pectineus, 
penetrating  its  under  surface:  another  is  distributed  to  the  hip-joint;  while  a  third 
communicales  with  the  smterior  branch  of  the  obturator  nerve.  When  this  nerve 
is  absent  the  hip-joint  receives  two  branches  from  the  obturator  nerve.  Occasion- 
ally it  is  very  small,  and  becomes  lost  in  the  capsule  of  the  hip-joint. 
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THE  LUMBAR    PLEJTUS. 

The  Anterior  Cmral  Herve  (Figs*  504,  506)  is  the  largest  branch  of  the  lumbar 
plexus.  It  supplies  muscular  branches  to  the  Iltacus,  Peetineus,  and  all  the 
muscles  on  the  front  of  the  thigh,  excepting  the  Tensor  vagin?^  femoris  ;  cutaneoua 
filaments  to  the  front  and  inner  side  of  the  thigh  and  to  the  leg  and  foot ;  and 
artieuhir  bninches  to  the  hip  and  knee.  It  arises  from  the  second,  third,  and 
fourth  lumbar  nerves.  It  descends  through  the  fibres^  of  the  Psoa^  muBcle, 
emerging  from  it  at  the  lower  part  of  its  outer  border,  and  passes  down  between 
it  and  the  Iliacus,  and  beneath  Poupart's  ligament,  into  the  thigh,  where  it  becomes 
somewhat  Ibittened,  and  dividers  into  an  anterior  i>art  which  passes  superficial  to 
the  external  circumflex  vessels,  and  a  posterior  part  which  passes  beneath  these 
vesselfi.  Under  Ponpart's  ligament  it  is  separated  from  the  femoral  artery  by  the 
Psoas  muscle,  and  lies  beneath  the  iliac  fascia. 

Within  the  peipm  the  anterior  crural  nerve  gives  off  from  its  outer  side  some 
small  branches  to  the  Iliacus,  and  a  branch  to  the  femoral  artery  which  is  distrib- 
uted upon  the  upper  part  of  that  vessel.  The  origin  of  this  branch  varies  :  it 
occasionally  arises  higher  than  usual,  or  it  may  arise  lower  down  in  the  thigh. 

External  to  the  pelvis  the  following  branches  are  given  off: 

From  the  Anterior  Divimon,  From  the  Posterior  IHvisioJi, 
Middle  cutaneous.  Long  saphenous. 

Internal  cutaneous.  Muscular. 

Muscular.  Articular. 

Anterior  Division. — The  middle  fjutaneous  nerve  (Fig.  505)  pierces  the  fascia 
lata  about  three  inches  below  Poupa.rt*s  ligament,  and  divides  into  two  branches, 
which  descend  in  immediate  proximity  along  the  fore  part  of  the  thigh,  dis- 
tributing numerous  branches  to  the  integument  as  low  as  the  front  of  the  knee, 
where  it  communicates  with  the  nerf'us  euttineus  patellar  a  branch  of  the  internal 
saphenous  nerve,  helping  to  form  the  patellar  plexus.  Its  onter  branch  communi- 
cates, above,  with  the  crural  branch  of  the  genito-crural  nerve,  and  the  inner 
branch  with  the  internal  cutaneous  nerve  below.  The  Sartorius  muscle  is  fre- 
quently pierced  by  this  nerve  or  by  its  outer  branch. 

The  internal  cutaneous  nerve  passes  obliquely  across  the  upper  part  of  the 
sheath  of  the  femoral  artery,  and  divides  in  front  or  at  the  inner  side  of  that  vessel 
into  two  branches,  anterior  and  posterior  or  internal. 

The  anterior  branch  runs  downward  on  the  Sartorius,  perforates  the  fascia  lata 
at  the  lower  third  of  the  thigh,  and  divides  into  two  branches,  one  of  which 
supplies  the  integument  as  low  down  as  the  inner  side  of  the  knee  ;  the  other 
crosses  to  the  outer  side  of  the  patella^  communicating  in  its  course  with  the 
nervus  cutaneus  patelhc^  a  branch    of  the  internal  sa[ihcnous  nerve. 

The  posterior  or  internal  branch  descends  along  the  inner  border  of  the 
Sartorius  muscle  to  the  knee,  where  it  pierces  the  fiiscia  lata,  communicates  with 
the  long  saphenous  nerve,  and  gives  off  several  cutaneous  branches.  The  nerve 
then  passes  down  the  inner  side  of  the  leg,  to  the  integument  of  which  it  is 
distribute<l.  Tliis  nerve,  beneath  the  fascia  lata,  al  the  lower  border  of  the 
Adductor  long  us,  joins  in  a  |ilexif«*rm  network  by  uniting  with  branches  of  the 
long  sapheufuis  and  obturator  nerves  (Fig.  506).  When  the  communicating  branch 
fn>m  the  obturator  nerve  is  large  and  continued  to  the  integument  of  the  leg,  the 
inner  branch  of  the  internal  cutaneous  is  small  and  terminates  at  the  plexus, 
occasionally  giving  off  a  few  cutaneous   filaments. 

The  internal  cutaneous  nerve,  before  dividing,  gives  off  a  few  filaments,  which 
pierce  the  fascia  lata,  to  supfdy  the  integument  of  the  inner  side  of  the  thigh, 
accompanying  the  long  saphenous  vein.  *)ne  of  these  filaments  passes  through 
the  saphenous  opening:  a  second  becomes  stibcutaneous  about  the  middle  of  the 
thigh;  and  a  third  pierces  the  fascia  at  its  lower  third. 

The  muscular  branchea  supply  the  Pectineus  and  Sartorius.  Those  to  the 
Pectineus,  often  united  with  the  internal   cutaneous  nerve  at  their  origin,  are 
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Ntsually  two  in  number  and  pass  inward  behind  the  femoral  vessels,  and  enter  the 
mudcle  on  its  anterior  surface.  Sometimes  one  of  these  nerves  is  given  off  in  the 
pelvis,  and  is  then  often  united  with  the  accessory  obturator.  The  Sartorius  is 
supplied  by  filaments  which  arise  in  comraonwith  the  middle  cutaneous  nerve  and 
enter  the  upper  part  of  the  muscle. 

Posterior  Division, — The  long  or  inteiifial  saphenous  nerve  is  the  largest  of  the 
cutaneous  branches  of  the  anterior  crural.  It  approaches  the  femoral  artery 
where  this  vessel  passes  beneath  the  Sartorius,  and  lies  at  first  on  its  outer  side 
and  then  crosses  over  it,  beneath  the  aponeurotic  covering  of  Hunter's  canal,  as 
far  as  the  opening  in  the  lower  part  of  the  Adductor  magnus.  It  then  ijuits  the 
artery,  and  descends  vertically  along  the  innt'r  side  of  the  knee,  beneath  the  8ar- 
torius,  pierces  the  fascia  lata,  opposite  the  interval  between  the  tendons  of  the 
'  Sartorius  and  Gracilis,  and  becomes  suhcutaneons.  The  nerve  then  passes  along 
the  inner  side  of  the  leg,  accompanied  by  the  internal  sajdienous  vein,  descends 
behind  the  internal  border  of  the  tibia,  and,  at  the  lower  third  of  the  leg,  divides 
into  two  branches :  one  continues  its  course  along  the  margin  of  the  tibia,  termi- 
nating at  the  inner  ankle;  the  other  passes  in  front  of  the  ankle,  and  is  distrib- 
uted to  the  integument  along  the  inner  side  of  the  foot,  as  far  as  the  great  toe, 
communicating  with  the  internal  branch  of  the  musciilo'Cutaneous  nerve. 

The  long  saphenous  nerve  about  the  middle  of  the  thit/k  gives  ofl*  a  communi- 
cating branch  which  joins  the  plexus  formed  by  the  obturator  and  internal  cuta- 
neous nerves. 

At  the  injicr  side  of  the  knee  it  gives  off  a  large  branch  (nertms  cutaneu9 
patelhr)  which  pierces  the  Sartorius  and  fascia  lata,  and  is  distributed  to  the 
integument  in  fi*ont  of  the  patella.  This  nerve  communicates  above  the  knee 
with  the  anterior  branch  of  the  internal  cutaneous  and  with  the  middle  cutaneous ; 
below  the  knee,  witli  other  branches  of  the  huig  saphenous;  and  on  the  outer  side 
of  the  joint,  with  branches  of  the  external  cutaneous  nerve,  forming  a  ple.viform 
network,  the  plejns  patelhr.  The  cutaneous  nerve  of  the  patella  is  occasionally 
small,  and  terminates  by  joining  the  internal  cutaneous,  which  supplies  its  place 
in  front  of  the  knee. 

Below  the  knee  the  branches  of  the  long  saphenous  nerve  are  distributed  to  the 
integument  of  the  front  and  inner  side  of  the  leg,  communicating  with  the  cutaneous 
branches  from  the  internal  cutaneous  or  from  the  obturator  nerve. 

The  mmeuhrr  braneheM  are  as  follows : 

The  hraneh  to  the  Eeetas  mu^ele  enters  its  under  surface  high  up,  sending  off 
a  small  filament  to  the  hip-joint 

The  hraneh  to  the  Vastus  ej-tenatg^  of  large  size,  follows  the  course  of  the 
descending  branch  of  the  external  circumflex  artery  to  the  lower  part  of  the  muscle, 
lit  gives  off  an  articular  filament  to  the  knee-joint. 

The  hraneh  to  the  VastiDs  intern uf  is  a  long  branch  which  runs  down  on  the 
outer  side  of  the  femoral  vessels  in  company  with  the  internal  saphenous  nerve  for 
its  upper  part.  It  enters  the  muscle  about  its  middle,  and  gives  off  a  filament 
which  can  usually  be  traced  downward  on  the  surface  of  the  muscle  to  the  knee- 
joint. 

The  hraneh  to  the  Crureus  enters  the  muscle  on  its  anterior  surface  about 
the  middle  of  the  thigh,  and  sends  a  filament  through  the  muscle  to  the  Sub- 
crureus.  Artieular  brajiehes  to  the  hip-joint  are  derived  from  some  of  the  other 
muscular  branches  as  well  as  from  the  nerve  to  the  Rectus. 

The  artieular  branehes  (o  the  k nee-pant  are  two  in  number.  One,  a  long, 
slender  filaments  is  derived  frrmi  the  nerve  to  the  Vastus  externus.  It  jjenetrate^ 
the  capsular  ligament  of  the  joint  mi  its  anterirtr  aspect.  TIjc  other  is  derived 
from  the  nerve  to  the  Vastus  in t emus.  It  can  usually  be  traced  downward  on 
the  surface  (d' this  muscle  to  near  the  joint;  it  then  penetrates  the  muscular  fibres, 
and  accompanies  the  deep  branch  of  the  anastomotica  magna  artery,  pierces 
the  capsular  ligament  of  the  joint  on  its  inner  side,  and  supplies  the  synovial 
membrane. 


THE  SACRAL  AND   COCOYOEAL  lOlEVES. 

The  sacral  nerves  are  five  in  number  on  each  side.  Tbe  four  upper  ones  paag 
from  the  sacral  canal  through  the  sacral  foramina ;  the  fifth  through  the  foramen 
between  the  sacrum  and  eoccyx. 

The  rnf}f»  of  oriffw  of  the  upper  saera^  (and  lower  lumbar)  nerih^s  are  the 
IsirgL'st  of  all  the  spinal  nerves,  whilst  those  of  the  lowest  sacral  and  coccygeal 
nerve  are  the  siDnllest. 

The  roots  of  these  nerves  are  of  very  considerable  length,  being  longer  than 
those  of  any  of  the  other  spinal  nerves,  on  account  of  the  spinal  cord  not  extending 
beyond  the  first  lumbar  vertebra.  From  their  great  length  and  the  appearance 
thev  present  in  connection  with  the  spinal  cord  the  roots  of  origin  of  these  nervea 
are  called  collectively  the  camla  fquina.  Each  sacral  and  coccygeal  nerve  divides 
into  two  divisions,  posterior  and  anterior. 

The  posterior  divisions  of  the  sacral  nerves  (Fig.  507)  are  small,  diminish  in 
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Fio.  6CJf7.— The  posterior  aaoral  nervea* 


size  from  above  downward,  and  emerge,  except  the  last,  from  the  sacral  canal 
by  the  posterior  sacral  foramina. 

The  thrt'e  upper  ones  are  covered,  at  their  exit  from  the  sacral  canaL  by  the 
Multifidiis  spinte,  and  divide  into  internal  and  external  branches. 

The  inftrrhil  brtTftrJies    are  smalh  and  supply  the  Multifidus  spinse. 

The  ejierna!  hranehes  join  with  one  another  and  with  the  last  lumbar  and 
fourth  sacral  nerves  by  means  of  communicating  loops.  These  branches  pass  out- 
ward to  the  outer  surface  of  the  great  sacnvsciatic  ligament,  where  they  form  a 
second  series  of  loops  beneath  the  Gluteus  maximus.  Cutaneous  branches  from 
this  second  series  of  loops,  usually  three  in  number,  ])ierce  the  Gluteus  maximus: 
one  near  the  posterior  inferior  spine  of  the  ilium  ;  another  opposite  the  end  of  the 
iacrum  ;  and  the  tbird  midway  between  the  other  two.  They  supply  the  integu- 
ment over  the  posterior  part  of  the  gluteal  region  {nervi  clunium  medii). 
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The  posterior  diinsione  of  the  two  lower  »aeral  nerves  are  situated  below  the 
Multifiduff  spinfe.  Tliey  are  of  small  size,  and  do  not  divide  into  internal  and 
external  branches,  but  Join  with  each  other,  and  with  the  coceygeal  nerve,  s<>  as 
to  fnrm  loKps  on  the  back  of  the  sacrum,  filaments  from  which  supply  the  Extensor 
cuccvgis  and  the  integument  over  the  coccyx. 

The  coccygeal  nerve  divides  into  its  anterior  and  posterior  divisions  in  the  spinal 
cauaL  The  posferlor  tfwmou  is  the  smaller.  It  does  not  divide,  hut  receives,  as 
already  mentioned,  a  communicating  branch  from  the  last  sacral,  and  is  lost  in  the 
fibrous  structure  on  tbe  back  of  the  coccyx. 

The  anterior  divisions  of  the  sacral  nerves  diminish  in  size  from  above  down- 
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Fia.  508.— Sldtt  view  of  pelvis,  bhuwlng  sticral  nerviia. 

ward.  The  four  tipper  ones  emerge  fnun  the  anterior  sacra]  foramina:  the  ante- 
rior division  of  the  fifth,  after  emerging  from  the  spinal  canal  through  its  termi- 
nal opening,  curves  forward  between  the  sacrum  and  the  coccyx.  All  the  anterior 
sacral  nerves  communicate  with  the  sacral  ganglia  of  the  sympathetic  at  their 
exit  from  the  sacral  foramina.  'V\m  flrHt  m'ri\\  of  large  size,  unites  with  the 
lumbosacral  cord,  formed  by  the  fifth  lutnbar,  and  a  l^ranch  from  the  fourth  lum- 
bar. The  secotid,  equal  in  size  to  the  preceding,  and  tbe  thirds  about  onc*fonrth 
tbe  size  of  the  second^  unite,  together  with  a  small  fasciculus  from  the  fourth,  to 
form  the  »acral  plexu»y  a  visceral  branch  being  given  off  from  the  third  nerve  to 
the  bladder> 

Tbe  fourth  anterior  sacral  nerve  semis  a  branch  t<»  join  tbe  sacral  jdexus.  The 
remaining  portion  of  the  nerve  divides  into  visceral  and  muscular  branches,  and 
a  communicating  filament  descends  to  join  tbe  fiftb  sacral  nerve.  The  viacernl 
brmtfhfs  are  distributed  to  the  viscera  of  the  pelvis,  e<mimunicating  with  the 
sympathetic  nerve.  These  brandies  uscond  upon  the  rectum  and  bladder,  and 
in  the  female  upon  the  vagina,  communicating  with  branches  of  tlit'  sympatbetic 
from  the  pelvic  plexus.     The  miigeulnr  hramhes  are  distributed  to  the  Levator 


ani,  Coccygeus,  and  Sphincter  ani.  The  branch  to  the  Sphincter  ani  pierces  the 
Levator  ani,  so  as  to  reach  the  i^chio-rectal  fossa,  where  it  h  foumi  lying  in  front 
of  the  coccyx.  Cutaneous  fihiments  arise  from  the  latter  branch,  which  supply 
the  integument  between  the  anus  and  coccyx.     Another  cutaneous  branch  is  fre- 

?ucntlv  given  oflT  from  this  nerve,  though  sometimes  from  the  pudic  (Schwalbe). 
t  perforates  the  great  sacro-sciatic  ligament,  and,  winding  round  the  lower  bor- 
der of  the  Gluteus  maximus,  supplies  the  skin  over  the  lower  and  inner  part  of 
this  muscle* 

The  fifth  anterior  sacral  nerve,  after  pa^ssing  from  the  lower  end  of  the  sacral 
canal,  curves  forward  through  the  fifth  sacral  foramen,  formed  between  the  lower 
part  of  the  sacrum  and  the  transverse  process  of  the  flmt  piece  of  the  coccyx.  It 
pierces  the  Coccygeus  muscle,  and  descends  upon  its  anterior  surface  to  near  the 
tip  of  the  coccyx,  where  it  again  jferfo rates  the  muscle,  to  be  distributed  to  the 
integument  over  the  back  part  and  side  of  the  coccyx.  This  nerve  comunjuicates 
above  with  the  fourth  sacral  and  below  with  the  coccygeal  nerve,  and  supjdies  the 
t!7occygeus  muscle. 

The  anterior  division  of  the  coccygeal  nerve  is  a  delicate  filament  which  escapes 
at  the  termination  nf  the  sacral  canal;  it  passes  downward  beljind  the  rudiraent- 
ary  transverse  process  of  the  first  piece  of  the  coccyx,  ancl  curves  forward  through 
the  notch  between  the  first  and  second  j>ieces,  piercing  the  Coccygeus  muscle,  and 
descending  on  its  anterior  surface  to  near  the  lip  of  the  coccyx,  where  it  again 
pierces  the  muscle,  to  be  distributed  to  the  integument  over  the  back  part  and  side 
of  the  coccyx.  It  is  joined  by  a  branch  from  the  fifth  anterior  sacral  as  it 
descends  on  the  surface  of  the  Coccygeus  muscle. 


The   Sacral  Plexus  (Fig,  508). 

The  sacral  plexus  is  formed  by  the  lumho-sacral  cord,  the  anterior  divisions  oi 
the  three  upper  sacral  nerves,  and  part  of  that  of  the  ftiurth.  These  nerves  proceefl 
in  different  directions;  the  upper  ones  obliipiely  downwjn<l  and  outward,  the 
lower  ones  nearly  horizontally.  The  sacral  plexus  is  triangular  in  form,  its  base 
corresponding  with  the  exit  of  the  nerves  from  the  sacrum,  its  apex  with  the  lower 
piirt  of  the  great  sacro-sciatic  foramen.  It  rests  upon  the  anterior  surface  of  the 
Pyriforniis,  and  is  covered  in  front  by  the  pelvic  fascia,  Avhich  separates  it  fn*m 
the  sciatic  and  pudic  branches  of  the  internal  iliac  artery  and  from  the  viscera  of 
the  pelvis. 

The  special  method  of  the  formation  of  the  plexus  is  as  follows :  The  lumbo- 
sacral cortl,  first,  second  and  larger  part  of  the  third  sacral  nerves  unite  to  form  a 
large  upper  cord  or  band.  The  smaller  part  of  the  third,  together  with  the  branch 
of  the  fourth  uerve^  already  mentioned  as  going  to  the  sacral  plexus,  unite  to 
form  a  smaller,  lower,  cord  or  band.  The  larger  is  continued  into  the  great  Hcutfre 
nert'r  ;  the  suudler  is  continuous  with  the  putJiv  ne?Te,  The  remaining  branches 
of  the  plexus  are  derived  separately  or  by  more  or  less  intercommunication  from 
the  sacral  nerves  before  the  latter  form  the  two  principal  cords  just  mentioned 
The  branches  of  the  sacral  plexus  arc*^ 

Muscular.  Perforating  cutaneous. 

Superior  gluteab  Pudic. 

Inferior  gluteal.  Small  sciatic. 

Great  sciatic. 

The  muscular  branches  supply  the  Pyriformis,  Obturator  internus,  the  two 
Gemelli,  and  the  Quadratus  femoris.  The  branches  to  the  Pyriformis  arise  from 
the  back  of  the  first  and  second  sacral  nerves  before  they  enter  the  plexus;  the 
branch  to  the  Obturator  internus  arises  from  the  lumbo^sacral  and  first  two  sacral 
nerves:  it  passes  out  of  the  pelvis  through  the  great  sacro-sciatic  foramen,  crosses 
the  spine  of  the  ischium,  and  re-enters  the  pelvis  through  the  lesser  sacro-sciatic 
foramen  to  the  inner  surface  of  the  Obturator  internus ;  the  lu-anch  to  the 
Gemellus  superior  arises  in  common  with  the  nerve  to  the  €>bturator  internus:  it 
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Pio,  i^iOQ.— Ciiliineou*  nerves  of 
lower  extremlly,    I*tJSt«nor  view. 

'  K,  B. — In  thiB  diaifntm  the  extc^rniil  Haphem>uji  ami  communicans  peroiiei  are  not  in  their  nor- 
mal poiition.     They  have  bteii  diaidftt^etl  by  the  rtTnova!  of  the  su|^erticial  mufMiles. 


4 


THE  SAVRAL   PLEXUS,  861 

enters  the  muscle  at  the  upper  part  of  its  posterior  surface ;  the  small  branch  to  the 
Gemellus  inferior  \m\\  Quadratug  feiuoris  arises  from  the  lumbo-sacral  cord  and 
first  sacral  nerve :  it  jiiivsses  through  the  great  sacro-aciatic  foramen,  and  courses 
down  beneath  the  Geinelli  and  tendon  of  the  (-)bturator  internus,  and  sup- 
plies the  muscles  on  their  deep  or  anterior  surface.  It  gives  off  an  articular 
branch  to  the  hip-joint.  Another  articular  branch  is  occasjonally  derived  from 
the  upper  part  of  the  great  sciatic  nerve. 

The  Superior  Gluteal  Nerve  (Fig,  r>10)  arises  from  the  back  part  of  the  lumbo- 
sacral cord  and  first  sacral  nerve :  it  passes  from  the  yielvis  through  the  great 
sacro-sciatic  foramen  above  the  Pjriforrais  muscle,  accompanied  by  the  gluteal 
vessels,  and  divides  into  a  superior  and  an  inferior  branch. 

The  superior  branch  follows  the  line  of  origin  of  the  Gluteus  minimus,  and 
supplied  the  Gluteus  medius. 

The  itift'n'or  branch  crosses  obliquely  between  the  Gluteus  minimus  and 
medius,  distributing  filaments  to  both  these  muscles,  and  terminates  in  the  Tensor 
vaginoc;  femoris,  extending  nearly  t»>  its  lower  end. 

The  Inferior  Gluteal  arises  from  the  lumbo-sacral  cord  and  first  and  st'cond 
sacral  nerves,  and  is  often  intimately  connected  with  the  small  sciatic  at  its  origin. 
It  passes  out  of  the  pelvis  through  the  great  sciatic  notch,  beneath  the  Pyriformis 
muscle,  and,  dividing  into  a  number  of  brancbcs,  enters  the  Gluteus  maximus 
nmst'le  on  its  under  surface. 

The  Perforating  Cutaneous  Nerve  is  derived  from  the  second  and  third  sacral 
nerves.  It  pierces  the  great  sacro-sciatic  ligament  and  winds  round  the  lower 
border  of  the  Gluteus  maximiis  muscle  to  supply  the  skin  of  the  buttock. 

The  Pudic  Nerve  arises  from  the  lower  cord  of  the  sacral  plexus  (sometimes 
containing  fibres  derived  from  the  second  and  even  first  sacral  nerves),  and  leaves 
the  pelvis,  through  the  great  sacro-sciatic  foramen,  below  the  Pyriformis.  It  then 
cro.«;3es  the  spine  of  the  ischium,  and  re-enters  the  pelvis  through  the  lesser  sacro- 
sciatic  foramen.  It  accompanies  the  pudic  vessels  upward  and  forward  for  a  short 
distance  along  the  outer  wall  of  the  ischio-rectal  fossa,  and  then  divides  into 
three  branches,  the  perineal  nerve,  the  dorsal  nerve  of  the  penis,  and  the  inferitr 
hBcmorrhoidal  nerve. 

The  inferiur  hemorrhoidal  nerve  is  occasionally  derived  separately  from  the 
sacral  plexus.  It  passes  across  the  ischio-rectal  fossa,  with  its  accompanying  ves- 
sels, toward  the  lower  end  of  the  rectum,  and  is  distributed  to  the  integument 
round  the  anus.  Branches  of  this  nerve  communicate  with  the  inferior  pudendal 
and  superficial  j)erineal  nerves  at  the  fore  part  of  tlie  perimeum. 

The  perineal  nerve^  the  largest  of  the  branches  of  the  pudic,  h  situated 
below  the  pudic  artery.  It  accompanies  the  superficial  perinea!  artery  in  tht^ 
perinammj  dividing  into  cutaneous  and  muscular  branches. 

The  cutaneous  branches  (superficial  perinea!)  are  two  in  number,  posterior 
and  anterior.  The  posterior  or  external  braneh  passes  forward  along  the  outer 
side  of  the  perineal  space  parallel  to  the  inferior  pudendal  nerve,  and  is  distrib- 
uted to  the  skin  of  the  scrotum.  It  communicates  with  the  inferior  hannorrhoid- 
al,  the  inferior  jiudendal,  and  the  other  superficial  perineal  nerve.  The  anterior 
or  internal  braneh  passes  forward  nearer  to  the  middle  line,  to  be  distributed  to 
the  inner  and  back  part  of  the  scrotum.  Both  these  nerves  supply  the  labia 
majora  in  the  female. 

The  muscular  branches  are  distributed  to  the  Transveraus  perinfei,  Accelerator 
uriuiB,  Erector  penis.  External  spiiincter  and  Levator  ani,  and  Compressor  urethras, 
A  distinct  branch  is  given  off  from  the  nerve  to  the  Accelerator  urinje,  which 
pierces  this  muscle  and  supjdies  the  corpus  spongiosum,  ending  in  the  mucous 
membrane  of  the  urethra.     This  is  the  nerve  to  the  bulb. 

The  dorsal  nerve  of  the  penis  is  the  deepest  division  of  the  pudic  nerve ;  it 
accompanies  the  pudic  artery  along  the  ramus  of  the  ischium :  piercing  the  pos- 
terior layer  of  the  deep  ])erineal  fascia,  it  runs  forward  along  the  inner  margin 
of  the  ramus  of  the  os  pubis,  between  the  two  layers  of  the  deep  fascia.     It  then 
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pierces  the  anterior  layer,  and,  in  companj  witli  the  dorsal  artery  of  the  penis, 
passes  through  the  suspensory  ligament,  and,  running  forward,  is  distributed  to 
the  gkns.  On  the  penis  this  nerve  gives  off  a  cutaneous  branch  which  runs 
Hlong  the  side  of  the  organ  :  it  is  joined  with  branches  of  the  sympathetic,  and 
'supplies  the  integument  t»f  tlie  uj^per  surface  and  sides  of  the  penis  and  prepuce, 
giving  a  hirge  branch  to  the  corpus  eavernosum. 

In  the  fetuale  the  dorsal  nerve  is  very  small  and  supplies  the  elitoris. 

The  Small  Sciatic  Nerve  {Fig.  51U)  supplies  tlie  integument  of  the  perin*Tnm 
and  buck  part  of  the  thigh  and  leg.  It  is  usually  formed  by  the  union  of  three 
branches,  which  arise  from  the  first,  second,  and  third  nerves  of  the  sacra!  plexus. 
It  issues  from  the  pelvis  through  the  great  sacro'Sciatic  foramen  below  tbe  Pvri- 
formis  muscle,  descends  beneath  the  Gluteus  maximns  with  the  sciatie  artery,  and 
at  the  lower  border  of  that  muscle  passes  along  the  back  part  of  tbe  thigh, 
beneath  the  fascia  lata,  to  the  lower  part  of  the  popliteal  region,  where  it  pierces 
the  fascia  and  becomes  cutaneous.  It  then  accf>mpanies  the  external  saphenous 
vein  to  abnut  the  middle  of  the  leg,  its  terminal  filaments  communicating  with 
the  external  saphenous  nerve. 

The  branches  of  the  small  sciatic  nerve  are  ail  cutaneous,  and  are  as  follows: 
perineal,  femoral,  and  ascending. 

The  perineal  ctttaneous  branvhes  are  distributed  to  the  skin  at  the  upper  and 
inner  side  of  the  thigh,  on  its  posterior  aspect,  aod  to  the  pcrini^um.  One  branch, 
longer  than  the  rest,  tbe  mferior  pudcndtf!^  curves  forward  IjcIow  the  tuber  ischii, 
pierces  the  fascia  lata,  and  passes  forward  beneath  the  superficial  fascia  of  the 
perinieum  to  be  distributed  to  the  integument  of  the  scrotum  in  the  male  and  the 
labium  in  the  female,  communicating  with  the  superficial  perineal  and  inferior 
h hemorrhoidal  nerves. 

The  femoral  cutaneous  branches  consist  of  filaments,  which  are  derived  from 
both  sides  of  the  nerve  and  are  distributed  to  the  skin  of  the  inner  and  outer  side 
of  tbe  thigh  on  its  posterior  aspect,  as  far  down  as  the  middle  of  that  region,  and 
also  to  tbe  skin  of  the  back  part  of  the  thigh,  popliteal  region,  and  upper  part 
of  the  leg. 

The  tiitcendhh/  rutaneous  hranehes  consist  of  two  or  three  filaments,  which  turn 
upward  round  the  lower  border  of  the  gluteus  maximus,  to  supply  the  integument 
covering  its  surface  (ncrvi  clumum  inferiores). 

The  Great  Sciatic  Nerve  (Fig.  510)  supplies  nearly  tbe  whole  of  the  integu- 
ments of  the  leg^  the  muscles  of  the  back  of  the  thigh,  and  tbose  of  the  leg  and 
foot.  It  is  the  largest  nervous  cord  in  tbe  body,  measuring  three-quarters  of  an 
inch  in  breadth,  and  is  the  continuation  of  the  lower  cord  of  the  sacral  plexus. 
It  passes  out  of  the  pelvis  through  the  great  sacro-sciatic  foramen,  below  the 
Pyriformis  muscle.  It  descends  between  tbe  trochanter  majtu-  and  tuberosity  of 
the  ischium,  along  the  back  part  of  the  thigh  to  about  its  lower  third,  where  it 
divides  into  two  large  branches,   the  ijiternal  and  erternal  popliteal  nerves. 

This  division  may  take  jdaee  at  any  point  between  the  sacral  plexus  and  the 
lower  third  of  the  thigh.  Wben  tbe  division  occurs  at  the  plexus,  the  two  nerves 
descend  together,  side  by  side;  or  they  may  be  separated  at  their  commencement 
by  the  interposition  uf  part  or  tbe  whole  of  the  I'yriformis  muscle.  As  the  nerve 
descends  along  the  back  of  the  thigh  it  rests  at  first  upon  the  External  rotator 
muscles,  in  company  with  the  small  sciatic  nerve  and  artery,  being  covered  by 
the  Gluteus  maximus ;  lower  down,  it  lies  ujK)n  the  Adductor  rnagnus  and  is 
covered  by  the  long  head  nf  the  Biceps. 

Tbe  brancbea  of  the  nerve,  before  its  division,  are  articular  and  muscular. 

The  iirtieuhtr  hnmehc?  arise  from  the  ujiper  part  of  the  nerve ;  they  supply 
the  hip*joint,  perforating  its  fibrous  ca[isule  posteriorly.  These  branches  are 
sometimes  derived  from   the  sacral   plexus. 

The  miiitcuhtr  branche}*  are  distributed  to  the  Flexors  of  the  leg — viz.  the 
Biceps,  Semitendinosus,  and  Bemimembranosus,  and  a  branch  to  tbe  Adductor 
magnus.     These  branches  are  given  oft'  beneath  the  Biceps  miivScle. 


THE  POPLITEAL,   TIBIAL,  AND  PLANTAU   NERVES. 

The  Internal  Popliteal  Nerve,  tbe  larger  of  the  two  terminal  branches  of  the 
great  sciatic,  de,«iceinls  along  tbe  back  part  of  the  tbigb,  tbrougb  tbe  middle  of 
the  pojditeal  space,  to  tlie  lower  border  of  tlie  Popliteih^  ninsele,  wbere  it  passes 
with  tbe  artery  beneath  the  arch  of  the  Soleus  ami  becomes  tlie  posterior  tibial. 
It  is  overlapped  by  the  hiimstring  muscles  above,  and  then  becomes  more  super- 
ficial, and  lies  to  tbe  outer  side  of,  and  some  distance  from,  tbe  popliteal  vessels; 
opposite  tbe  knee-joint  it  is  in  close  relation  with  the  vesseli?,  and  crosses  to  the 
inner  side  of  the  artery.     Below,  it  is  overlapped  by  the  Gastrocnemius. 

Tbe  branches  of  this  nerve  are — articular,  muscular,  and  a  cutaneous  branch, 
t h e  eo  m  m  u n iean g  p opfitfi  n  ert^e , 

Tbe  artiridar  branches,  usually  three  in  number,  supply  the  knee-joint:  two  of 
these  branches  accompany  the  superior  and  inferior  internal  articular  arteries, 
and  a  tbird,   the  azygos  articular  artery. 

The  t/iUM*uiar  brunches,  four  or  five  in  number,  arise  from  the  nerve  as  it  lies 
between  the  two  heads  of  the  Gastrocneuiius  muscle  ;  they  su]>ply  that  muscle, 
the  Plantaris,  Soleus,  and  Popliteus.  The  filaments  which  supply  the  PopHteua 
turn  round  its  lower  border  and  are  distributed  to  its  dee]>  surface. 

The  cotHrnunicana  popiitet  descends  between  the  two  heads  of  tbe  Gastrocne- 
mius muscle,  and  about  the  middle  of  the  back  of  the  leg  pierces  tbe  deep  fascia, 
and  joins  a  comuiunicating  branch  (coniminifcttitH  pcroncf)  from  the  external 
popliteal  nerve  to  form  the  external  or  short  sa[ihenous  (Fig.  509).  The  exter- 
nal saphenous  nerve,  formed  by  tbe  cutaneous  branches  of  the  internal  and 
external  popliteal  nerves,  passes  dow^nward  and  outward  near  tbe  outer  margin  of 
the  tendo  Achillis,  lying  close  to  the  external  saphenous  vein,  to  the  interval 
between  the  external  malleolus  and  the  os  caleis.  It  winds  rounii  the  outer  mal- 
leolus, and  is  distributed  to  the  integument  along  the  outer  side  of  tbe  foot  and 
little  toe,  communicating  on  the  dorsum  of  the  foot  with  tbe  musculo-cutaneour 
nerve.      In    the   leg  its   brancbes  communicate  with   those   of  the  small  sciatic. 

The  Posterior  Tibial  Nerve  (Fig.  510)  commences  at  the  lower  border  of  the 
Popliteua  muscle,  and  pusses  akmg  the  back  part  of  the  leg  with  the  posterior 
tibial  vessels  to  the  interval  between  the  inner  malleolus  and  the  heel,  where  it 
diviiles  into  the  external  and  tntcnittl  phtntar  nerccn.  It  lies  upon  tbe  deep 
muscles  of  the  leg,  and  is  c*>vered  in  tbe  upj>er  part  by  the  muscles  of  the  calf, 
lower  down  by  the  skin  and  fascia.  In  the  u[»pcr  part  of  its  course  it  lies  to  the 
inner  side  of  tbe  posterior  tibial  artery,  hut  it  scvon  crosses  that  vessel,  and  lies  to 
its  outer  side  a^  far  as  the  ankle.  In  the  lower  third  of  the  leg  it  is  placed 
parallel  with  the  inner  margin  of  the  tendo  Achillis. 

The  branches  of  the  posterior  tibial  twrre  are — muscular,  plantar  cutaneous,  and 
articular. 

The  muscular  branches  arise  eitber  separately  or  by  a  common  trunk  from  the 
upper  part  of  tbe  nerve.  They  supply  tbe  Tibialis  posticus.  Flexor  lougus  digito- 
rum,  and  Flexor  longus  hallucis  muscles,  the  branch  to  the  latter  muscle  accom^ 
panying  the  peroneal  artery.     A  branch  is  also  given  to  tbe  Soleus. 

The  phtfttftr  cttlnueous  branch  ]>erfoinites  the  internal  annular  ligament  and 
supplies  tbe  integument  of  the  heel   and  inner  si<le  of  the  sole  of  the  foot 

The  articular  branch  is  given  oft'  just  above  the  bifurcation  of  the  nerve  and 
supplies  tbe  ankle-joint. 

The  internal  plantar  nerve  (Fig,  511),  the  larger  of  tbe  two  terminal  branches 
of  the  posterior  tibial,  accomjKtnies  the  internal  plantar  artery  along  tbe  inner  side 
of  the  foot.  From  its  origin  at  the  inner  ankle  it  passes  beneath  the  Abductor 
hallucis,  and  tben  forward  between  this  muscle  and  the  Flexor  brcvis  digitorum, 
divides  opposite  the  bases  of  the  metatarsal  bones  into  four  digital  branches,  and 
communicates  with  the  external  plantar  nerve. 

Branches. — In  its  course  the  internal  plantar  nerve  gives  off  cutanetnis 
braneheg^  which  pierce  the  plantar  fascia  and  supply  the  integument  of  the  sole 
of  the  foot;  muscahir  branches,  which  su|)ply  the  Abductor  hallucis  and  Flexor 
brevis  digitorura ;  articular  braneheit,  to  tbe  articulations  of  the  tarsus  and  meta- 
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ifsas ;  and  faur  digital  hranehes.  These  pasjj  between  the  divisions  of  the 
^plftntAr  fascia  in  the  clefts  between  the  toes,  and  are  distributed  in  the  fol- 
lowing manner:  The  firMt  i$npplie&  the  inner  border  of  the  great  toe,  and 
sends  a  filament  to  the  Flexor  brevis  ballacis  muscle;  the  second  bifnrcates 
to  supply  the  adjacent  sides  of  the  great  and  second  toes,  sending  a  filament 
to  the  First  lumbricnl  nitiscle;  the  third  digital  braneh  supplies  the  adjacent 
Bides   of  the   second   and   third   toes,  and   the   Second   lumbrical  muscle;    the 

fourth  supplies  the  corresponding  sides  of 
the  third  and  fnirtli  toes,  and  receives  a 
communicating  branch  from  the  external 
plantar  nerve.  It  will  be  observed  that 
the  distribution  of  these  branches  is  pre- 
cisely similar  to  that  of  the  median  nerve 
in  the  hand.  Each  digital  nerve  gives  off 
cutaneous  and  articular  filaments,  and  op|n> 
site  the  last  phalanx  sends  a  dorsal  branch, 
which  supplies  the  stnicture  round  the  nail, 
the  continuation  of  the  nerve  being  dis- 
tributed   to   the    ball    of  the   toe. 

The  ertemal  plantar  nerve,  the  smaller 
of  the  two,  completes  the  nervous  supply  to 
the  structures  of  the  sole  of  the  foot,  being 
distributed  to  the  little  tc^e  and  one-half 
of  the  fourth,  as  well  as  to  most  of  the 
deep  muscles,  its  distribution  being  similar 
to  that  of  the  ulnar  in  the  hand.  It  passes 
obljijuely  forward  with  the  external  plantar 
artery  to  the  outer  side  of  the  foot,  lying 
between  the  Flexor  brevis  digitorum  and 
Flexor  accessor! us,  and  in  the  interval  be- 
tween the  former  muscle  and  Abductor 
minimi  digiti  divides  into  a  superficial  and 
a  ilee|)  branch.  Before  its  division  it  sup- 
plies tile  Flexor  uccessorius  and  Abductor 
minimi  digiti. 

The  mtptrJiHdl  branch  separates  into 
two  digital  nerves:  one,  the  smaller  of 
the  two^  supplies  the  outer  side  of  the  little  toe,  the  Flexor  brevis  minimi  digiti, 
and  the  two  Interosseous  muscles  of  the  fourth  metatarsal  space  ;  the  other  and 
larger  digital  branch  sup|dies  the  adjoining  sides  of  the  fourth  and  fifth  toes,  and 
eommunicates  with  the  ijiternal  plantar  nerve. 

The  fiet'p  or  mta^enhtr  branch  accompanies  the  external  plantar  artery  into  the 
deep  part  of  tlie  side  of  the  foot,  beneath  the  tendons  of  the  Flexor  muscles  and 
Adductor  transversus  hallucis,  and  supplies  all  the  Interossei  (except  those  in  the 
fourth  metatarsal  space),  the  two  outer  Lumbricales,  the  Adductor  obliquus  hal- 
liiciw,  anil  the  Adductor  transversiis  hallucis. 

The  External  Popliteal  or  PeroEeal  Nerve  (Fig.  510),  about  one-half  the  size  of 
tlie  internal  popliteal,  descends  obliijuely  along  the  outer  sides  of  the  popliteal 
space  to  the  head  fd'  the  fibula,  close  to  the  inner  margin  of  the  Biceps  muscle.  It 
is  easily  felt  beneath  the  skin  behind  the  head  of  the  fibula  at  the  inner  side  of 
the  tendon  of  the  Bire|>s.  It  passes  between  the  ten<bin  of  the  Biceps  and  outer 
head  of  the  Uastrocnemius  mtiscle.  winds  round  tlie  neck  of  the  fibula,  pierces  the 
origin  ui'  the  Peroneus  longus,  and  divides  beneath  that  muscle  into  the  anterior 
tibial  and  miisculo-cutaneous  nerves. 

The  branches  of  th*'  peroneal  nerve^  previous  to  its  division,  are  articular  and 
cutaneous. 

The  ariimhir  branches  are  three  in  number;    two  of  these  accompany  the 
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superior  and  inferior  external  articular  arteries  to  tlie  outer  side  of  the  knee.  The 
npper  one  occasionally  arises  from  the  great  sciatic  nerve  before  its  bifurcation* 
The  third  {reeurrent)  articular  nerve  is  given  off  at  the  point  of  division  of  the 
peroneal  nerve;  it  ascends  with  tbe  anterior  recurrent  tibial  artery  through  the 
Tibialis  anticus  muscle  to  the  front  of  the  knee,  which  it  sjipplies. 

The  {'utaneous  brancfit-n,  two  or  three  in  number^  supply  the  integument  along 
the  back  part  and  outer  side  of  the  leg  as  far  as  its  middle  or  lower  part;  one  ot 
these*  larger  than  the  rest,  the  eommum'eans  peronei,  arises  near  the  bead  of  the 
fibula,  crosses  the  external  head  of  the  Gastrocnemius  to  the  middle  of  the 
leg,  and  joins  with  the  communicans  poplitei  to  form  the  external  saphenous. 
This  nerve  occasionally  exists  as  a  separate  branch,  which  is  continued  down  as 
far  as  the  heel. 

The  Anterior  Tibial  Nerve  (Fig.  506)  commences  at  the  bifurcation  of  the  per- 
oneal nerve,  between  the  fibula  and  upper  part  of  the  Peroneug  longus,  passes 
obliijuely  forward  beneath  the  Extensor  longus  digitorum  to  the  fore  part  of  the 
interosseous  membrane,  and  reaches  the  outer  side  of  the  anterior  tibial  artery 
abr»vc  the  middle  of  the  leg ;  it  then  descends  with  the  artery  to  the  front  of  the 
ankle-joint,  where  it  divides  into  an  external  and  an  internal  branch.  This  nerve 
lies  at  first  on  the  outer  8ule  of  the  anterior  tibial  artery,  then  in  front  of  it,  and 
again  at  its  outer  side  at  the  ankle-joint. 

The  branches  of  the  antermr  tibial  nerve  in  its  course  through  the  leg  are  the 
muscular  branches  to  the  Tibialis  anticus,  Extensor  longus  digitorum,  Peronens 
tertius,  and  Extensor  proprius  hallucis  muscles,  and  an  adieuiar  branch  to  the 
ankle-joint. 

The  external  or  tarsal  branch  of  the  anterior  tibial  passes  outward  across  the 
tarsus,  beneath  the  Extensor  brevis  digitorum,  and,  having  become  ganglionic, 
like  the  posterior  interosscona  nerve  at  the  wrist,  supplies  the  Extensor  brevis 
digitorum.  From  the  ganglion  are  given  off  three  minute  intermBeonn  branches 
which  supply  the  tarsal  joints  and  the  loetatarso-phalangeal  joints  of  the  second, 
third,  and  fourth  toes.  The  first  of  these  ^ends  a  filament  to  the  second  dorsal 
interosseous  muscle. 

The  internal  branchy  the  continuation  of  the  nerve,  accompanies  the  dorsalis 
pedis  artery  abuig  the  inner  side  of  the  dorsum  of  the  toot,  and  at  the  first  inter- 
osseous space  divides  into  two  branches,  which  sujiply  the  adjacent  sides  of  the 
great  and  second  toes,  communicating  with  tiie  internal  branch  of  the  musculo- 
cutaneous nerve.  Before  it  divides  it  gives  off  an  interos»e*ms  branch  to  the  first 
space,  which  supplies  the  nietatarsij-phalangeal  joint  of  the  great  toe  and  sends  a 
filament  to  the  First  dorsal  interosseous  muscle. 

The  MuBculo'Cutaneous  Nenre  (Fig.  500)  supplies  the  muscles  on  the  fibular 
side  of  the  leg  and  the  integument  of  the  dorsum  of  the  foot.  It  passes  forward 
between  the  Peronei  muscles  and  the  Extensor  longus  digitorum,  pierces  the  deep 
fascia  at  the  luwor  third  of  the  leg  on  its  front  and  outer  side,  and  divides  into 
two  branches.  This  nerve  in  its  course  between  the  muscles  gives  off  muscular 
branches  to  the  Peroneus  longus  and  brevis,  and  cutaneous  filaments  to  the 
integument  of  the  lower  part  of  the  leg. 

The  inter nal  branch  of  the  fu use ulo'CiUa neons  7ienfe  passes  in  front  of  the 
ankle-joint  and  along  the  doi"aum  of  the  foot,  supplying  the  inner  side  of  the  great 
toe  and  the  adjoining  sides  of  the  second  and  third  toes.  It  also  supplies  the 
integument  of  the  inner  ankle  and  inner  side  of  the  foot,  communicating  with 
tbe  internal  saphenous  nerve,  and  communicates  with  the  anterior  tibial  nerve 
between  tbe  great  and  second  toes. 

The  external  branch,  the  larger,  passes  along  the  outer  side  of  the  rlorsura  of 
the  foot,  to  be  distributed  to  the  adjoining  sides  of  the  third,  fourth,  and  fifth  toes. 
It  also  supplies  the  integument  of  the  outer  ankle  and  outer  side  of  the  foot,  com- 
municating with  the  short  saphenous  nerve.  These  dorsal  digital  nerves  reach 
as  far  as  the  last  phalanges. 

The  distribution  of  these  branches  of  the  musculo-cutaneous  nerve  will  be 
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found  to  vary ;  together,  they  supply  all  the  toes  excepting  the  outer  side  of  the 
little  toe  and  the  adjoining  sides  of  the  great  and  second  toes,  the  former  being 
supplied  by  the  external  saphenous,  and  the  latter  by  the  internal  branch  of  tbe 
anterior  tibiaK 

Surgical  Anatomy » — ^The  lumbar  plexus  posses  throujer!i  the  Psoas  niusele,  and,  therefore 
in  psoa.*^  uljs4'eivs  Mtiy  ur  all  of  its  brariches  may  be  irritated,  causing  severe  pain  in  the  part  to  * 
wliicli  the  irritated  nervps  are  distribut^id.  The  genito-frural  nerve  is  the  one  which  is  most 
rrc<|acatly  implicated  Tliia  nerve  is  tklsa  of  importance,  as  it  is  coDccmed  in  one  of  the  priaci- 
pal  reflexes  etiijiloyed  in  tbe  investi^ratlon  of  diseases  of  the  spine.  If  the  skin  over  the  injicr 
side  of  the  thigh  just  IjcIow  PuunartV  lipm^ent,  the  part  supplied  by  the  enirul  branch  of  the 
genitO'Crural  nerve,  be  gently  ticlcled  in  a  male  ehild,  the  testiele  will  t»e  noticed  to  be  drawn 
tipward  throairh  the  aetion  ot'  the  Creraastcr  inusele,  sumdied  by  the  genital  branch  of  the  same 
nenT.  The  same  i-esult  may  stanetimes  be  noticed  in  adults,  and  can  alnioHt  always  be  produced 
by  severe  stitualatiorL  This  reflex,  when  pre^etjt,  shows  that  the  portion  of  the  cord  from  which 
the  first  and  second  lnml)ar  nerves  ai-e  derived  is  in  a  normal  condition. 

The  anterior  crural  nerve  is  in  datii,'or  of  being  injured  in  fractures  of  the  true  j>elvis.  since 
the  fnicture  most  cotntaonly  lakes  plaee  thmugh  the  horizontal  ranias  of  the  os  pubis,  at  or 
near  the  point  wliere  this  nene  crosses  the  bone.  It  is  also  liable  to  he  injured  in  fractures  and 
disl<x:atioits  of  the  feiiitirt  and  is  likely  to  be  pressed  upon  and  its  functions  impaired  in  s<.>mc 
tumors  ^>wing  in  the  peh'is»  Moreover,  on  aecount  ot  its  siiperticial  position  it  is  extJosed  to 
injury  in  wounds  and  staljg  in  the  ^roin.  WTien  this  nerve  is  paralyzed,  there  is  luss  of  motion 
in  the  Iliacus,  in  the  Quadriceps  extensor  cruris,  in  the  Harturius,  and  partial  pandysis  of  the 
Peetineus.  There  is  loss  of  sens,4tion  down  the  front  ami  inner  j^ide  of  the  ihitrb,  except  in  that 
part  sui>t>lied  by  the  cniral  hniaeh  of  the  ircnitocmral  and  by  the  ilio-inguinab  as  well  as  down 
the  inner  side  of  the  leg  and  Wml  as  far  as  tlie  ball  of  the  great  toe. 

The  obturator  nerve  is  of  sttceial  surgical  ijuvrest.  It  is  rarely  paralyzed  alone*  but  occa- 
sionally in  association  with  the  anterior  crural.  The  princi]>al  interest  attached  to  it  is  in  con- 
nectiun  with  its  supjdy  lo  the  knee,  pain  in  tlie  knee  beinj^^  svmptomatic  of  many  diseases  in 
whicli  the  trunk  of  this  nerve  or  one  of  its  branches  is  irritated.  Thus  it  is  well  known  that  in 
the  earlier  stages  of  Inp-joint  disease  the  patient  does  not  complain  of  pain  in  that  articulation, 
but  on  the  inner  si<h?  of  the  knee  or  in  the  knee-joint  itself.  Again,  the  same  thing  iK^nirs  in 
sacro-iliac  disease.  The  obturator  nerve  is  in  close  relationship  with  the  sacro-iliac  articulation, 
pacing  over  it,  and,  aecorthng  to  some  anatomists,  distributing  fllaments  to  it,  Agjiin,  in  cancer 
of  the  sigtnoid  ttexure,  and  even  in  eases  where  masses  of  hardened  fa>cc8  are  impacted  in  this 
pnrtiou  of  the  gut,  pain  is  complained  of  in  the  knee.  Finally,  pain  in  the  knee  fonns  an 
imtR»rtant  diagnostie  sign  in  obturator  hernia.  The  hernial  protrusion  as  it  passes  out  thrcjugh 
the  opening  in  the  obtunitor  membrane  j tresses  upon  the  nerve  nml  causes  pam  in  the  parts  sup- 
plied by  its  ncriphcral  fllaments.  When  the  obturatur  nerve  is  ijaralyzed,  the  patient  is  unable 
to  prcvss  his  linees  together  or  to  cross  one  leg  uver  the  other,  on  aecount  of  pantlysis  id'  the 
Adductor  tnusi-les,  Kotatiun  outward  of  the  thigh  is  impaired  Ibom  paralysis  of  the  Obturator 
eatterruis. 

The  great  sciatic  nerve  is  liable  to  be  pressed  uiKin  l>y  various  fonns  of  pelvic  tumors  grow- 
ing  from  the  pelvic  viscera  or  liones,  by  aneurisms  yi'  sume  of  the  branches  of  the  internal  iltac 
artery,  calculus  in  the  bladder  when  oi  large  sixe,  sw^cuniulation  of  fax*es  in  the  rectum,  giving 
rise  to  pain  along  its  tmnk,  to  which  the  term  sciatica  is  anplied.  Outside  the  pelvis  exposure 
to  cold^  violent  movements  of  the  hip-joint,  exostoses  or  other  tumors  growitig  from  the  rauruin 
of  the  sacro-8<*iatic  fomnjen,  may  also  give  rise  to  the  same  condition.  When  jiaralyzed  there 
is  loas  of  motion  in  all  tlie  muscles  below  the  knee,  and  lo^  of  sensation  in  the  regions  sup* 
plied  by  it. 

The  sciatic  nerve  has  lieen  frequently  cut  down  upon  and  Btretehed  for  the  relief  of  sciatica, 
and  also  in  cases  of  Iwomotor  ataxy,  the  aniesthesia  of  leprosy,  etc.  In  order  to  detine  it  on 
the  surface,  a  point  is  taken  at  the  junction  of  the  middle  and  lower  third  of  a  line  stretching 
from  the  posterior  superior  spine  of  the  ilium  to  the  outer  iiart  of  the  tuber  iachii,  and  a  hue 
drawn  from  this  to  the  middle  of  the  uimcr  part  id*  the  popliteal  space.  The  operation  of 
stretching  the  sciatic  nerve  is  pertbrmed  by  makine  an  incision  over  tlic  course  of  the  nerve 
abijut  the  centre  of  the  thigh.  The  overlyiiig  structures  having  been  divided,  the  inicnal 
between  the  inner  and  outer  hamstrings  is  to  be  defined,  and  these  muscles  pulled  inward  and 
outward  with  retraetors.  The  nerve  will  be  found  a  little  to  the  inner  side  of  the  Biceps.  It 
is  to  l>e  separated,  lumked  up  with  the  linger,  and  stretched  by  steady  and  continuous  traetion 
iltT  two  ur  three  minutes.  The  sciatic  nerve  may  also  be  stretehed  by  what  is  known  as  the 
'^dr\' ''  j)lan.  The  patient  is  laid  on  his  back»  the  fmit  is  extended,  the  leg  flexed  on  the  thii^h, 
and  the  thigh  strongly  flexed  on  the  abdnmcn.  Wliilc  the  thigh  is  maintained  in  this  position 
the  leg  is  forcibly  extended  tu  its  full  extent  and  the  foot  as  fully  flexed  on  the  leg. 

Tlie  msition  of  the  external  popliteal,  clt*se  behind  the  tendon  of  the  Biceps  on  the  outer 
side  of  tlie  ham,  should  be  remembered  in  subcutaneous  division  of  the  tendoiL 


i 


THE  SYMPATHETIC   NEEVE, 

The  Ssmpatlietic  Nervous  System  consists  of  (1)  a  series  of  ganglia,  connected 
together  by  intervening  cords,  exten^liiig  from  the  base  of  the  skull  to  the  coccyx, 
one  on  each  side  of  the  middle  line  of  the  body,  partly  in  front  and  partW  on  each 
side  of  the  vertebral  column  ;  (2)  of  three  great  gangliated  |>lexus€*8  or  aggregations 
of  nerves  and  ganglia,  situated  in  front  of  the  s|>in*^  \u  the  thoracic,  abilominal,  and 
pelvic  cavities  respectively";  (3)  of  smaller  ganglia,  situated  in  relation  with  the 
abdominal  viscera;  and  (4)  of  numerous  nerve-fibres.  These  latter  are  of  two 
kinds:  ctymmunHmting^  hy  vilii^h  the  ganglia  communicate  with  each  other  and 
with  the  cerehro-spinal  nerves;  and  tJistnbufort/,  supplying,  in  general,  all  the 
internal  viscera  and  the  coats  of  the  blood-vessels. 

Each  gangliated  cord  may  be  traced  upward  from  the  base  of  the  skull  into 
its  cavity  by  an  ascending  branch,  which  passes  through  the  carotid  canal,  forms 
a  plexus  on  the  internal  carotid  artery,  and  communicates  with  the  ganglia  on  the 
first  and  second  divisions  of  the  fifth  nerve.  According  to  some  anatomists,  the 
two  cords  are  joined,  at  their  cephalic  extremities,  by  these  ascending  branches 
communicating  in  a  small  ganglion  (the  gimgllon  of  Ribem),  situated  upon  the 
anterior  communicating  artery.  The  ganglia  of  these  cords  are  distinguished  as 
cervical,  dorsal,  lumbar,  and  sacral,  and  except  in  the  neck  they  correspond  pretty 
nearly  in  number  to  the  vertebrae  against  which  they  lie.  They  may  he  thus 
arranged : 

Cervical  portion         .         .         3  paii*a  of  ganglia. 
Dorsal         **  .         .12  ''         " 

Lumbar       "  .         .         4  **         *' 

Sacral         ''  ,         .4  or  5  ''         '* 

In  the  neck  they  are  sitnated  in  front  of  the  transverse  processes  of  the  verte- 
brae;  in  the  dorf^al  region,  in  front  of  the  heads  of  the  ribs;  in  the  him  bar  region, 
on  the  sides  of  the  bodies  of  the  vertebne  ;  and  in  the  sacral  region,  in  front  of  the 
sacrum.  As  the  two  cords  jmss  into  the  pelvis  they  converge  and  unite  together 
in  a  single  ganglion  i<fmu/iioii  impar)  jdaced  in  front  of  the  coccyx.  Each, 
ganglion  may  be  regarded  as  a  distinct  centre^  and,  in  addition  to  its  branches  of 
distribution,  possesses  also  branches  of  communication  which  communicate  with 
other  ganglia  and  with  the  cerebro-spinal  nerves. 

The  branches  of  comniuuication  between  the  ganglia  are  composed  of  gray 
and  white  nerve-fibres,  the  latter  being  continuous  with  those  fibres  of  the  spinal 
nerves  which  pass  to  the  ganglia. 

The  branches  of  communication  between  the  ganglia  and  the  cerebro-spinal 
nerves  also  consist  of  a  white  and  gray  portion,  the  fonner  proceeding  from  the 
spinal  nerve  to  the  ganglion,  the  latter  passing  fr^jw  the  ganglion  to  the  spinal 
nerve,  so  that  a  double  interchange  takes  place  between   the  two  systems. 

The  three  great  gangliated  plexuses  are  situated  in  front  of  the  spine  in  the 
thoracic,  abdominal,  and  pelvic  regions,  and  are  named,  respectively,  the  cftrtliac, 
the  gcflar  or  epu/mlrk\  and  the  hi/poga»tric  plexus.  They  consist  of  collections  of 
nerves  and  ganglia,  the  nerves  being  derived  from  the  gangliated  cords  and  fromi 
the  cerebro-spinal  nerves.     They  distribute  branches  to  the  viscera. 

Smaller  ganglia  are  also  found  lying  amidst  the  nerves,  some  of  them  of 
microscopic  sixe,  in  certain  viscera — as.  for  instance,  in  the  heart,  the  stomach,  and 
the  uterus.     They  serve  as  additional  centres  for  the  origin  of  nerve-fibres. 

The  branches  of  dutnlmtifm  derived  from  the  gangliated  cords,  from  the 
prevertebral  plexuses,  and  also  from  the  smaller  ganglia,  are  joinci pally  destined 
for  the  Mood-vessels  and  thoracic  and  abdominal  viscera,  supplying  the  involuntary 
muscular  fibre  of  the  coats  of  the  vessels  and  the  hollow  viscera,  and  the  secreting 
cellsj  as  well  as  the  muscular  coats  of  I  he  vessels  in  the  glandular  viscera. 
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CERVICAL   PORTION   OF   THE   GANGLIA  TED    CORD. 

In  adilition  to  these  various  divisions  of  the  sympathetic,  the  ganglia  con- 
nected with  the  three  branchea  of  the  fifth  cranial  nerve  are  believed  bj  somej 
to  constitute  a  part  of  the  sympathetic  system.     These  ganglia  have  already  beenj 
described  (page  799  et  »eq.y 

THB  GANOLIATED  COED. 
Cervical  Portion  of  the  Gangliated  Cord. 

The  cervical  portion  of  the  gangliated  cord  cunsist^  of  three  ganglia  on  each 
aide,  which  are  distingiiiiiihed,  according  to  their  position*  a8  the  superior,  middle^ 
and  inferior  cervical. 

The  Superior  Cervical  Qanglion,  tlie  largest  of  the  three,  is  placed  opposite  the 
second  and  third  cervical  vertebrie,  and  snmetime.sas  low  as  the  fourth  or  fifth.  It 
is  of  a  reddish-graj  color,  and  usually  fusiform  in  shape,  sometimes  broad,  and 
occasionally  constricted  at  intervals,  so  as  to  give  rise  to  the  opinion  that  it  consists 
of  the  coalescence  of  several  smaller  ganglia ;  and  it  is  usually  believed  that  it  is 
formed  by  the  coalescence  of  the  four  ganglia,  corresponding  to  the  four  upper 
cervical  nerves.  It  is  in  relatirm,  in  front,  with  the  sheath  of  the  internal  carotid 
artery  and  internal  jugular  vein  ;  behind,  it  lies  on  the  Rectus  capitis  anticus 
major  muscle. 

Its  branches  may  be  divided  into  superior,  inferior,  external,  internal,  and 
anterior. 

*rbe  superior  branrk  appears  to  be  a  direct  prolongation  of  the  ganglion*  It 
is  soft  in  texture  and  «*f  a  reddish  color.  It  ascends  by  the  side  of  the  internal 
carotid  artery,  and,  entering  the  carotid  canal  in  the  temporal  bone^  divides  into  two 
branches,  which  lie,  one  on  the  outer,  and  the  cither  on  the  inner,  side  of  that  vessel. 

The  outer  braneh^  the  larger  of  the  two,  distributes  filaments  to  the  internal ' 
carotid  artery  and  forms  the  earotid  plexus. 

The  iuiter  hrnm*k  also  distributes  filaments  to  the  internal  carotid,  and,  con- 
tinuing onward,  forms  the  cartrnous  phrKH. 

The  Carotid  Plexna. 

The  carotid  plexus  is  situated  on  the  outer  side  of  the  internal  carotid.  Fila- 
ments from  this  plexus  occasionally  fium  a  small  gangliform  swelling  on  the  under 
surface  of  the  artery,  which  is  called  the  carotid  ganglion.  The  carf>tid  plexus 
communicates  with  the  Gasserian  ganglion,  with  the  sixth  nerve,  and  the  spheno- 
palaiinc  ganglion,  and  distributes  fihiments  to  the  wall  of  the  carotid  artery  and 
to  the  dura  mater  (Valentin),  while  in  the  carotid  canal  it  communicates  with 
Jacobson's  nerve,  the  tympanic  branch  of  the  glosso-pharyngeah 

The  cofitmuHmithiif  bntnches  ivifh  the  tfijih  nerve  consist  of  one  or  two  fila- 
ments wliii'h  join  that  nerve  as  it  lies  up<m  the  outer  side  of  the  internal  carotid* 
Other  filaments  are  also  counected  with  the  Gasserian  ganglion.  The  communi- 
cation with  the  spheno-palatine  ganglicm  is  eflecled  by  a  branch,  the  latt/e  deep 
petroga!^  which  is  given  off  from  the  plexus  on  the  outer  side  of  the  artery,  and 
which  passes  through  the  cartilage  filling  up  the  foramen  lacenmi  medium,  and 
joins  the  great  superficial  jietrosai  to  form  the  Vidian  nerve.  The  Vidian  nerve 
then  proceeds  along  the  pterygoid  or  Vidian  canal  to  the  spheno-palatine  ganglion. 
The  communication  with  Jacobson's  nerve  is  effected  by  two  branches,  one  of 
which  is  called  the  mnall  deep  pet ro mil  nerve,  and  the  other  the  long  petromL 

The  Cavemoua  Plexus, 
The  cavernous  plexus  is  situated  below  and  internal  to  that  ]tart  of  the  internal 
carotid  which  is  placed  by  the  side  of  the,  sella  Turcica  in  the  cavernous  sinus, 
and  is  formed  chiefly  by  the  internal  division  of  the  ascending  branch  from  the 
superior  cervical  ganglion.  It  coinmiinicates  with  the  third,  the  fourth,  the 
ophthalmic  division  of  the  fifth,  and  the  sixth  nerves,  and   with   the  ophthalmic 
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gani^lion,  and  distributes  filaments  to  tlie  wall  of  the  internal  carotid.  The 
branch  of  commnnication  with  the  third  nerve  joins  it  at  its  point  of  division; 
tho  branch  to  the  fViurth  nerve  joins  it  aa  it  lies  on  the  outer  wall  r«f  the  cavernous 
sin  118 ;  other  filaments  are  cnonected  with  the  under  surface  of  the  trunk  nf  the 
ophtiialmic  nerve;  and  a  second  filament  of  communication  joins  the  sixth  nerve. 

The  filattjcnt   of  connection   with  the  ophthalmic   ganglion  arises   from   tho] 
anterior  part  of  the  cavernous  plexus;  it  accompanies  the  nasal  nerve  or  con- 
tinues forward  as  a  sejiarate  brancli. 

The  terminal  filaments  from  the  carotid  and  cavernous  plexuses  are  prolon|^ed 
along  the  internal  carotid,  forming  plexuses  which  entwine  round  the  cerebral  and 
ophthalmic  arteries ;  along  the  former  vessels  they  may  he  traced  on  to  the  pia 
mater;  along  the  latter,  into  the  orbit,  where  they  accompany  each  of  the  sub- 
divisions of  the  vessel,  a  separate  plexus  passing,  with  the  arteria  centralis  retinae, 
into  the  interior  of  the  eyebalL  The  filaments  prolonged  on  to  the  anterior  com- 
municating artery  form  a  small  ganglion,  the  ganglion  of  Rihrs^^  which  serves,  as 
mentioned  above,  to  connect  the  sympathetic  nerves  of  the  right  and  left  sides. 

The  inferior  or  deBcending  hrancli  of  the  Buperigr  cerncal  ganglion  communi- 
cates with  the  middle  cervical  ganglion. 

The  external  branches  are  numerous,  and  communicate  with  the  cranial  nerves 
and  with  the  four  upper  spinal  nerves.  Sometimes  the  branch  to  the  fourth 
spinal  nerve  may  come  from  the  cord  connecting  the  upper  and  middle  cervical 
ganglia.  The  hranches  of  communication  with  the  cranial  nerves  consist  of 
delicate  filaments,  which  pass  from  the  superior  cervical  ganglion  to  the  ganglion 
of  the  trunk  of  the  pneumogastric  and  to  the  hypoglossal  nerve.  A  separate 
filament  from  the  cervical  ganglion  subdivides  and  joins  the  petrosal  ganglion  of 
the  glosao-pharyngeal  and  the  ganglion  of  the  root  of  the  pneumogastric  in  the 
jugular  foramen. 

The  internal  branches  are  three  in  number — the  phari/nf/eah  htnpH/caJ,  and  | 
superior  enrdiac  nerve.     The  pkfin/ngeal  branches  pass  inward  to  the  side  of  the 
pharynx,  where  they  join  with  branches  from  theglosso-pharyngeal,  pneumogastric, 
and  external   laryngeal   nerves  to  fonn   the  pharipigeal  pie  run.     The  laryngeal 
branches  unite  with  the  superior  laryngeal  nerve  and  its  branches* 

The  superior  eanliae  nert^'  (nermtM  superjieialig  cord  is)  arises  by  two  or  more 
branches  from  the  superior  cervical  ganglion,  and  occasionally  receives  a  filament 
from  the  cord  of  communication  between  the  first  and  second  cervical  ganglia.  It 
runs  down  the  neck  behind  the  common  carotid  artery,  lying  upon  the  Longua 
colli  muscle,  and  crosses  in  front  of  the  inferior  thyroid  artery  and  recurrent  | 
laryngeal  nerve. 

The  right  superior  eardiae  nerve^  at  the  root  of  the  neck,  passes  either  in  front 
of  or  behind  the  subclavian  artery,  and  along  the  arteria  innominata,  to  the  back 
part  of  the  arch  of  the  aorta,  where  it  joins  the  deep  cardiac  plexus.  This  nerve, 
in  its  course,  is  connected  with  other  branches  of  the  sympathetic:  about  the 
middle  of  the  neck  it  receives  filaments  from  the  external  laryngeal  nerve;  lower 
down,  one  or  two  twigs  from  the  pneumogastric  ;  and  as  it  enters  the  thorax  it  is 
joined  by  a  filament  from  the  recurrent  laryngeal.  Filaments  from  this  nerve 
communicate  with  the  thyroid  branches  from   the  middle  cervical  ganglion. 

The  left  superior  ranliae  nerve^  in  the  chest,  runs  by  the  side  of  the  left  com- 
mon carotid  artery  and  in  front  of  the  arch  of  the  aorta  to  the  superficial  cardiac 
plexus,  but  occasionally  it  passes  behind  the  aorta  and  terminates  in  the  deep 
cardiac  plexus. 

The  anterior  branches  ramify  upon  the  external  carotid  artery  and  its  branches, 
forming  round  each  a  delicate  plexus,  on  the  nerves  composing  which  small  ganglia 
are  occasionally  found.  These  ganglia  have  been  named,  according  to  their  posi- 
tion, intercarotid '  (placed  at  the  angle  of  bifurcation  of  the  common  carotitl), 
lingual,  temporal,   and    pharyngeal.     The  plexuses  accompanying  some  of  these 


'  The  existence  of  this  ganglion  is  doubted  by  some  oljst*rvers. 

^Tbis  ganglion  is  of  the  same  structure  as  the  ooccygeal  gliind  (Luschka), 


i 


872 


THE  NERVOUS  SYSTEM. 


arteries  have  important  coniTnimications  with  other  nerves.  That  surroimdiligtlie 
external  carotid  is  connected  with  the  branch  of  the  facial  nerve  to  the  8tylo*hyoid 
musde  ;  that  surrounding  the  facial  communicates  with  the  submaxillary  ganglion 
by  one  or  two  filament.s;  and  that  accomjKinying  the  middle  meningeal  artery 
send^  offsets  which  pass  t(^  the  otic  ganglion  and  to  the  intumes^centiagunglioformis 
of  the  facial  nerve  (external  petrosal).  ^ 

The  Middle  Cervical  Ganglion  {thyroid  ganglion)  is  the  smallest  of  the  three 
cervical  ganglia,  and  is  occasionally  altogether  wanting.  It  is  placed  opposite  the 
sixth  cervical  vertebra,  usually  upon,  or  close  to,  the  inferior  thyroid  artery; 
hence  the  name,  ''thyroid  ganglion/'  assigned  to  it  by  Haller.  It  is  prolmbly 
formed  by  the  coalescence  of  two  ganglia  corresponding  to  the  fifth  and  sixth  cer- 
vical nerves. 

Its  superior  branches  ascend  to  communicate  with  the  superior  cervical  gan- 
glion. 

Its  inferior  branches  descend  to  communicate  with  the  inferior  cervical  ganglif»n. 

Its  exti'rnal  branches  pass  outward  to  join  the  fifth  and  sixth  spinal  nerves. 
These  branches  are  not  constantly  found. 

Its  mternal  hranches  are  the  thyroid  and  the  middle  cardiac  nerve. 

The  thgroid  branches  are  small  filaments  which  accompany  the  inferior  thyroid 
artery  to  the  thyroid  gland ;  they  communicate,  on  the  artery,  with  the  superior 
cardiac  nerve,  and,  in  the  gland,  wuth  branches  from  the  recurrent  and  external 
laryngeal  nerves. 

The  middif^  cardiac  licrvc  (^ncrvus  cardiacus  ^nagnuA),  the  largest  of  the  tliree 
cardiac  nerves,  arises  from  the  middle  cervical  ganglion  or  from  the  cord  between 
the  middle  and  inferior  ganglia.  On  the  right  side  it  descends  behind  the  common 
carotid  artery,  and  at  the  root  of  the  neck  passes  either  in  front  of  or  behind  the 
subclavian  artery;  it  then  descends  cui  t!ie  trachea,  receives  a  few  fihiiuenta  from 
the  recurrent  laryngeal  nerve,  and  joins  tlie  deep  cardiac  plexus.  In  tbc  neck  it 
communicates  witfi  the  superior  cardiac  and  recurrent  laryngeal  nerves.  On  the 
left  side  the  rai<idle  cardiac  nerve  enters  the  chest  between  the  left  carotid  and  sub- 
clavian arteries,  and  joins  the  left  side  of  the  deep  cardiac  plexus. 

The  Inferior  OerTical  0anglion  is  situated  between  the  base  of  the  transverse 
process  of  the  last  cervical  vertebra  and  the  neck  of  the  first  rih  on  the  inner  side 
of  the  superior  intercostal  artery.  Its  form  is  irregular:  it  is  larger  in  size  than 
the  preceding,  and  frequently  joined  with  the  first  thoracic  ganglion.  It  is  proba- 
bly forme<l  by  the  coalescence  of  two  ganglia  wbicb  correspond  to  the  two  last 
cervical  nerves. 

Its  superior  branches  communicate  with  the  middle  cervical  ganglion. 

Its  liifcrior  hranckca^  descend,  some  in  front  of,  others  behind,  the  subclavian 
artery,  to  join  the  first  thoracic  ganglion. 

Its  inter naf  branch  is  tlie  inferior  cardiac  nerve. 

The  inferior  cardiac  ncri^c  (nenmsi  cardiacns  7ninor)  arises  from  the  inferior 
cervical  or  first  thoracic  ganglion.  It  passes  down  behind  the  subclavian  artery 
and  ahuig  tlie  front- of  the  trachea  to  join  the  deep  cardiac  plexus.  It  communi- 
cates freely  behind  the  subclavian  artery  with  the  recurrent  laryngeal  and  middle 
cardiac  nerves. 

The  erfcrnal  branchoi  consist  of  several  filaments,  some  of  which  communi- 
cate with  the  seventh  and  eighth  spinal  nerves;  others  accompmny  the  vertebral 
artery  along  the  vertebral  canal,  forming  a  plexus  round  the  vessel,  supplying  it 
with  filaments,  and  communicating  with  the  cervical  spinal  nerves  as  high  as  the 
fourth. 

Thoracic  Portion  of  the  Oangliated  Cord. 

The  thoracic  portion  of  the  gangliatetl  cord  consists  of  a  series  of  ganglia 
which  usually  correspond  in  number  to  that  of  the  vertehrre,  but,  from  the  occa- 
sional coalescence  of  two,  their  number  is  uncertain.  These  ganglia  are  placed 
on  each  side  of  the  spine,  resting  against  the  beads  of  the  ribs  and  covered  by  the 
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pleura  costalis;  the  last  two  are,  however,  aDterior  to  the  rest,  being  placed  od  the 
side  of  the  bodies  of  the  eleventh  and  twelfth  dorsal  vertebrae.  The  ganglia  are 
small  in  size  and  of  a  grayish  color.  The  first,  larger  than  the  rest,  is  of  an 
elongated  form  and  fre<|uently  blended  with  the  last  cervical.  They  are  connected 
together  by  cordJike  prolongations  from  their  Hubstance. 

The  external  branches  from  eaelj  ganglion,  usually  two  in  number,  communi- 
cate with  each  of  the  dorsal  spinal  nerves. 

The  internal  hraneltes  from  the  mjr  upper  ganglia  are  very  small  ;  they  supply 
filamentg  to  the  thoracic  aorta  and  its  branches,  besides  small  branches  to  the 
bodies  of  the  vertebree  and  their  ligaments.  Branches  from  the  third  and  fourth, 
and  sometimes  also  from  the  first  and  second  ganglia,  form  part  of  the  posterior 
pulmonary  plexus. 

The  internal  braneheBfrom  the  six  lower  ganglia  are  large  and  white  in  color; 
they  distribtite  filaments  to  the  aorta  and  unite  to  form  the  three  splanchnic  nerves. 
These  are  named  the  great ^  the  lesser^  and  the  smallest  or  renal  splanchnic. 

The  great  splancknic  nerve  is  of  a  white  color,  firm  in  texture,  and  bears  a 
marked  contrast  to  the  ganglionic  nerves.  It  is  formed  by  branches  from  the 
thoracic  ganglia  between  the^i^JuiBiLteatlLH  receiving  filaments  (according  to  Dr. 
Beck)  from  all  the  thoracic  ganglia  above  the  sixth.  These  roots  unite  to  form  a 
large  round  cord  of  considerable  size.  It  descends  obliquely  inward  in  front  of 
the  bodies  of  the  vertebrae  along  the  posterior  mediastinum,  perforates  the  crus  oi 
the  Diaphragm,  and  terminates  in  the  semilunar  ganglion,  distributing  filaments 
to  the  renal  and  suprarenal   plexus. 

The  lesser  splaneknic  nerve  is  formed  by  filaments  from  the  tenth  and  eleventh 
ganglia  and  from  the  cord  between  them.  It  pierces  the  Diaphragm  with  the 
preceding  nerve  and  joins  the  cceliac  plexus.  It  cumniunicates  in  the  chest  with 
the  great  splanchnic  nerve,  and  occasionally  sends  filaments  to  the  renal  plexus. 

The  smalie^t^  or  renal^  splanehnie  nerve  arises  from  the  last  ganglion,  and, 
piercing  the  Diaphragm,  terminates  in  the  renal  plexus  and  lower  part  of  the 
coeliac  plexus.     It  i»ccaaionaliy  communicates  with    the  preceding  nerve. 

A  striking  analogy  appears  to  exist  between  the  splanchnic  and  the  cardiac 
nerves.  The  cardiac  nerves  are  three  in  number;  they  arise  from  the  three 
cervical  ganglia,  and  are  distributed  to  a  large  and  im|>ortant  organ  in  the  thoracic 
cavity.  The  splanchnic  nerves,  also  three  in  number,  are  connected  probably  with 
all  the  dorsal  ganglia,  and  are  distributed  to  important  organs  in  the  abdi>miual 
cavity. 

The  Lumbar  Portion  of  the  Gangliated  Cord. 

The  lumbar  portion  i^f  the  gangliated  cord  is  situated  in  fnmt  of  the  vertebral 
column  along  the  inner  margin  of  the  Psoas  muscle.  It  cimsists  usually  of  four 
ganglia,  connected  together  by  interganglionic  cords.  The  ganglia  are  of  small 
size,  of  a  grayish  color,  shaped  like  a  barleycoifi,  and  placed  much  nearer  the 
median  line  than  the  thoracic  ganglia. 

The  superior  and  inferior  branehes  of  the  lumbar  ganglia  serve  as  communi- 
cating branches  between  the  chain  of  ganglia  in  this  region.  They  are  usually 
single  and  of  a  white  color. 

The  external  branches  communicate  with  the  lumbar  spinal  nerves.  From  the 
situation  of  the  lumbar  ganglia  these  branches  arc  longer  than  in  the  other  regions. 
They  are  usually  two  iu  number  from  each  ganglion,  but  their  connection  with  I  he 
spinal  nerves  is  not  so  uniform  as  in  other  regions.  They  accompany  the  lumbar 
arteries  around  the  si<les  of  the  bodies  of  the  vertebra?,  passing  beneath  the  fibrous 
arches  from  which  some  of  the  fibres  of  the  Psoas  muscle  arise. 

Of  the  internal  branehes,  some  pass  inward,  in  front  of  the  aorta,  and  help  to 
form  the  aortic  plexus.  Other  branches  descend  in  front  of  the  common  iliac 
arteries,  and  join  over  the  promontory  of  the  sacrum,  helping  to  form  the  hypo- 
gastric plexus.  Numerous  delicate  filaments  are  also  distributed  to  the  bodies  of 
the  vertebrfe  and  the  ligaments  connecting  them* 
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Pelvic  Portion  of  the  Gangliated  Cord. 

The  pelvic  portiMii  of  tlie  gangliuted  eonl  h  sitimted  in  front  of  the  sacrum 
along  the  inner  side  of  the  anterior  sacral  foramina.  It  consists  of  four  or  five 
finll  ganglia  on  each  side,  connected  together  hy  intergangl ionic  cords»  Below, 
'these  cords  converge  and  unite  on  the  front  of  the  coccyx  by  means  of  a  small 
ganglir>n  {the  awei^geal  gartglioft  or  ganglion   imjjar). 

The  stiperior  and  inferior  branches  are  the  cords  of  communication  between  the 
ganglia  above  and  below* 

The  external  branches,  exceedingly  short,  comnnmicate  with  the  sacral  nerves. 
They  are  two  in  number  from  each  ganglion.  The  coccygeal  nerve  communicates 
either  with  the  last  sacral  or  coccygeal  ganglion. 

The  internal  brancheg  communicate,  on  the  front  of  the  sacrum,  with  the 
corresponding  branches  from  the  opposite  side ;  some,  from  the  first  two  ganglia, 
pass  to  join  the  pelvic  plexus,  and  others  form  a  plexus  which  accompanies  the 
middle  sacral  artery  and  sends  filaments  to  the  coccygeal  gland. 

THE   QEEAT  FLE^njSES  OF  THE  STM3*ATHETIC. 

The  great  plexuses  of  the  sympathetic  are  the  large  aggregations  of  nerves 
and  ganglia,  above  alluded  to,  situated  in  the  thoracic,  abdoniinal,  and  pelvic 
cavities  respectively.  From  them  are  derived  the  branches  which  supply  the 
viscera. 

The  Cardiac  Plexus. 

The  cardiac  plexus  is  situated  at  the  base  of  the  heart,  and  is  divided  into  a 
auperfit'ia!  part,  which  lies  in  the  concavity  of  the  arch  of  the  aorta,  and  a  deep 
part,  which  lies  between  the  trachea  and  aorta. 

The  great  or  deep  cardiac  plexus  {plexus  magnum  profimdiis,  Scarpa)  is 
situated  in  front  of  the  trachea  at  its  bifurcation,  above  the  point  of  division  of 
the  pulmonary  artery  and  behind  the  arch  of  the  aorta.  It  is  formed  by  the 
cardiac  nerves  deprived  from  the  cervical  ganglia  of  the  sympathetic  and  the 
cardiac  branches  of  the  recurrent  laryngeal  and  pnenmogastric.  The  only  cardiac 
nerves  which  do  not  enter  into  the  formation  of  this  plexus  are  the  left  superior 
cardiac  nerve  and  the  left  inferior  cervical  cardiac  branch  from  the  pneumogasiric. 

The  branches  from  the  right  »ide  of  this  plexus  pass,  some  in  front  of,  and 
others  behind,  the  right  pulmonary  artery;  the  former,  the  more  numerous, 
transmit  a  few  filaments  to  the  anterior  pulmonary  plexns,  and  are  then  continued 
onward  to  form  part  ot  the  anterior  coronary  plexus  ;  those  liehind  the  pulmonaryr 
artery  distribute  a  few  filaments  to  the  right  auricle,  and  are  then  continued 
onward  to  form  part  of  the  posterior  coronary  plexus. 

The  branches  from  the  kft  side  of  the  deep  cardiac  plexus  distribute  a  few 
filaments  to  the  superficial  cardiac  plexus,  to  the  left  auricle  of  the  heart,  and  to 
the  anterior  pulmonary  plexus,  and  then  pass  on  to  form  the  greater  part  of  the 
posterior  coronary  plexus. 

The  Buperficial  (anterior)  cardiac  plexus  lies  beneath  the  arch  of  the  aorta,  in 
front  of  the  right  pulmonary  artery*  It  is  formed  by  the  left  superior  cardiac 
nerve,  the  left  (and  occasionally  the  right)  inferior  cervical  cardiac  branches  of  the 
pneuraogastric,  and  filaments  from  the  deep  cardiac  plexus.  A  small  ganglion 
(eardiae  ganglion  of  JVriaherg)  is  occasionally  found  connected  with  these  nerves 
at  their  point  of  junction.  This  ganglion,  when  present,  is  situated  immediately 
beneath  the  arch  of  the  aorta,  on  the  right  side  of  the  ductus  arteriosus.  The 
superficial  cardiac  plexus  forms  the  chief  part  of  the  anterior  coronary  plexus,  and 
several  filaments  pass  along  the  pulmonary  artery  to  the  left  anterior  pulmonary 
plexus. 

The  posterior  coronary  plexus  is  chiefly  formed  by  filaments  prolonged  from 
the  left  side  of  the  deep  cardiac  plexus,  and  by  a  few  from  the  right  side.  It 
surrounds  the  branches  of  the  coronary  artery  at  the  hack  of  the  heart,  and  its 
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filaments  are  distributed  with  those  vessels  to  the  muscular  substaDce  of  the 
ventricles. 

The  anterior  coronary  plerus  is  formed  chiefly  from  the  superficial  cardiac 
plexus,  but  receives  filaments  from  the  deep  cardiac  plexus.  Passinf*  forward 
between  the  aorta  and  pulmonary  artery,  it  accompanies  the  left  coronary  artery 
on  the  anterior  surfiice  <>f  the  heart 

Valt'utin  ha^s  described  nervous  filaments  raraif\^ing  under  the  endocardium  ; 
and  Remak  has  found,  in  several  mammalia,  numerous  small  ganglia  on  the  cardiac 
nerves,  both  on  the  surface  of  the  heart  and  in  its  muscular  substance. 

The  Epigastric  or  Solar  Plexus  (Figs.  512,  514). 

The  Epigastric  or  Solar  plexus  supplies  all  the  viscera  in  the  abdominal  cavity. 
It  consij^ts  of  a  great  network  of  nerves  and  ganglia,  situated  behind  the  stomach 
and  in  front  of  the  aorta  and  crura  of  the  Diaphragm.  It  surrounds  the  cocliac 
axis  and  root  of  the  superior  mesenteric  artery,  extending  downward  as  low  as  the 
pancrcjis  and  outward  to  the  suprarenal  capsules.  This  plexus,  and  the  ganglia 
connected  with  it,  receive  the  great  splanchnic  nerve  of  both  sides,  and  some 
filaments  from  the  right  pneumogastric.  It  distributes  filaments  w  hich  accompany, 
under  the  name  of  plexuses,  all  the  bmnches  from  the  front  of  the  abdominal 
aorta. 

The  semilunar  ganglia  of  the  solar  plexus,  two  in  number,  one  on  each  side, 
are  the  largest  ganglia  in  tlie  body*  Tbey  are  large  irregular  gangliform  masses 
formed  by  the  aggregation  of  smaller  ganglia,  having  interspaces  between  them. 
They  are  situated  in  front  of  the  crura  of  the  Diaphragm,  close  to  the  suprarenal 
capsules:  the  one  on  the  right  side  lies  beneath  the  inferior  vena  cava;  the  upper 
part  of  each  ganglion  is  joined  by  the  greater  splanchnic  nerve,  and  to  the  inner 
side  of  each  the  branches  of  the  solar  plexus  are  connected. 

From  the  epigastric  or  soUr  plexus  are  derived  the  following : 

Phrenic  or  Diaphragmatic  plexus.  (  Gastric  plexus. 

Suprarenal  plexus,  Cceliac  plexus^  Splenic  plexus, 

Renal  plexus.  (  Hepatic  plexus. 

Spermatic  plexus*  Superior  mesenteric  plexus. 

Aortic  plexus. 

The  phrenic  plexus  accompanies  the  phrenic  artery  to  the  Diaphragm,  which 
ii;  supplies,  some  filaments  passing  to  the  suprarenal  capsule.  It  arises  from  the 
upper  part  of  the  semilunar  ganglion,  and  is  larger  on  the  right  than  on  the  left 
side.  It  receives  one  or  two  branches  from  the  phrenic  nerve.  In  connection 
with  this  plexus,  on  the  right  side,  at  its  point  of  junction  with  the  phrenic  nerve, 
is  a  small  ganglion  (fjamjboti  diaphrittjfnatit'tim)*  This  ganglion  is  placed  on  the 
under  surface  of  the  Diaphragm,  near  the  suprarenal  capsule.  Its  branches  are 
distributed  to  the  inferior  vena  cava,  suprarenal  capsule,  and  hepatic  plexus. 
There  is  no  ganglioo   on   the  left  side. 

The  suprarenal  plexns  is  formed  by  branches  from  the  solar  plexus,  from  the 
semilunar  ganglion,  and  from  the  phrenic  and  great  splanchnic  nerves,  a  ganglion 
being  formed  at  the  point  of  junction  of  the  latter  nerve.  It  supplies  the  supra- 
renal capsule.  The  branches  of  this  plexus  are  remarkable  for  their  large  size  in 
comparison  with  the  size  of  the  organ  they  supply. 

The  renal  plexus  is  formed  by  filatoents  from  the  solar  plexus,  the  outer  part 
of  the  semilunar  ganglion,  and  the  aortic  plexus.  It  is  also  joined  by  filaments 
from  the  leaser  and  smallest  splanchnic  nerves.  The  nerves  from  these  sources, 
fifteen  or  twenty  in  number,  have  numerous  ganglia  developed  upon  them.  They 
accompany  the  branches  of  the  renal  artery  into  the  kidney,  some  filaments  on 
the  right  side  being  distributed  to  the  inferirjr  vena  cava,  and  others  to  the  sper- 
matic plexus  on  fuvth  sides. 

The  spermatic  plexus  is  derived  from  the  renal  plexus,  receiving  branches  from 
the  aortic  plexus.     It  accompanies  the  spermatic  vessels  to  the  testes. 


3 


nn,  ftH.-Lumbiir  portion  of  the  gmigliiitod  cord,  with  the  aoUr  and  hypogMtrlc  pl^icnses.    (Alter  Henle.) 

In  the  female  the  ovariaE  plexus  is  distributed  to  the  ovaries  and  fundus  of  the 
uterus. 

The  ccBliac  plexus,  of  large  size,  is  a  direct  continuation  from  the  solar  plexus : 
it  surrounds  the  c^xtliac  axis  and  subdivides  into  the  gastric,  hepatic,  and  splenic 
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plexuses.  It  receives  branches  from  the  lesser  Bplanchnic  nerves,  and,  on  the  left 
side,  a  filament  from  the  right  pneumogastric. 

The  gaMrh  or  voronary  plerus  acctimpanies  the  gastric  artery  along  the  lesser 
curvature  of  the  stomach,  and  joins  with  branches  from  the  left  pneumogastric 
nerve.     It  is  distributed  to  the  stomach* 

The  hepatic  plexuH^  the  largest  offset  from  the  coeliac  plexus*  receives  filaments 
from  the  left  pneumogaatric  and  right  phrenic  nerves.  It  accompanies  the  hepatic 
artery,  ramifying  in  the  substance  of  ihe  liver  upon  its  branches  and  upon  those 
of  the  vena  porli^e. 

Branches  from  this  plexus  accompany  all  the  divisions  of  the  hepatic  artery. 
Thus  there  is  a  piflorie  plexus  accompanying  the  pyloric  branch  of  the  hepatic, 
which  joins  with  the  gastric  plexus  and  pneiauogaslric  nerves.  There  is  also  a 
gastro'daodenal  plexu^^  which  subdivides  into  the  pancreatico-duodcnal  plexus, 
which  accompanies  the  pancreatico-duodenal  artery,  to  supply  the  pancreas  and 
duodenum,  joining  with  branches  from  the  mesenteric  plexus;  iinA  ii  fiasfrv-*pi- 
phic  plexm^  which  accompanies  the  right  gastro-epiploic  artery  along  the  greater 
curvature  of  the  stomach  and  anastomoses  with  branches  from  the  s]>lenic  plexus. 
A  ei/stie  p!vxH8y  which  supplies  the  gall-bladder,  also  arises  from  the  hepatic  plexus 
near  the  liver. 

The  splenic  plexus  is  formed  by  branches  from  the  coeliac  plexus,  the  left  semi- 
lunar ganglia,  and  from  the  right  pneumogastric  nerve.  It  accompanies  the 
splenic  artery  and  its  branches  to  the  substance  of  tlie  spleen,  giving  off,  in  its 
course,  filament.^  to  the  imncrea^  (pancreatic  plexm)  nin\  the  left  gagfro-epiploie 
plexus^  which  accompanies  the  gastro-epiploica  sinistra  artery  along  the  convex 
border  of  the  stomach. 

The  superior  mesenteric  plexus  is  a  continuation  of  the  h^wer  part  of  the  great 
solar  plexus,  receiving  a  branch  from  the  junction  of  the  right  pneumogastric 
nerve  with  the  coeliac  plexus.  It  surrounds  the  superior  mesenteric  artery,  w  hich  it 
accompanies  into  the  raeseutery,  and  divides  into  a  number  of  secondary  plexuses, 
which  are  distributed  to  all  the  parts  supplied  by  the  artery- — viz.  pancreatic  branches 
to  the  pancreas  ;  intestinal  branches,  which  supply  the  whole  of  the  smnll  intestine  ; 
and  ileo-colic,  right  colic,  and  middle  colic  branches,  which  supply  the  correspond- 
ing parts  of  the  great  intestine.  The  nerves  composing  this  plexus  are  white  in 
color  and  firm  in  texture,  and  have  numerous  ganglia  develoiied  upon  them  near 
their  origin. 

The  aortic  pleinis  is  formed  by  branches  derived,  on  eacli  side,  from  the  solar 
plexus  and  the  semilunar  ganglia,  receiving  filaments  from  m>me  of  the  lumbar 
ganglia.  It  is  situated  upon  the  sides  and  front  of  the  aorta,  between  the  origins 
of  the  superior  and  inferior  mesenteric  arteries.  From  this  plexus  arise  part  of 
the  spermatic,  the  inferior  mesenteric,  ami  the  hypogastric  plexuses ;  and  it  dis- 
tributes filaments  to  the  inferior  vena  cava. 

The  inferior  meMHteric  plexus  is  derived  chiefly  from  the  left  side  of  the  aortic 
plexus.  It  surrounds  the  inferior  mesenteric  artery,  and  divides  info  a  number  of 
secondary  plexuses,  which  are  distributed  to  all  the  parts  supplied  by  the  artery — 
\'\z.  the  left  colic  and  sigmoid  plexuses,  which  sujjply  the  descending  and  sigmoid 
flexure  of  the  colon  ;  and  the  superior  hjiemorrhoidal  plexus,  which  supplies  the 
upper  part  of  the  rectum  and  joins  in  the  pelvis  with  branches  from  the  pelvic 
plexus. 


The  Hjrpogastric  Plexus, 

The  Hypogastric  Pkxus  supplies  the  viscera  of  the  pelvic  cavity.  It  is  situated 
in  front  of  the  promontory  of  the  sacrum,  between  the  two  common  iliac  arteries, 
and  is  formed  by  the  union  of  numerous  filaments,  which  descend  on  each  side 
from  the  aortic  plexus  and  from  the  lumbar  ganglia.  This  plexus  contains  no 
ganglia,  and  bifurcates,  below,  into  twx*  lateral  portions,  which  form  the  pelvic 
plexuses. 
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The  Pelvic  Plexus. 

Tlio  Pelvic  Plexus  (i^^nrDt* times  called  hiftjrior  Iti/iiot/astni*)  supplies  the  viscera 
of  the  pelvic  euvity,  is  situated  at  the  side  of  the  rectum  and  hkdder  in  the  male, 
and  at  the  side  of  the  rectum,  vagina,  and  hhidder  in  the  female.  It  is  formed  hy 
a  continuation  of  the  hypogastric  plexus,  by  branches  from  tbe  second,  third,  and 
fourth  sacral  nerves,  and  by  a  few  filaments  from  the  first  two  sacral  gan;:lia.  At 
the  jjoint  of  junction  of  these  nerves  small  ganglia  are  found.  From  this  plexus 
numerous  bran  eh  cs  lire  distributed  to  all  the  viscera  of  the  pel  via.  They  aecom* 
pauy  the  branches  of  the  internal  iliac  artery. 

The  inferior  hsmorrhoidal  plexus  arises  from  the  back  part  of  the  pehic 
plexus.  It  supplies  the  rectiun,  joining  with  hrancbes  of  the  superior  hemor- 
rhoidal plexus. 

The  vesical  plexus  arises  from  the  fore  part  of  the  pelvic  plexus*  The  nerves 
composing  it  are  numerous,  and  contain  a  large  proportion  of  spinal  nerve-fibres. 
They  accompany  the  vesical  arteries,  and  arc  distributed  at  the  side  and  ba.se  of 
the  bladder.  Numerous  filaments  also  pass  to  the  vesiculi\>  seminales  and  vas 
deferens ;  those  accompanying  the  vaa  deferens  join,  on  the  spermatic  cord,  with 
branches  from  the  spermatic  plexus. 

The  prostatic  plexus  is  continued  from  the  lower  part  of  the  pelvic  plexus. 
The  nerves  composing  it  are  of  hirge  size.  They  are  distributed  to  the  pros- 
tate gland,  vesicuh^  seminales,  and  erectile  structure  of  the  penis.  The  nerves 
supplying  the  erectile  structure  of  the  penis  consist  of  two  sets,  the  small  and 
large  cavernous  nerves.  They  are  slender  filaments,  which  arise  from  the  fore 
part  of  the  prostatic  plexus,  and,  after  jcuning  with  branches  from  the  internal 
pudic  nerve,  pass  forward  beneath  the  pubic  arch. 

The  small  cavernoits  nerves  perforate  the  fibrous  covering  of  the  penis  near  its 
roots. 

The  I<trfje  eavermmst  nerve  passes  forward  along  the  dorsum  of  the  penis, 
joins  with  the  dorsal  branch  of  the  pudic  nerve,  and  is  distributed  to  the  corpus 
cavern osum  and  spongiosum. 

The  vaginal  plexus  arises  from  the  lower  part  of  the  pelvic  plexus.  It  is  lost 
on  the  walls  of  the  vagina,  being  distributed  to  the  erectile  tissue  at  its  anterior 
part  and  to  the  mucous  membrane.  Tbe  nerves  comjjosing  this  plexus  contain, 
like  the  vesical,  a  large  proportion  of  spinal  nerve-fibres. 

The  uterine  plexus  arises  from  the  upper  part  of  the  pelvic  plexus  above  the 
point  where  the  branches  from  the  sacral  nerves  join  the  plexus.  Its  branches 
accomjmny  the  uterine  arteries  to  the  side  of  the  organ  between  the  layers  of  the 
broad  ligament,  and  are  distributed  to  tlie  cervix  and  lower  part  of  the  body  of  the 
uterus,  penetrating  its  substance. 

Other  filaments  ]}ass  separately  to  the  body  of  the  uterus  and  Fallopian  ti)be. 

Branches  from  the  plexus  accompany  the  uterine  arteries  into  tbe  substance 
of  the  uterus.     Upon  these  filaments  ganglionic  enlargements  are  found. 


THE  ORGANS  OF  SENSE. 


THE  Organs  of  the  Senses  are  five  in  number — viz.  those  of  Touch,  of  Taste,  of 
Smell,  of  Hearing,  and  of  Sight     The  skin,  which  is  the  principal  seat  of  the 
sense  of  touch,  has  been  described  in  the  chapter  on  General  Anatomy. 
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THE  TOKGUX. 

The  Tongue  is  the  organ  of  the  special  sense  of  taste*  It  is  situated  in  the 
floor  of  the  mouth,  in  the  interval  between  the  two  lateral  portions  of  the  body  of 
the  lower  jaw. 

Its  ba^e  or  root  is  directed  backward,  and  connected  with  the  os  hyoides  by 
the  Iljo-glossi  and  Genio-hyo-glos.si  muscles  and  the  hyo-glossal  membrane;  with 
the  epiglottis  by  three  folds  of  mucous  membrane 
which  form  the  ghsso'epiglottie  ligaments  ;  with 
the  soft  palate  by  means  of  the  anterior  pillars 
of  the  fauces;  and  with  the  pbarynx  by  the  Su- 

ferior  constrictor  and  the  mucous  membrane, 
ts  apex  or  ti]>,  thin  and  narrow,  is  directed  ibr- 
ward  against  the  inner  surface  of  the  lower  in- 
cisor teeth.  Tbe  under  surface  of  the  tongue  is 
connected  with  the  lower  jaw  by  the  Genio-hyo- 
glossi  muscles ;  from  its  sides  tbe  mucous  mem- 
brane is  reflected  to  the  inner  surface  of  the 
gums ;  and  in  Iront  a  distinct  fold  of  that  metu- 
brane,  the  frtenum  lingua'^  is  formed  beneath  its 
under  surface. 

The  tip  of  the  tongue,  part  of  the  under 
surface,  its  sides  and  dorsum,  are  free. 

The  dorsum  of  the  tongue  is  convex,  marked 
along  the  middle  line  by  a  raphe,  which  divides 
it  into  symmetrical  halves;  this  raphe  terminates 
behind,  about  an  inch  from  the  base  of  the  organ, 
in  a  depression,  the  foramen  apcum.  The  ante- 
rior two-thirds  of  this  surface  are  rough  and 
covered  with  papilla? :  the  posterior  third  is 
smoother^  and  covered  by  the  projecting  orifices 
of  numerous  muciparous  glands. 

Structure  of  the  Tongue. — The  tongue  is 
partly  invested  by  mucous  membrane  and  a  sub- 
mucous  fibrous  layer.  It  consists  of  symmetric 
cal  halves,  separate<l  from  each  otlier,  in  the  middle  line,  by  a  fibrous  septum. 
Each  half  is  composed  of  mtiscular  fibres  arranged  in  various  directions,  contain- 
ing much  interposed  fat,  and  supplied  by  vessels  and  nerves. 

The  mucous  membrane  invests  the  entire  extent  of  the  free  surface  of  the 
tongue.  On  the  dorsum  it  is  thicker  behind  than  in  front,  and  is  continuous  with 
the  sheath  of  the  muscles  attached  to  it,  through  the  submucous  fibrous  layer. 
On  the  under  surface  of  the  organ  it  can  he  traced  on  each  side  of  the  fr^enum 
through  the  ducts  of  the  submaxillary  and  the  sublingual  glands.  As  it  passes 
over  the  borders  of  the  organ  it  gradually  assumes  its  papillary  character. 

The  structure  of  the  mucous  membrane  of  the  tongue  differs  in  different  parts. 
That  covering  the  under  surfact*  of  the  organ  is  thin,  smooth,  and  identical  in 
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strticttire  with  tliat  lining  the  rest  of  the  oral  cavity.  The  mucous  membrane  on 
the  anterior  part  of  the  dor^^um  nf  the  tongue  is  thin  and  intimately  adherent  to 
the  muscular  tissue,  whilst  that  at  the  root  is  much  thicker  and  looser. .   It  consists 
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Fig.  516,— The  thrt»ij  Idnds  of  puplll^et  magiiifled. 


of  a  layer  of  connective  tissue,  the  corium  or  mucosa,  supporting  numerous  paptUiT 
and  covered,  as  well  as  the  papillre,  with  epithelium. 

The  epithelium  is  of  the  scaly  variety,  like  that  of  the  epidermis.  It  covers  the 
free  surface  of  the  tongiie,  as  may  he  easily  demonstrated  by  maceration  or  boiling, 
when  it  can  be  easily  detached  entire :  it  is  much  thinner  than  on  the  skin :  the 
intervals  between  the  large  papillae  are  not  filled  up  by  it,  but  each  papilla  has 
a  separate  investment  from  root  to  summit.  The  deepest  cells  may  sometimes 
he  detached  as  a  separate  layer,  corresponding  to  the  rete  mucosum,  but  they 
never  contain  coloring  matter. 

The  earlum  consists  of  a  dense  feltwork  of  fibrous  connective  tissue,  with 
numerous  elastic  fibres,  firmly  connected  with  the  fibrous  tissue  forming  the  septa 
between  the  muscular  bundles  of  the  tongTie,  It  contains  the  ramifications  of  the 
numerous  vessels  and  nerves  from  which  the  pap i lite  are  supplied^  large  plexuses 
of  lym])hatic  vessels,  and  the  glands  of  the  tongue. 

The  PapiUf^!  of  the  ?t>m/«c,— These  are  papillary  projections  of  the  corium. 
They  are  thickly  distributed  over  the  anterior  two-thirds  of  its  upper  surface,  giving 
to  it  its  characteristic  roughness.  The  varieties  of  pajullse  met  with  are — the 
papillae  maximae  [fnreummlkttfc).  papilhi?  mediie  {fungifonn€s\  papillae  minimoe 
{eoHtL'<e  OT  Jiliformea)^  and  papilhe  si mj dices. 

The  papilla'  ffiarimte  (circumvallatie)  are  of  large  size,  and  vary  from  eight  to 
twelve  in  number.  They  are  situated  at  the  back  part  of  the  dorsum  nf  the  tongue, 
near  its  base,  forming  a  row  on  each  side,  which,  running  backward  and  inward, 
meet  in  the  middle  line,  like  the  two  lines  of  the  letter  V  inverted.  Each  papilla 
consists  of  a  projection  of  mucous  membrane  from  i^  to  -j^  of  an  inch  wide, 
attached  to  the  bottom  of  a  cup- shaped  depression  of  the  mucous  membrane ;  the 
pajulla  is  in  shape  like  a  truncated  cone,  the  smaller  end  being  directed  down- 
ward and  attached  to  the  tongue,  the  broader  part  or  base  projecting  on  the  sur- 
face and  being  studded  with  numerous  small  secondary  papilla,  which,  however, 
are  covered  by  a  smooth  layer  of  the  epithelium.  The  cup-shaped  depression 
forms  a  kind  of  fossa  round  the  [lapilla,  having  a  circular  margin  of  about  the 
same  elevation  covered  with  nnialler  papilliBe.  At  the  point  of  junction  of  the  two 
rows  of  })apilhe  is  the  dee]*  defiression,  the  foramen  arciwh  mentioned  above. 

The  pttpiilm  medi(f  (fungiformes),  more  numerous  than  the  [^receding,  are 
scattered  irregularly  and  sparingly  over  the  dorsum  of  the  tongue,  but  are  found 
chiefly  at  its  sides  and  apex.  They  are  easily  recognijied  among  the  other 
papilke,  by  their  large  size,  rounded  eminences,  and  deep-red  color.  They  are 
narrow  at  their  attachment  to  the  tcmgue,  but  broad  and  rounded  at  their  free 
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extremities,  and  covered  with  secondary  papilla?, 
very  tbin. 

Tlie  ^HtpUhe  minimm  (conica?  or  fili formes)  cover  the  anterior  two- thirds  of  the 
darn  urn  of  the  tongue.  They  are  very  mi- 
nute, mure  or  less  conical  or  filiforiTi  in  shape, 
and  arranged  in  lines  corresponding  in  di- 
rection with  the  two  rows  of  the  paj*ilhi?  eir- 
cumvallatie,  excepting  at  the  apex  of  the 
organ»  where  their  direction  is  transverse. 
They  have  projecting  from  their  apices  nu- 
raerons  filifftrm  processes  or  secondary  pa- 
pillie,  which  are  of  a  whitisii  tint,  owing  to 
the  thickness  and  density  of  the  epithelium 
of  which  they  are  composed,  and  which  has 
here  undergone  a  peculiar  modification,  tlie 
cells  having  become  coi*nilied  and  elongated 
into  dense,  imbricated,  brush-like  proc€\sses. 
They  contain  also  a  number  of  elastic  fibres, 
which  render  them  firmer  and  nn»re  elastic 
than  the  fiapillie  of  mucous  membrane  gen- 
erally. 

Simple  pttpiUiVy  similar  to  those  of  the 
skin,  cover  the  whole  of  the  mucous  mem- 
brane of  the  tongue,  as  well  as  the  larger 
papilite.     They  consist  of  closely-set,  microscopic  elevations  of  the  corium,  con- 
taining a  capillary  loop,  covered  by  a  layer  of  epithelium. 

Sfriivttfre  of  the  PapfUtp. — The  papilbe  appareinly  resemble  in  stnicture  those 
of  the  cutis,  consisting  of  a  ctme-shaped  projection  of  connective  tissue,  covered 
with  a  thick  layer  of  squamous  epithelium,  and  contain  (>ne  or  more  capillary 
loops,  amongst  which  nerves  are  distributed  in  great  abundance.  If  the  epithe- 
lium is  removed,  it  will  be  found  that  they  are  not  simple  elevations  like  the 
papillae  of  the  nkin,  for  the  surface  of  each  is  studded  with  minute  conical  pro- 
cesses of  the  mucous  mend)rane,  which  form  secondary  pajiilhe  (Todd  and  Bow- 
man). In  the  papiihe  circumvallatn?  the  nerves  are  numerous  and  t*f  large  size; 
in  the  papilhe  fungi  formes  they  are  also  numerous,  and  terminate  in  a  pi  ex  i  form 
network,  from  which  brush-like  branches  proceed  ;    in  the  papilUe  filiformes  their 

mode  of  termination  ia  uncertain.  Buried  in  the 
epidtrmis  of  tlic  pupilUe  circuuivailata?,  and  in  some 
of  the  fungi t^irmes,  certain  peculiar  bodies  called 
i'iHlf-(/(title(if  have  been  described.^  They  are  tlask- 
like  in  shape,  their  broad  bavse  resting  orx  the  co- 
rium, and  their  neck  opening  by  an  orifice  between 
the  cells  of  the  epithelium.  They  are  formed  by 
two  kinds  of  cells:  tlie  external  (cru'tical)  are 
arranged  in  several  layers ;  they  are  long  and  flat- 
tened, ivitb  tapering  ends,  and  in  contact  by  their 
edges,  the  tapering  extremities  extending  from  the 
ha^e  to  the  apex  of  tlie  organ.  Their  apical  ends 
bound  the  orifice  (gustatory  pore)  just  mentioned* 
They  thus  enclose  the  central  cells  (gustatory  cells), 
which  are  spindle-shaped  and  have  a  large  spherical  nucleus  about  the  middle  of 
the  cell.  Both  exfremitieH  of  a  gustatory  cell  are  filamentous;  the  iriner  process 
is  described  (denied  by  G.  Retxius)  as  continuous  with  the  terminal  tibril  of  a 
nerve  (glosso-pharyngeal),  while  the  outer  one  projects  as  an  extremely  fine  hair 
through  the  orifice  of  the  taste-goblet.^ 

'  Tliese  bodies  nre  nlsn  fouutl  in  cnnsidenibte  rmml>ers  wt  iIk'  side  of  the  base  of  the  tonguej  jutft 
in  front  of  ihe anterior  pillars  of  the  fuuf!^. 

*  tSee  Eiiglemaua,  in  &?tricker'8  Handbook  [Nam  Sgd*  Sue.  Tra/ix.),  vul.  iii.  p.  2. 
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Fio.  5I5J.— Uoder  suriact?  of  tun^ic,  sbouiiig  iHJ^iUtm  anil 
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Grhindg  of  the  Tontjne. — ^The  tongue  is  provided  with  mucotis  and  serous 
glands  and  lyraptKiid  follicles. 

Tlio  mnrous  fjiauds  are  similar  in  structure  to  tbe  labial  and  buccal  glands. 
They  are   found  all   over  the  surface  of  the  mucous  membrane   of  the  tongue, 

ci^pecialiy  at  the  hack  part,  behind 
the  circum  vail  ate  papillje,  but  also 
at  the  apex  and  marginal  parts. 
In  connection  with  tbcse  glands  a 
^GUtmioj  ntandin   gpccial  one  has  been  described  bv 

L  ana  AtiAn.  »  it  *' 

Jilundin  an<l  >iuhn.  It  is  situated 
near  the  apex  of  the  tongue  on 
either  side  of  the  fnienum.  and  is 
covered  over  by  a  fasciculus  of 
muscular  fibre  derived  from  the 
Stylo-glossus  and  Inferior  lin- 
gual is.  It  is  from  half  an  inch 
to  nearly  an  inch  long  and  about 
the  third  of  an  inch  broad.  It 
has  from  four  to  six  ducts,  which 
open  on  the  under  surface  of  the 
apex, 

Ttje  serous  glands  occur  only 
at  the  back  of  the  tongue  in  the 
neighborhood  of  the  taste-goblets, 
their  duets  opening  for  the  most  part  into  the  fossa^  of  the  circum  vallate  papillae. 
These  glands  are  racemose,  the  duct  branching  into  several  minute  ducts,  which 
terminate  in  alveoli  lined  by  a  single  layer  of  more  or  less  columnar  epithelium. 
Their  secretion  is  of  a  watery  nature,  and  probably  assists  in  the  distribution  of 
the  substance  to  be  tasted  over  the  taste-area  (Ebuer), 

The  lyfimphoid  Foilialea. — The  h/mphoid  tltntue  is  situated,  for  the  most  part  at 
the  hack  of  the  tongue*  between  the  epiglottis  and  tbe  circumvallate  papillae,  and 
is  collected  at  numerous  points  into  distinct  masses  known  as  hpnphind  follicleg. 
Here  and  there  in  this  situation  are  depressions  in  tlie  rnuccuis  memhranei 
surrounded  by  nodules  of  lymphoid  tissue,  similar  to  tbe  structure  found  in  the 
tonsil  :   into  them  open  some  of  the  ducts  id"  the  mucous  glands. 

The  fihnntJf  stiptum  consists  of  a  vertical  layer  of  fibrous  tissue,  extending 
throughout  the  entire  length  of  the  middle  line  of  the  tongue,  from  the  base 
to  the  apex,  though  not  ijuite  reaching  tbe  dorsum.  It  is  thicker  behin<l  than 
in  front,  and  occasionally  contains  a  small  fibro-cartilage  about  a  tjuarter  of 
an  inch  in  length*  It  is  well  displayed  by  making  a  vertical  section  across  the 
organ. 

The  Hyo-glossal  membrane  is  a  strong  fibrous  lamina  ^Yhich  connects  the 
under  surface  of  the  base  of  the  tongue  to  the  body  of  the  hyoid  bone.  This 
membrane  receives,  in  front,  some  of  the  fibres  of  tbe  (fcnio-hyo-glossi. 

Tassels  of  the  Tongue. — The  arterifn  of  the  ton*/ue  are  derived  from  the  lingual, 
the  facial,  and  ascending  pharyngeal.  The  vein  a  of  the  tongue  accompany  the 
arteries. 

Muscles  of  the  Tongue, — The  muscular  fibres  of  the  tongue  run  in  various 
directions.     These  fibres  are  divided  into  two  sets.  Extrinsic  and  Intrinsic. 

The  Ertrume  museies  of  the  tungue  are  those  which  have  their  origin  external 
to  it,  and  only  their  terminal  fibres  contained  in  the  substance  of  the  organ.  They 
are  the  Stylo-gloss  us,  the  llyo-glossus,  the  Palato-gloj^sus,  the  (icnio-hyo-gloasus, 
and  part  of  the  Superior  constrictor  r>f  the  pharynx  (I'liaryngo-glossus), 

The  Ifttn'nifir  mugeles  are  those  which  are  contained  entirely  within  the  tongue 
and  form  the  greater  part  of  its  substance.  Both  sets  have  been  already  described 
(jiage  415). 

The  it/mphativ  ve^eU  from  the  fotN/fte  pass  to  one  or  two  small  glands  situated 
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THE   TONGUE. 

on  the  Hyo-glo8Siis  muscle  io  the  submaxillary  region,  and  from  thence  to  the  deep 
glands  of  the  neck. 

The  nervf'n  of  the  tongue  are  four  in  number  in  ratli  half:  the  lingual  branch 
of  the  fifth,  which  is  distributed  to  the  papilhie  at  the  ffjre  part  and  sides  of  the 
tongue:  the  lingual  branch  of  the  glos80-pharyngeal,  which  is  di*?tribiited  to  the 
mucous  membrane  at  the  base  and  side  of  the  tongue  and  to  the  papillae  circum- 
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Pro.  520.— Under  fiurfacc  of  the  tonj^ie,  showing  the  distribuiiou  of  nervtfs  to  this  org&n.    (From  a  pn^para^  ■ 
Ono  in  the  Mua^^um  of  the  Royal  CoUege  of  Surgeona.) 


vallatse;  the  hypoglossal  nerve,  which  is  distributed  to  the  muscular  substance 
of  the  tongue ;  and  the  chorda  tympani  to  the  Linc^ualis  muscle.  Sympathetic 
filaments  also  pass  to  the  tongue  from  the  nervi  mollcs  on  the  lingual  and  other 
arteries  supplying  it.  The  glossu- pharyngeal  branch  is  the  special  nerve  of  the 
sense  of  taste,  the  lingual  (gostatory)  is  the  nerve  of  common  sensation,  and  the 
hypoglossal  is  the  motor  nerve  of  the  tongue,  except  for  the  Inferior  lingualis, 
which  is  supplied  by  the  chorda   tyrapani. 

Surgical  Auatoniy. — The  diseases  to  which  the  tongue  is  liahk  are  nuraerons,  and  ita 
surp'ictil  loifitomy  uf  tin  port  iirK^^,  since  any  or  all  thr*  struct  urea  of  which  it  is  composed — aiuBelcft^ 
connective  tissue,  mucous  memhraue,  elaiids,  vessels,  nerves',  and  lyinidiatics — may  l>e  the  seali 
of  morbid  changes.     It  is  not  olVen  the  mwi  ol*  congeriitul  detects,  ihtuiirh  a  fewciLHcsof  vertical  j 
clefl  have  been  rceortlefl,  and  it  is  ot'casionally,  thon*?h  inucli  more  rarely  than  is  commonly  sup- 
posed, the  seat  of  *' ton^'^ue-tie/'  fomi  short nes;*  of  the  frrenum.     uSee  paye  554 J 

There  is,  however,  one  conditioa  which  mint  be  re4rar<led  as  congenital,  though  k  does  not 
sometimes  evidence  it^^elf  until  a  year  or  two  after  birtlu  which  is  not  uncrujinion.  This  is  an 
enlargement  of  the  tonijue  which  is  due  primarily  to  a  dilatation  of  the  ly(n|^h-chaimeb  and  a 
greatly  increased  development  of  the  lymplititic  tissue  throughout  the  tongue.    This  is  often  ] 
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ggraviited  hy  infianimatory  (ilianires  itkIuoc^I  l\v  injiirv^  or  exposure,  and  tlie  tonirue  may  assume 
'enormous  dimensions  and  lianir  *nit  of  the  TJiouth,  ^ivinir  the  child  an  imbecile  expression.  Tlie 
treatment  ouhsibU  in  cxfisinii  a  V-sha|>ed  portion  and  brintrinc  tlie  rot  gnrfaci^s  to.e:ell]er  with 
dceply-plaeed  silver  sntnres.  CompreK**ion  lias  been  rasorted  to  in  some  cai%e^  and  with  suix'ess, 
but  it  is  difficult  to  apply.  Acnte  niflaraniation  of  the  tongiie.  which  may  he  amsed  liy  iTijnr>* 
and  the  introduction  of  8ome  septic  or  irritating  matter,  b  attended  by  preat  sweliing  from 
mfiltration  of  its  connective  tissne,  which  is  in  considerable  quantity.  This  rendere  the  patient 
inCE<|>ahle  of  swallowinL'  or  sp^akin^.  and  may  seriously  impede  respiration.  It  may  run  nn  to 
I  Buppiiration  and  tlie  fonnation  of  an  acute  abscess.  Chronic  nbseess,  which  has  been  mistaken 
'  for  cancer,  may  iilso  occur  in  the  snlistaiiee  of  the  ton  true. 

The  muctais  memhranc  of  the  tonj^iie  may  l>eeomc  fhr<inicj*lly  inflamed*  and  presents 
diflereni  appearances  in  different  stages  of  the  disease^  to  which  the  terms  leucoplakia,  psoriasis, 
and  ichthyosis  have  been  ^^iven. 

The  tongue,  being  very  va^scular*  is  often  the  seat  of  nasvoid  growtha^and  these  have  a  tend- 
ency to  grow  rapidly. 

The  tongue  is  freemen tly  the  scat  of  ulceration,  which  may  arise  from  many  eaus«s,  as  from 
the  irritation  of  jaggeo  teeth,  dyspemin,  tubercle,  syphilis,  and  cancer  Of  these  the  cancerous 
ulcer  is  the  most  important,  and  pror>al>ly  also  the  most  conmion.  The  variety  is  the  squamous 
epithelioma,  which  soon  develops  into  an  ulcer  with  an  indurated  base.  It  produces  great  pain, 
which  speedily  extends  to  all  parts  supplied  with  sensation  hy  the  fitlh  nerve,  especially  to  the 
reirion  <>f  the  car  The  pain  in  these  eases  is  conducted  to  the  ear  and  temporal  region  by  the 
liiitrual  nerve,  and  from  it  to  the  other  branches  of  the  inferior  maxillary  Ticrve,  espeeiaSly  the 
aurieulo-temporal  Possilily  pain  in  the  ear  itself  may  be  due  to  implication  of  the  fibres  of 
the  glosso- pharyngeal  nerve,  which  by  its  tympanic  branch  is  conducted  to  the  tympanic 
plexus. 

Cancer  nf  the  tonsfue  mav  necessitate  removal  of  a  part  or  the  whole  of  the  oruan.  and 
many  different  methods  liave  been  adopted  for  its  excision.  It  may  he  removed  from  the  mouth 
by  the  ^raseur  or  the  scissors.  Prt»l>ahly  the  better  method  is  by  the  sciss<;)rs.  usually  known 
as  Whitehead's  method.  The  mouth  is  widely  ofvencd  with  a  ^ag.  the  tongue  transfixed  witli  a 
stout  silk  li^\Htnrc.  by  which  to  hol<l  and  make  traction  on  it  and  the  reflection  of  mucous  mem- 
brane from  the  tnnpue  to  tlie  jaw,  and  the  insertion  of  the  Genio-hyo-glossus  fiirst  dividend  with 
a  pair  rd'  curved  hbint  scissors.  The  Palatii-iih)ssus  is  also  divided.  The  tongue  can  now  be 
pullc<l  well  ont  of  the  mouth.  Tl^ic  base?  of  the  tonirue  is  cut  through  hy  a  series  of  short  anii>s, 
each  bleeding  vessel  beinif  dealt  with  as  soon  as  divided,  until  the  situation  of  the  tanine  arten* 
is  reached.  The  remaining  undivifled  portion  of  ti.ssue  is  to  be  seized  with  a  pair  of  Wells^s 
forceps,  the  tongue  removed,  and  the  vessel  secured-  In  the  event  of  the  ranine  artery  Ijeinu 
accidentally  injured  haemorrhage  can  he  at  once  controlled  by  passing  two  fingers  over  the 
dorsum  of  the  tongue  as  far  as  the  epiglottis  and  dragging  the  root  of  the  tongue  ibrcibly 
forward. 

In  cases  where  the  disease  is  confined  to  one  side  of  the  tongue  this  ttperation  may  be 
modified  by  splitting  the  tongue  down  the  centre  and  removing  only  the  affected  half  In 
cases  where  the  submaxillary  glands  are  involve<i  Kocher's  operatifm  should  be  perlbrmed. 
He  removes  the  tongue  from  the  neck,  having  jierformed  a  preliminary  trajcdieotomy,  by  an  inciS' 
ion  fnjui  neiir  the  lobuk^  of  the  ear.  down  (he  anterior  border  of  tiie  Stemo-mastcjid  to  the  level 
of  the  great  wniu  of  the  hyoid  Ixjne,  then  fons'ard  to  the  Ixuh^  of  the  hyoid  Ixme,  and  unward 
to  ne^ir  the  symphysis  of  the  jaw.  The  lingual  arteri'  is  now  scH^ured,  and  by  a  careful  dissec- 
tion the  submaxillary  lymphatic  glands  and  the  tongue  removed.  Kegnoli  ailviX'ated  the  removal 
of  the  tongue  by  a  semilunar  incision  in  the  submaxillary'  triangle  along  the  hne  of  the  lower 
jaw,  and  a  vertical  incision  from  the  centre  of  the  semilunar  one  backward  to  the  hyoid  bone. 
Care  must  lie  taken  not  to  carry  the  first  incision  trw  far  hackwartl,  so  as  to  wound  the  facial 
arteriei!.  The  Ujugue  is  thus  rcaehed  through  tlie  floor  of  the  mouth,  pulled  mit  through  tlie 
external  incision,  and  removed  with  the  i'^c ra.se ur  nr  knife.  The  great  objection  to  this  operation 
is  that  all  the  muscles  which  raise  the  hytiid  bone  and  laiynx  are  divided,  and  that  therefore  the 
movements  of  deglutition  and  resf)imtion  are  interlere<i  with. 

Finally,  where  both  sides  of  tlie  floor  of  tlie  mouth  are  involved  in  the  disease,  or  where 
very  free  ai^ceAS  is  re«|uin?ri  on  account  of  the  extension  backward  of  the  disease  to  the  TJillare 
of  the  fauces  and  the  tonsil,  or  where  the  lower  jaw  is  involved,  the  openition  recommended  by 
Symc  must  be  pcrtoruKnl.  This  is  done  by  an  incision  thn>u^li  the  central  line  oT  the  hp.  acrt»s8 
the  chin,  and  down  ws  far  as  tlie  hyoid  Injue.  The  lower  jaw  is  sjiwn  tliroiijeh  at  the  symphysis, 
and  the  two  fialves  of  the  Itonc  forcibly  separated  from  each  other.  The  mucous  membrane  is 
separated  fnmi  the  Ixine,  and  the  (ienio-hyij-glossi  ilctached  from  the  Ixine,  ami  the  llyo-gloaBi 
divided.  The  tongue  is  then  drawn  tbrward  and  reuioveil  clnse  to  its  attachment  to  t!ie  hyoid 
bone.  Any  glamls  which  are  enlarged  can  l>e  renwvcd,  and  il'  the  Imuic  is  implicated  in  the 
dise^ise,  it  c4*n  alst*  tie  rcnuived  by  freeing  it  from  the  soft  ]>arts  extemidly  and  internally,  and 
makini:  a  second  section  with  the  .naw  lx\vond  the  dis<'ased  [lart. 

Formerly  many  surjioons  betbre  removing  the  tongue  performeil  a  prehminary  tnndie^itomy : 
(1)  to  jircvent  blood  entering  the  air-passiiges  ;  and  {*!)  to  allow  the  tmtient  to  breathe  through 
the  tul>e  an<l  n<^>t  ins|>ire  air  which  had  passed  over  a  slouiihy  wound,  and  which  was  loaded  with 
septic  organisms  and  likely  to  intiuce  septic  pneutnonia.  By  the  judicious  use  of  iochiform  this 
Becondary  evil  may  be  obviated,  and  the  preliminary  tracheotomy  is  now  usually  dis|>ensed 
with. 


Figs.  fisi.  S23.— CartilAgea  of  the  nose. 

The  organ  of  smell  consists  of  two  parts — one  external,  the  none ;  the  other 
internal,  the  nasal  fos^a'. 

The  no^i'  is  the  more  anterior  and  prominent  part  of  the  organ  of  smell.  It  j 
of  a  triangular  form,  directed  vertically  downward,  and  projects  from  the  centre 
of  the  face  immediately  above  the  upper  lip.  Its  summit  or  root  is  connected 
directly  with  the  fo!ehead.  It8  inferior  part,  the  base  of  the  nose,  presents  two 
elliptical  orifices,  the  nostrils,  separated  from  each  t>ther  by  an  antero-posterior 
septum,  the  cohimfia.  The  margins  of  these  orifices  are  provided  with  a  number 
of  stiiF  hairs,  or  vihris»tf\  whirh  arrest  the  passage  of  foreign  substances  carried 
with  the  current  of  air  intended  for  respiration.  The  lateral  surfaces  i>f  the  inme 
form,  by  their  union,  the  fhrsiini^  the  direction  of  which  varies  considerably  in 
diflTerent  individuals.  The  dorsum  terminates  below  in  a  rounded  eminence,  ihe 
hbe  of  the  nose. 

The  nose  is  composed  of  a  framework  of  bones  and  cartilages,  the  latter  being 
slightly  acted  upon  b}'  certain  muscles.  It  is  covered  externally  by  the  integument, 
internally  by  mucous  membrane,  and  supplied  with  vessels  and  nerves. 

The  htm  if  framework  occupies  the  u]*j)er  part  nf  the  organ:  it  consists  of  the 
nasal  bones  and  the  nasal  processes  of  the  superior  maxillary. 

The  far  tiiat/lnoun  frame  work  consists  of  live  pieces,  the  two  upper  and  the  two 
lower  lateral  cartilages  and  tlie  cartilage  of  the  sejitum. 

The  upper  iatirtd  vartihupa  are  situated  below  the  free  margin  of  the  nasal 
bones;  each  cartilage  is  flattened  and  triangular  in  shape.  Its  anterior  margin  is 
thicker  than  the  posterior,  and  connected  with  the  iibro-cartilage  of  the  srptum. 
Its  posterior  margin  is  attached  to  the  nasal  process  of  the  superior  maxillary  and 
nasal  hones.  Its  inferior  margin  is  connected  by  fibrous  tissue  with  the  lower 
lateral  cartilage  :  one  surface  is  turned  outward,  the  other  inward  toward  the 
nasal  cavity. 

The  hwtT  hiteral  cartilages  are  two  thin,  flexible  plates  situated  immediately 
below  the  preceding,  and  bent  npon  themselves  in  such  a  manner  as  to  form  the 
inner  and  outer  walls  of  each  orifice  of  the  nostril.  The  portion  w  hich  forma  the 
inner  wall,  thicker  than  the  rest,  is  loosely  connected  with  the  same  part  of  the 
opposite  cartihige,  and  forms  a  small  part  of  the  columna.  Its  inferior  border, 
free,  rounded,  and  projecting,  forms,  with  the  thickened  integument  and  euhja- 
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Fig.  523v— Bonca  and  cartiluxcn  uf  septum  of  nuse 
Right  aide. 


cent  tif*8ue  and  the  corresponding  parts  of  the  opposite  side,  the  tip  of  the  nose. 
The  part  which  forms  the  outer  wall  ia  curved  to  correspond  with  the  iila  of  the 

nose ;  it  is  oval  and  flattened,  narrow 
behind,  where  it  is  connect  id  with  the 
nasal  process  of  the  superior  maxilla 
by  n  tough  fibrous  mendirane,  in  which 
are  found  three  or  four  small  cartilagi- 
nous plates  (sesamoid  cartilages),  car- 
t  Hag  in  t' a  minfirfs.  Above,  it  is  con- 
nected to  the  up])er  lateral  cartilage 
and  front  part  of  the  cartihige  of  the 
septum ;  below,  it  is  separated  from 
the  margin  of  the  nostril  by  dense 
cellular  tissue ;  and  in  front,  it  forms, 
with  its  fellow,  the  lobe  of  the  nose. 

Tbe  i-iirtiJatje  of  the  septmn  is  some* 
what  ijuadri lateral  in  form,  thicker  at 
its  margins  than  at  its  centre,  and 
completes  the  separation  between  the 
nasal  fossie  in  front.  Its  anterior  mar- 
gin, thickest  above,  is  connected  from 
above  downward  with  tbe  nasal  hones,  the  anterior  margin  of  the  two  npper  hiteral 
cartilages,  and  the  inner  ]H>rtiou  of  the  two  lower  lateral  cartilages.  Its  posterior 
margin  is  connected  with  the  perpendicular  lamella  of  the  ethmoid,  its  inferior 
margin  with  the  vomer  and  the  palate  processes  of  the  superior  maxillary  bones. 
These  various  cartilages  are  eonriected  to  each  other  an<l  to  the  bones  by  a 
lough  fibrous  nierabrane,  which  allows  tlie  utmost  facility  of  movement  between 
them. 

The  muscleg  of  the  nom  are  situated  immediately  beneath  the  integument : 
they  are  (on  each  side)  the  Pyramidal  is  nasi,  the  Levator  lahii  superioris  alaeqae 
nasi,  the  Dilatator  naris,  anterior  and  posterior^  the  Comjiressor  nasi,  the  Com- 
pressor narium  minor,  and  the  Depressor  al^e  nasi.  They  have  been  described 
above  (page  399), 

The  ifitq/ument  covering  the  dorsum  and  sides  of  the  nose  is  thin,  and  loosely 
connected  with  the  subjaeent  parts,  btit  where  it  forms  the  tip  or  lobe  and  the 
alte  of  the  nose  it  is  thicker  and  more  firmly  adherent.  It  is  furnished  with  a  large 
number  of  sebaceous  follicles,  the  orifices  of  which  are  usually  very  distinct* 

The  jfiitcous  membrifue  lining  the  interior  of  the  nose  is  continuous  with  the 
skin  externally  and  with   that   which  lines  the  na.sal  fosste  within. 

The  artt'r(e»  of  the  uom'  are  the  lateralis  nasi  from  the  facial,  and  the  inferior 
artery  of  the  septum  from  the  superior  coronary,  which  supply  the  ali^  and 
septum,  the  sides  and  dorsum  being  supplied  from  the  nasal  branch  of  the 
ophthalmic  and  the  infra-orhitaL 

The  veins  of  the  nose  tenninate  in  the  facial  and  oplulialmic. 
The  nerves  of  the  nose  are  branches   from  the  facial,  infra-orbital,  and  infra- 
trochlear,  and  a  filament  from  the  nasal  branch  of  the  ophthalmic. 

Nasal  Fossa. 

The  nasal  fossje  are  two  irregular  cavities  situated  in  the  middle  of  the  face 
and  extending  from  before  backward.  They  open  in  front  by  the  two  anterior 
nares,  and  terminate  in  tbe  pharynx*  behind,  by  the  posterior  nares.  The  anterior 
nares  are  sfunewdiat  pear-shafied  apertures,  each  measuring  about  one  inch  vertically 
and  half  an  inch  transversely  at  their  widest  part.  The  post^^rtor  nares  are  two 
oval  openings  situated  at  the  upper  part  of  the  anterior  wall  of  the  pharynx. 
They  are  smaller  in  the  body  than  in  the  skeletrm,  because  narrowed  by  the 
mucous  membrane.  Each  opening  measures  an  inch  in  the  vertical  and  half  an 
inch  in  the  transverse  direction  in  a  well-developed  adult  skull. 


THE  NASAL    FOSS.^. 

The  inueous  menihmni'  lining  the  nasal  fosste  is  called  the  jntuitary^  from  the 
nature  of  its  secretion  :  or  Sikneiderian^  from  Schneider,  tlie  first  anatoinist  who 
showed  that  the  secretion  proceeded  frtmi  thenioeons  memliraiie,  and  not,  as  was 
formerly  ima;^ined,  from  the  hrain.  It  i.s  intimately  adherent  to  the  periosteum 
or  perichondrium,  over  which  it  lies.  It  is  continuous  externally  with  the  skin 
through  the  anterior  nares,  and  with  the  mucous  membrane  of  the  pharynx 
through  the  pOHtcrior  nares.  From  the  nasal  fossje  its  continuity  may  be  traced 
with  the  conjunctiva  through  the  nasal  duct  and  hichrymal  canals;  with  the 
lining  membrane  of  the  tympanum  anil  mastoid  cells  thmugh  the  Eustachian 
tube;  and  with  the  fmntal,  ethnioiiial,  and  sphenoidal  sinttses,  and  the  antrum  of 
Highmore  through  the  several  ojienings  in  the  meatuses.  The  mucous  membrane 
ia  thickest  and  most  vascular  over  the  turbinated  bones*     It  is  also  thick  over  the 
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Fig,  t^^.— TtunnTerae  vertical  aectlon  of  the  najiAl  roufle.    The  section  i&  made  anterior  to  the  superior 
lurblDAted  bones,    (Cryer.) 


septum,  but  in  the  intervals  between  the  spongy  bones  and  on  the  floor  of  the 
nasal  fossae  it  is  very  thin.  Where  it  lines  the  various  sinuses  and  the  antrum  of 
Highmore  it  is  thin  and  pale. 

Owing  to  the  great  thiekness  of  this  membrane,  the  nasal  fosste  are  much 
narrower,  and  the  ttirbinated  bones,  especially  the  lower  ones,  appear  larger  and 
more  prominent  than  in  the  skeleton.  From  the  same  circnmstance  also  the 
various  a]>ertures  communicating  with  the  meatuses  are  either  narrowed  or 
completely  closed. 

hi  the  sii/ferior  meafns  the  aperture  of  communication  with  the  posterior 
ethmoidal  cells  is  considerably  diminished  in  size,  and  the  spheno-palatine  foramen 
completely  covered  in. 

In  tht'  mtfhih  mtatun  the  opening  of  the  infundibulum  is  partially  hidden  bv 
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a  projecting  fold  of  ibucous  inembnme,  and  the  orifice  of  the  antnim  is  contracted 
to  a  sinall  circular  aperture,  much  narrower  tJiaii  in  the  ^kcleton^ 

7;^  iftt'  /itft'n'ftr  wrtifUH  the  tu'ifice  of  the  nasal  iliict  is  partifUly  hidden  by  either 
a  single  or  double  valvular  mucous  fohl,  and  the  nnterior  palatine  canal  either 
completely  closed  in  or  a  tubular  ful'de-sae  of  mucous  membrane  is  continued  a 
short  distance  into  it.  This  eul-de-mc  is  termed  the  organ  of  Jaeobnoiu  and  is 
present  in  all  mammals  as  well  as  man.  In  the  former  it  consists  of  a  bilateral 
tube,  situated  io  the  nasal  septum  and  supported  by  hyaline  cartilage,  the  cartilage 
of  Jacobsim. 

In  the  roof  the  opening  leading  to  the  sphenoidal  sinus  is  narrowed,  and  the 
apertures  in  the  cribriform  plate  of  the  ethmoid  completely  closed  in- 

Strurtifre  of  the  Mamus  3Iem  bra  tie,— The  ej)it  helium  covering  the  mncous 

membrane  differs  in   its  character  according  to  the  functions  of  the  part  of  the 

_liose   in  which  it  is   found.     Near  the  orifice  of  the  nostrib  the  vcstibuie^  where 

common  sensation  is  chiefly  or  alone   re(iuired,  the  ejuthelium   is  of  the  ordinary 

pavement  or  scaly  variety.     In  the  rest  of  the  cavity,  below  the  distribution  of  the 
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Fio.  525.— Hoiizootal  aectlon,  high  up,  of  the  dabuI  fossae^  viewed  from  mIkitl'.    (Cryer.) 


olfactory  nerves — L  e.  in  the  respiratory  portion  of  the  nasal  cavity — the  epithelium 
is  columnar  and  ciliated.  This  is  the  ease  also  in  the  meatuses  of  the  nose*  In 
this  region,  beneath  the  epithelium  and  its  basement  membrane,  is  a  fibrous  layer 
infiltrated  with  lymph-corpuscles,  so  as  to  form  in  many  parts  a  diffuse  adenoid 
tissue,  and  beneath  this  a  nearly  continuous  layer  of  smaller  and  larger  glands, 
some  mucous  and  some  serous,  the  ducts  of  which  open  up(ui  the  surface.  In  the 
olfactory  region— /,r*  the  region  in  which  the  terminal  filaments  from  tlie  olfactory 
nerves  are  distributed  (see  page  d^^d) — the  c])ithclial  cells  are  columnar  and.  for  the 
most  part,  non-ciliated  i  their  free  surface  prcsetits  a  sharp  outline,  and  their  deep 
extremity  is  prolonged  into  a  process  which  runs  inward,  branching  to  commu- 
nicate with  similar  processes  from  neighboring  cells,  so  as  to  form  a  network  in 
the  deep  part  of  the  mucous  membrane.  Lying  between  them  are  cells  (termed  by 
Max  Scliultze*  olfarttirif  t'4'ih),  wbieh  consist  of  a  nucleated  body  and  two  processes, 
of  which  one  runs  outward  between  the  cnbimnur  epithelial  cells  and  projects  on 
the  surface  of  the  mucous  membrane;  the  other  (the  deep)  process  runs  inward, 
is  freipiently  beaded  like  a  nerve-fibre,  and  is  believed  by  most  observers  to  be  in 
connection  with  one  of  the  terminal  filaments  of  the  olfactory  nerve*     Amongst 
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tbe  branched  ends  of  the  columnar  cells  there  is  a  deep  layer  of  epithelial  ci 

a  conical  shape,  their  bmud  end  resting  on  the  basement  membrane,  :ind 
tapering  extremity  prrtjee tin jlj:  between  the  other  celly.     Beneath  the  epithelium^ 
extending  through  the  thickness  of  the  mucous  membrane,  is  a  layer  of  glands,  the 
fflandif  of  Boumian,  identical  in  structure  ^ith  serous  glands. 

The  mucous  membrane  is  pigmented  in  the  olfactory,  but  not  in  the  other 
regions,  being  of  a  light  yellow  color,  at  least  in  the  white  races.* 

The  arterites  of  the  tnual  foma^  are  tbe  anterior  and  posterior  ethmoidal,  from 
the  ophthalmic,  which  supply  the  ethmoidal  cells,  frontal  sinuses,  and  roof  of  the 
nnye;  a  minute  twig  from  the  small  meningeal;  the  spheno-jialatine,  from  the 
internal  maxillary,  which  supplies  the  mucous  membrane  covering  tbe  spongy 
bones,  the  meatuses,  and  septum :  the  inferior  artery  of  the  septum  from 
the  superior  coronary  of  the  facial ;  and  the  alveolar  branch  of  the  internal 
maxillary,  which  supplies  the  lining  membrane  of  the  antrum.  The  ramifica- 
tions of  these  vessels  form  a  close, 
plexiform  network  beneath  and  in 
the  substance  of  the  mucous  mem- 
brane. 

The  veinn  of  the  nasal  foua*  form  a 
close  network  beneath  the  mucous 
membrane.  They  pass,  some  with 
the  veins  accompanying  the  spben«> 
palatine  artery,  through  tbe  spheno- 
palatine foramen,  and  others  through 
the  alveolar  branch,  to  join  the  facial 
vein;  s  o  m  e  ac  co  m  pan  y  the  e  t  h  m  oi  d  a  1 
arteries  and  terminate  in  the  ophthal- 
mic vein  ;  and,  lastly,  a  few  communi- 
cate with  the  veins  in  the  interior  of 
the  skull  through  the  foramina  in  tbe 
cribriform  plate  of  the  ethmoid  bone 
and  the  foramen  caecum. 

The  tierven  are^ — tbe  olfactory,   the 
nasal  branch  of  tbe  ophthalmic,  filaments  from  the  anterior  dental  branch  of  the 
superiur  maxillary,  the  Vidian,  naso- palatine,  descending  anterior  palatine,  and 
nasal  branches  of  Meckel's  ganglion. 

The  oifavlorf/,  the  special  nerve  of  the  sense  of  smelly  is  distributed  over  the 
upper  third  of  the  septum  and  over  the  surface  of  the  superior  and  middle  spongy 
bones. 

The  nam!  hniiwh  of  th^  ophfhahnk  distributes  filaments  to  the  fore  part  of  the 
septum  and  outer  wall  of  tbe  nasal  fosste. 

Filaments  from  the  anterior  dental  hranrh  of  the  superior  maxillary  supply  the 
inferior  meatus  and  inferior  turbinated  bone. 

The  Vi*littn  nerpe  supplies  the  upper  and  back  part  of  the  septum  and  superior 
spongv  bc*ne,  and  the  upper  tinferior  Twsal  branehett  from  the  spheno-patatine 
ganglion  have  a  similar  distribution. 

The  naso-paltttlne  nerve  supplies  the  middle  of  tbe  septum. 

The  larger  or  anterior  palatine  nerve  supplies  the  middle  and  lower  spongy 
bones. 

Surgical  Anatomy,— I nstunces  of  congenital  deformity  of  the  nose  are  occasionally  met 
with,  such  HA  cimijilete  libwenee  of  the  nose,  an  siperlure  only  Ixjiiis?  present,  or  (perfect  develop- 
ment on  one  side,  and  suppression  or  niuiriinnation  nn  the  ottier;  t>r  there  may  Ije  impertect 
apposition  uf  the  tiusal  bones,  so  that,  the  nu^se  jiresents  a  median  cleft  or  furrow.  Deformities 
wfiieh  have  heen  acquired  are  much  more  eommon,  such  as  flattening  of  tlie  noser  the  result  of 

'  An  interesiing  speculation  lia-i  bwn  stiir)re*ite<l  by  Dr.  W.  Ogle,  i  Me/L  Chir.  Trans,,  vo\.  liii,  p. 
277)  a.s  to  the  poitaible  connection  l^tween  the  presence  and  uhundanee  of  this  pigmenl  and  the  per- 
fection n(  the  sense  of  smelL 
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syphilitic  necrosis,  or  inipcrfec^t  clevdopiuenl  of  the  nasal  bones  in  crises  of  congenital  syphilis*  nr 
a  lat^3ral  deviation  of  the  nose  rnay  result  fn>ui  fnicturt*. 

The  skin  oyer  the  ala^  aTid  dp  of  the  nose  is  thick  and  closely  adiiprent  to  snhjactnt  partf*. 
Inflatntjuilion  of  thL^  part  in  thereh^re  very  paiiiftil,  on  aceoiiiit  of  tJie  tcnt^ion.  It  is  largely  sup- 
plied witJi  bloody  ami,  the  eircularion  here  hcintr  ti-rininah  vawularenirorirenient  is  liahle  to  t>eeur, 
especiidly  in  women  at  the  menopause  and  in  l»oth  sexes  \\i\m  disorders  of  tli^'estioii,  exposure  to 
eold,  etc.  The  skin  of  the  nose  also  contains  a  large  nam  her  of  sebaceoiiiS  follicles,  and  theiie,  as 
the  result  of  intemperance,  are  apt  t-o  bc^come  affe(*ted  ami  the  nose  reddened,  eonffe^ted,  and 
»rre,ijul;irly  sw<iilen.  To  this  the  term  ''  groir-hlostiom  *'  is  popularly  applied.  In  »ome f jf  the^ie  eaw?g 
there  isenormouH  hypertri>]divc>f  the  skin  anii  sulx^ntaneous  tinsucs,  prrnliicinc  pendulous  ma^s^jj, 
termed  liponiata  nasi.  Epithelioma  and  roderrt  ulcer  may  attack  the  nose,  tiie  liitter  being  the 
more  common  of  the  two.  Lupus  and  sy|>hilitie  ulceration  frequently  attack  the  nose,  and  may 
destroy  the  whole  of  the  cartilaginous  portion.  In  faet^  lupus  vulgaris  begins  more  frequently  on 
the  aia  of  tlio  nose  than  in  any  other  situation. 

Oases  of  conirenital  oeehision  of  one  or  both  nnstnls,  or  adhesion  between  the  alaand  septum 
may  mx-un  and  may  rerfuire  immediate  t>pcmtion.  since  the  obslruetion  much  interfere*®  with  suck- 
\n%,     Borjy  closure  of  the  pijsterior  narcs  may  also  oecur. 

To  examine  the  nasal  cavities,  the  head  shoidd  lie  thmwn  back  and  the  nose  druwn  upward, 
the  parts  lieing  dilated  by  some  form  of  specukim.  It  can  also  be  examined  with  tlie  little  finger 
or  a  prijlx\  and  in  this  way  foreign  iKniics  detected.  A  still  more  extensive  examination  C4in  be 
made  by  Route's  operation,  which  wrts  introduced  for  the  cure  of  oziena  by  the  removal  of  any 
dead  bone  which  may  he  present  in  this  disease.  The  whole  framework  of  the  nose  is  lifle«l  up 
by  an  incision  made  inside  the  mouth,  through  the  junction  of  the  iipjKT  lip  with  the  bone;  the 
septum  nasi  and  the  lateral  eartilages  arc  divided  with  strong  seissois  till  the  anterior  nares  are 
eompletely  exposerJ.  The  posterior  narei?  can  be  explored  by  reflected  light  from  the  mouth,  by 
which  the  posterior  nares  ean  be  illuminated,  Tne  examination  is  ver>^  difficult  to  carr>' out, 
and^  as  a  rule,  suffieient  information  regarding  the  presence  of  foreign  Iwidies  or  tumors  in  the 
niLso-pharynx  ean  lie  ohtained  hy  the  introduction  of  the  finpcr  behind  the  soft  palate  through 
the  mouth.  The  septum  of  the  nose  may  be  displaced  or  deviate  from  the  middle  line :  thJi* 
may  be  the  resnlt  of  an  injury  or  from  some  con  genital  defect  in  its  development.  Sometimes 
the  deviation  may  be  so  great  that  the  septum  may  come  in  contact  with  the  outer  wall  of  the 
nasal  fossjij,  and  may  even  bei¥>me  adherent  to  it,  tlius  producing  complete  obstnietion.  Per- 
tbraiion  of  the  .se]itnm  is  not  an  im<!ommon  affection,  and  may  arise  from  sevenil  causes:  syph- 
ilitic or  tulwrciilar  nleenition,  blood -tumor  or  abscess  of  the  septum,  and  especially  in  workmen 
exposed  to  the  vapor  of  bichromate  of  potash,  from  the  irritating  und  corrosive  action  of  the 
funics.  When  small,  the  perlbnttirvn  may  cuiise  a  neculiar  whistling  sound  during  respiration. 
When  large,  it  may  lead  to  the  fallintt  in  of  the  briugc  of  the  nose. 

Epist^ixis  is  a  very  common  affection  in  children.  It  is  rarely  of  much  conse^iuence,  and 
will  almost  always  subside,  but  in  the  more  violent  ba^nwrrhages  t>f  later  lile  it  may  be 
necessars'  to  tilug  the  posterior  nares.  In  performing  tins  oncrjition  it  is  desirable  to  rememl>cr 
the  size  of  the  t>o3terior  nares.  A  ready  method  of  regulating  the  size  of  the  plug  to  tit 
the  opening  is  to  make  it  of  the  same  size  as  the  terminal  phalanx  of  the  thumb  of  the  patient 
to  be  opcnited  on. 

Nastd  |Kjly pus  is  a  very  common  disease,  and  presents  itself  in  three  forms :  the  gelatinous, 
the  tibroiLs,  anu  the  nialignanl.  The  first  is  by  far  the  most  common.  It  crows  from  the 
mucous  membrane  td' t!;e  outer  widl  of  the  nasal  fossa,  where  there  is  an  abundant  Inyer  of 
highly  vascular  submueeus  tissue;  rarely  from  the  f^cptum.  where  the  mucous  membrane  is 
closely  a<  I  he  rent  to  the  eartiltige  and  bone,  without  the  intervention  of  much,  if  any,  submucous 
tissue.  Their  uiost  comtnou  seat  is  probaldy  the  middle  turbinated  lx>ne.  The  fibrt*us  polypus 
generally  grows  from  the  base  of  the  skull  behind  the  i.K)sterior  nares  or  from  the  roof  of  the  nmsl 
fossiLv.  The  malignatit  polypi,  both  sarcomatous  or  carcintjmatous,  may  arise  in  the  na^  canties 
and  the  niiso- pharynx ;  or  tbey  may  originate  in  the  antrum,  and  protrude  through  its  inner  wall 
into  the  niistd  fossa, 

llhinoliths,  or  nose-stones,  may  sometimes  be  found  in  the  nasal  cavitiei^t  from  the  formation 
of  phosphate  of  lime  upon  either  a  tbreign  body  or  a  piece  of  inspissated  secretion. 


TKB  EYE. 

The  eyeball  is  contained  in  the  cavity  of  the  orbit.  In  this  situation  it  ij? 
aecttrely  protected  from  injury,  whilst  its  po,sition  is  Buch  as  to  ensure  the  most 
extensive  range  of  sight.  It  is  acted  upon  by  numerous  mtiscle?,  by  which  it  is 
capable  of  being  directed  to  any  part;  it  is  supplied  by  vessels  and  nerves,  and  is 
additionally  protected  in  fiwnt  by  several  appendages,  such  as  the  eyebrow,  eye- 
litis,  etc. 

The  eyeball  is  imbedded  in  the  fat  of  the  orbit,  but  is  surrounded  hy  a  thin 
membranous  sac.  the  cnprnde  of  Tenon,  which  isolates  it,  so  as  to  allow  of  free 
movement. 

The  capsule  of  TeEon  (funif^a  vaginalis  oeidi)  may  be  iTgarded  as  a  distinct 


serous  membrane,  cansisting  of  a  parietal  and  visceral  layer.  The  latter  invests 
tbe  posterior  part  of  the  globe  from  tbe  ciliary  margin  of  the  cornea  backward  to 
the  entrance  of  die  optic  nerve,  ami  is  connected  to  it  by  very  delicate  connective 
tissue :  the  former  (iijirietal)  lines  the  holbiw  in  the  fat  in  which  the  eyeball  is 
imbedded*  Both  layers  are  lined  on  their  free  surfaces  by  endothelial  cells.  The 
cavity  between  them  is  continuous  with  the  spaces  between  the  diflerent  layers  of 
th  e  sh  eat  b  of  th  e  o  p  t  i  c  nerve — that  is  to  s  a  v.  w'  i  t  h  ihe  »nb  ararlt  n  o  kh  •  a  nhe  t  w  e  en  the 
pia-matral  and  the  arachnoid  sheath,  and  the  suhdura!  between  the  arachnoid  and 
dural  sheath — and  int<i  it  empty  the  lymphatic  vessels  of  the  sclerotic.  The  cafisitle 
is  pierced  by  the  muscles  of  the  eyeball  near  their  insertion,  and  sends  tubular 
prolongations  on  tbem,  which  become  continuous  with  tbe  sheath  of  the  muscles. 
From  the  outer  surface  of  these  sheatbs  expansions,  consisting  of  elastic  fibres  and 
muscle-cells,  are  given  off  to  the  margin  of  tbe  orbit,  which  serve  to  limit  the 
degree  of  contraction  of  the  muscles.' 

The  eyeball  is  composed  of  segments  of  two  spheres  of  different  sizes.  The 
anterior  segment  is  one  of  a  small  sphere,  and  forms  about  one-sixth  of  the  eyeball- 
It  is  more  prominent  than  the  posterior  segment,  which  is  one  of  a  much  larger 
sphere,  and  forms  about  five-sixths  of  the  globe.  The  segment  of  the  larger  sphere 
is  opai|ue,  and  formed  by  the  sclerotic,  the  tunic  of  protection  to  the  eyeball ;  the 
smaller  sphere  is  transfiarenl,  and  formed  by  the  cornea.  The  axes  of  the  eyeballs 
are  nearly  parallel,  and  do  not  correspond  to  the  axes  of  the  orbits,  which  are 
directed  outward.  The  optic  nerves  follow  the  direction  of  tbe  axes  of  the  orbits, 
and  are  therefore  not  parallel ;  they  enter  the  eyeball  a  little  to  their  inner  or  nasal 
side.  The  eyeball  measures  rather  more  in  its  tmns verse  than  in  its  antero- 
posterior and  vertical  diameters,  the  former  amounting  to  about  an  inch,  the  latter 
to  about  nine- tenths  of  an  inch. 

The  eyeball  is  composed  of  several  investing  tunics,  and  of  fluid  and  solid 
refracting  media,  called  hufnors. 

The  tunics  are  three  in  number: 

1.  Sclerotic  and  Cornea. 

2.  Choroid,  Iris,  and  Ciliary  Processes. 

3.  Retina. 

The  refracting  media,  or  humors,  are  also  three : 

Aqueous.  Crystalline  (lens)  and  Capsule.  Vitreous. 

The  sclerotic  and  cornea  form  the  external  tunic  of  the  eyeball ;  they  are 
essentially  fibrous  in  structure,  the  sclerotic  being  opaque,  and  forming  the 
posterior  five-sixths  of  the  globe  ;  the  cornea,  which  forms  the  remaining  sixth, 
being  transparent. 

The  Sclerotic  (trxkr^fto^^  bard)  (Fig.  527)  has  received  its  name  from  its  extreme 
density  and  hardness  ;  it  is  a  firm,  unyielding,  fibrous  membrane,  serving  to  main- 
tain the  form  of  the  globe.  It  is  much  thicker  behind  than  in  front.  Its  external 
surface  is  of  a  white  color,  quite  smootbi  except  at  the  points  where  tbe  Recti  and 
Obliqui  muscles  are  inserted  into  it,  and  covered,  for  part  of  its  extent,  by  the 
conjunctival  membrane;  hence  the  whiteness  and  brilliancy  of  the  front  of  the 
eyeball.  Its  inner  mir/aee  is  stained  of  a  brown  color,  marke*!  by  grooves*  in 
which  are  lodged  the  ciliary  nerves,  and  connected  by  an  exceedingly  fine  cellular 
tissue  {lamina  fusea)  with  the  outer  surface  of  the  choroid.  Behind,  it  is  pierced 
by  the  optic  nerve  a  little  to  its  inner  or  nasal  side,  and  is  continuous  with  the 
fibrous  sheath  of  the  nerve,  which  is  derived  from  the  dura  mater.  At  the  point 
where  the  optic  nerve  passes  through  the  sclerotic  this  membrane  forms  a  thin 
cribriform  lamina  (the  ?i//7i//i<i  erihrom) ;  the  minute  orifices  in  this  layer  serve 
for  the  transmission  of  the  nervous  filaments,  and  the  fibrous  septa  dividing  them 
from  one  another  are  continuous  with  the  membranous  processes  which  separate 
the  bundles  of  nerve-fibres.     One  of  these  openings,  larger  than  the  rest,  occupies 

*  See  11  poper  by  Mr  C.  B.  Ixickwood  {Journal  of  Anatomy  and  Physiology ^  voK  xx.,  part  i.  p,  I). 
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the  centre  of  the  lamella;  it  is  called  the  porus  opticus^  and  transmit^s  the  arteria 
centralis  retinj^  Uv  the  interior  of  the  eyeball.  Aroimd  the  cribriform  lainella  are 
numerous  small  apertore.s  for  the  transmission  of  the  ciliary  vessels  and  nerves. 
In  frtrnt  the  selerotie  is  continuous  with  the  cornea  by  direct  continuity  of  tissue, 
but  the  opai|ue  sclerotic  overlaps  the  cornea  rather  more  on  its  outer  than  on  its 
tinner  surface. 

Struetun', — The  sclerotic  is  formed  of  white  fibrous  tissue  intermixed  with  fine 
elastic  fibres,  anrl  of  Hat  ten  ed  connective-tissue  corpuscles,  some  of  which  are 
pigmented,  contained  in  cell-spaces  between  the  fibres.  Tbese  fibres  are  aggre- 
gated into  bundles  which  are  arranged  chiefly  in  a  longitudinal  direction.  It  yields 
gelatin  on  boiling.  Its  vessels  are  not  numerous,  the  capillaries  being  of  small 
size,  uniting  at  long  and  wide  intervals.     The  existence  of  nerves  in  it  is  doubtful. 


Aiiierior  chamber. 
Oryatalline  lent. 


'CTtmoi  of  SeMemm. 

Ciliary 


flanaf  of 
"    Petit 


Cavifif  occttpted 
b^  mireous  humor > 


'  MUSCLE. 


Efiina.^ 


Chormd  coat 


/ 


/ 


Cana!  far 
TPntral  artery. 


Sdtrotic  €uat.  I 

NervtMheaih ^    ^-^ — Jptic  nerve, 

FlO.  527.— A  horleonUil  8ecliou  of  tlm  tyebaU.    ( AUea.) 


The  Oomea  is  the  projecting  transparent  [>art  of  the  external  tunic  of  the 
eyehalh  and  forms  the  anterior  sixth  of  the  globe*  It  is  almost  circular  in  shape^ 
occasionally  a  little  broader  in  the  transverse  than  in  the  vertical  direction.  It 
is  convex  anteriorly,  and  projects  forward  from  the  sclerotic  in  the  same  manner 
ibat  a  watch-glass  does  from  its  case.  Its  degree  of  curvature  varies  in  difTerent 
individuals,  and  in  the  same  individual  at  different  peritnis  <>f  life,  it  being  more 
prominent  in  youth  than  in  advanced  life,  when  it  becomes  flattened.  The 
cornea  is  dense  and  of  uniform  thickness  throughout ;  its  posterior  surface  is 
perfectly  circular  in  outline,  and  exceeds  ihe  anterior  surface  slightly  in  extent, 
from  the  latter  being  overlapped  by   the  sclerotic. 

Stnictiirf\ — Tlie  cornea  consists  of  four  layers— namely,  (1)  several  strata 
of  epithelial  cells,  continuous  with  those  uf  the  conjunctiva ;  (2)  a  thick  central 
fibrous  structure,  the  cornea  proper;  (3)  a  homogeneous  elastic  lamina ;  and  (4) 
a  single  layer  of  epithelial  cells,  forming  part  of  the  lining  membrane  of  the 
anterior  chamber  of  the  eyeball.  Tlif  name  of  memf*rnitr  of  Pesertitrt  or  Deniours 
is  given  to  this  posterior  elastic  lamina  and  its  endothelial  coating. 


The  cofijmictival  epithelhwh  which  covers  the  front  of  the  cornea  proper, 
consists  of  several  strata  of  epithcliiil  cells.  The  lowermost  cells  are  columnar  t 
then  follow  two  or  three  layers  of  jiolvhedral  ce\h,  s^ome  (»f  which  present  ridges 
imd  iurrow»  similar  to  those  found  in  tlje  cuticle.  Lastly,  I  here  are  three  or  four 
layers  of  scaly  eiiitheliimi  with  tiattened  nuclei. 

The  proper  »ubitanc€  of  the  cornea  ie  fibrous,  tough,  unyielding,  perfectly 
transparent,  and  continuous  with  the  sclerotic,  with  which  it  is  identical  in 
structure.  It  is  composed  of  about  sixty  tiattened  lamelhe,  superimposed  one  on 
another.  These  lamdhi?  are  made  up  of  bundles  of  fibrous  connective  tissue,  the 
fibres  of  which  are  directly  continuous  with  the  fibres  of  the  sclerotic.  The  fibres 
of  each  lamella  are  for  the  most  part  parallel  with  each  other;  those  of  alternate 
ing  lamcihe  at  right  angles  to  each  other.  Fibres,  however,  frequently  pass  from 
one  lamella  to  the  next. 

The  lamellse  are  connected  with  each  other  by  an  interstitial  cement-substance, 
in  which  are  s])aces,  the  ror/^fvi/  spaces.  The  spaces  are  stellate  in  shape,  and 
have  numerous  offsets  by  which  they  communicate  with  other  spaces.  Each  s[mce 
contains  a  cell,  the  eontca!  rorpusrle,  which  resembles  in  form  the  space  in  which 
it  is  contained,  but  does  not  entirely  fill  it. 

Immediately  beneath  the  conjunctival  epithelium  the  cornea  proper  presents 
certain  characteristic  differences,  which  have  led  some  anatomists  to  regard  it  as  a 
distinct  membrane,  and  it  has  been  named  by  Bowman  the  nntrrior  elaHfir  lamina. 
It  differs,  however,  from  the  true  elastic  lamina  or  membrane  of  Descemet  in 
many  essential  particulars,  presenting  evidence  of  fibrillar  structure,  and  not 
having  the  same  tendency  to  curl  inward  or  to  undergo  fracture  when  detached 
from  the  other  layers  of  the  cornea.  It  consists  of  extremely  closely  interwoven 
fibrils,  similar  to  those  found  in  the  rest  of  the  cornea  proper,  but  contains  no 
corneal  corptiscles.  It  seems,  therefore,  more  proper  to  regard  it  as  a  part  of  the 
proper  tissue  of  the  cornea.* 

The  poster ifir  chiBtie  lamina^  which  covei*s  the  proper  structure  of  the  cornea 
behind,  presents  no  structure  recognizable  under  the  microscope.  It  consists  of  a 
hard,  elastic,  and  perfectly  tmnsparent  hc*tiiogeneous  membrane,  of  extreme  thin- 
ness, which  is  not  rendered  opaque  by  either  water,  alcohol,  or  acids.  It  is  very 
brittle,  but  its  most  remarkable  property  is  its  extreme  elasticity,  and  the  tend- 
ency which  it  presents  to  curl  up  or  roll  ui>on  itself,  with  the  attached  siirlace 
innermost,  when  separate  from  the  proper  substance  of  the  cornea.  Its  use 
appears  to  be  (as  suggested  by  Dr.  Jacob)  "'  to  preserve  th^  requisite  permanent 
correct  curvature  of  the  flaccid  cornea   proper.*' 

At  the  margin  of  the  cornea  this  posterior  elastic  membrane  breaks  up  into 
fibres  to  form  a  reticular  structure  at  the  outer  single  of  the  anterior  ehamber, 
the  itjtervals  between  the  fibres  forming  small  cavernous  spaces,  the  spaces  of 
Fontana.  These  little  recesses  communicate  with  a  somewhat  larger  space  in  the 
substance  of  the  sclerotic  close  to  its  junction  with  the  cornea.  This  is  the  canal 
of  Seklemfn.,  or  mnis  emmlan^  tridk^  and,  according  to  some  authors,  is  a  lymph- 
canal,  but  according  to  others  is  a  venous  sinijs,  8ome  of  the  fibres  of  this 
reticulated  structure  are  continued  into  the  front  of  the  iris,  forming  the  liga- 
mentum  pectinatum  iridis,  while  others  are  connected  with  the  fore  part  of  the 
sclerotic  and  choroid. 

The  endotbdiid  llmng  of  the  aqueous  chamber  covers  the  posterior  surface  of 
the  posterior  elastic  lamina.  It  consists  of  a  single  layer  of  polygonal  flattened 
transparent  nucleated  cells,  similar  to  those  found  lining  other  serous  cavities. 

Arteries  and  Nerven. — The  eornea  is  a  non-vascular  structure,  the  capillary 
vessels  terminating  in  loops  at  its  circumference.  Lympliatic  vessels  have  not  as 
yet  been  demonstrated  in  it,  but  are  represented  by  tiie  channels  in  which  the 
bundles  of  nerves  run  ;  these  are  lined  by  an  endothelium  and  are  continuous 
with  the  cell-spaces.     The    nerves    are    numerous,  twenty-four    to   thirty-six  in 

*  This  layer  hjvs  Im^h  calle*3  by  Reichert  the  '*  anterior  limiting  lnyer"— a  natue  which  npfjeata 
more  applictibk'  to  It  tliaii  that  of  '^  anterior  elastic*  lamina.'' 
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number  (Knlliker),  forty  to  forty-five  (Waldeyer  and  Siimisch) ;  they  are  derived 
from  the  ciliary  nerves  and  enter  the  laminated  tissue  of  the  cornea.  They 
ramify  throughout  its  substance  in  a  delicate  network,  and  their  terminal  fila- 
ments form  a  firm  and  eloser  plexus  on  the  surface  of  the  cornea  proper  beneath 
the  epithelium.  This  is  termed  the  iiiilH'pitJielial  plexus^  and  from  it  fibrils  are 
given  off  which  ramify  between  the  epithelial  cells,  forming  a  network  which  is 
teriiied   the  intra-epitht'lial  plejriis. 

Dissection. ^In  order  to  separ.ite  the  selerotic  and  cornea,  so  as  to  expose  tbe  second  tunic, 
the  eyebiili  skodd  be  iniiuersca  in  a  Bmall  vessel  nf  wattir  ami  held  between  die  finger  and 
thumlK  The  sclerotic  is  then  eare fully  incised,  in  tbo  equator  of  tbe  globe,  till  tbe  cboroid  is 
expO!*ed.  One  blade  of  a  pair  of  pnjbe*pointed  scissors  is  now  introduced  tbrongh  the  opening 
thus  made,  and  the  sclerotic  divided  around  its  eirtirc  cireumfercnee^  and  removed  in  separate 
jjortions.  Tbe  front  segment  bein^  tben  drawn  forward*  tlie  handle  of  ihe  sealpel  sboitdd  be 
pressed  ji^ently  ajjainst  it  at  its  connection  with  the  iris,  and,  these  beinjir  separated,  a  «|Uantity 
of  perfectly  transparent  fi aid  w^ill  eseiipe;  this  is  the  a/pieous  bunior  In  the  course  of  the 
diasection  tbe  ciliary  nerves  raay  fjc  seen  lying  in  tbe  loose  cellular  ttssue  l}etween  the  choroid 
and  sclerotic  or  contained  in  delicate  grooves  on  tbe  inner  Hurikcc  of  the  latter  membrane. 

Seeoful  Tunk\ — This  is  formed  by  tbe  choroid  beliind,  tbe  iris  and  ciliary 
processes  in  front,  antl  by  the  Ciliary  muscle,  opposite  the  junction  of  the  scle- 
rotic and  cornea. 
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Fw.  &2&— The  cliorold  and  Iris.    (Eatarijed.) 

The  choroid  is  the  vascular  and  pigmentary  tunic  of  the  eyeball  inveating  the 
posterior  five-sixths  of  tbe  globe,  and  extending  as  far  forward  as  tbe  cornea, 
tbe  ciliary  processes  being  appendages  of  the  cboroid  dcvelf»ped  from  its  inner 
surface  in  front.  The  iris  is  the  circular  mtiscular  septum  which  bangs  vertical- 
ly behind  the  cornea,  presenting  in  its  centre  a  large  circular  aperture,  tbe  pupiL 
The  Ciliary  muscle  forms  the  w-hite  ring  observed  at  the  point  where  the  cboroid 
and  iris  join  with  each  other  and  with  the  sclerotic  and  cornea. 

The  Choroid  is  a  thin,  highly  vascular  membrane,  tif  a  dark  brown  or  chocolate 
color,  which  invests  tbe  posterior  five-sixths  of  the  central  part  of  the  globe.  It  is 
pierced  behind  by  the  optic  nerve,  and  extends  in  front  as  far  forward  as  the 
ciliary  ligament,  where  it  is  connected  with  tbe  iris,  and  bends  inward,  forming 
on  its  inner  surface  a  sei'ies  of  folds  or  plaitings,  the  elliftrt/ processea^     It  is  thicker 
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behind  than  in  fmnt.  Externally  it  is  connected  by  a  fine  rellnlar  web  {membrana 
fmt^a)  witb  tbe  iuDer  .surface  nf  the  sderotic.  Its  inner  surface  is  smooth  and 
lies  in  contact  with  the  retina. 

Structure » — The  choroid  consists  mainly  of  a  dense  capillary  plexus  and  of 
small  arteries  and  veins,  carrying  the  blood  to  and  returning  it  from  this  plexus. 
On  its  external  surface — /.  t\  tbe  surface  next  tbe  sclerotic — is  a  thin  membrane 
of  fine  elastic  fibres  arranged  in  himelbne,  which  are  covered  with  endothelium  and 
fr>rm  spaces,  wbicb  communicate  by  perforations  in  the  sclerotic,  through  which 
the  vessels  and  nerves  enter,  with  the  capsule  of  Tenon*  This  layer  is  named  the 
lamma  auprachnnfifpfi.  and  is  continuous  with  the  lamina  fusca  of  tbe  sclerotic. 

Internal  to  this  is  the  choroid  proper,  mid,  in  consequence  of  tbe  small  arteries 
and  veins  being  arranged  on  the  outer  surface  of  tbe  capillary  network,  it  is  cus- 
tomary to  describe  this  jis  consisting  of  two  layers,  the  outermost  composed  of 
small  arteries  and  veins,  with  pigment-cells  interspersed  between  tbem,  and  the 


FlO.  529— Tht?  vein*  of  the  choroid,    (EDlarged.) 

inner  consisting  of  a  capillary  plexus.  Tbe  cxtenial  hiif*'r  consists,  in  part,  of 
the  larger  branches  f*f  tbe  short  ciliary  arteries,  which  run  forward  between  the 
veina  before  tbey  bend  inward  to  terminate  in  the  capillaries ;  but  is  formed 
principally  of  veins,  which  are  named,  from  their  arrangement,  renm  vorti€o»a\ 
They  converge  to  four  or  five  e<|uid!stant  trunks,  whicli  pierce  the  sclerotic  mid- 
way between  tbe  margin  of  tbe  cornea  and  the  entrance  of  tbe  optic  nerve,  Inter- 
sjiersed  between  the  vessels  are  lodged  dark  star-shaped  pigraent-cells,  the  fibrous 
offsets  from  which,  communicating  witb  similar  branchings  from  neighboring  cells, 
form  a  delicate  network  or  stroma,  which  toward  the  inner  surface  of  the  choroid 
loses  its  pigmentary  character.  The  interna!  Im/er  consists  of  an  exceedingly  fine 
capillary  plexus,  formed  by  the  short  ciliary  vessels,  and  is  known  as  the  tujiwa 
Uiufschiana,  The  network  is  close,  and  finer  at  the  hinder  part  of  the  eboroid 
than  in  front.  About  half  an  inch  behind  the  cornea  its  meshes  become  larger, 
and  are  continuous  witb  those  of  tlie  ciliary  processes*  On  the  inner  surface  of 
this  tunic  is  a  very  thin,  structureless — or,  according  to  KoUiker^  faintly  fibrous — 
membrane,  called  the  lamina  vitrea  ;  it  is  closely  connected  witb  the  stroma  of  the 
choroid,  and  separates  it  from  the  pigmentary  layer  of  the  retina. 

The  r]\'mTy  processes  should  now  be  examined.  They  may  he  exposed,  either  by  detaching: 
the  irk  frnm  it»  connection  with  the  Oliary*  muscle,  ur  hy  milking*  a  transverse  section  of  the 
globe  luid  examining  them  from  behind, 

Tbe  eilmri/  procrsse»  are  formed  by  the  plaiting  and  folding  inward  of  the 
various  layers  of  tbe  choroid  (e*.  e.  the  choroid  pr*»]*er  and  the  lamina  vitrea)  at  its 
anterior  margin,  and  are  received  between  corresponding  foldings  of  the  suspensory 
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ligament  of  the  leus,  thus  estiiblisLing  a  connection  between  the  choroid  and  inner 
tunic  of  the  eye.  They  are  armnged  in  a  circle,  and  form  a  gjort  of  plaitet]  frill 
behind  the  iris  round  the  margin  of  the  lens.  They  vary  between  sixty  and 
eighty  in  number,  lie  side  by  alae,  an«i  Ttiay  be  divided  into  large  and  small :  the 
latter,  consisting  of  about  one-third  of  the  entire  number,  are  situated  in  the 
spaces  between  tbe  former,  but  without  regtilar  alternation*  The  larger  processes 
are  each  about  one-tenth  of  an  inch  in  length,  and  are  attached  by  their  periphery 
to  the  Ciliary  muscle,  and  are  continuous  with  the  layers  of  the  choroid:  the 
opposite  margin  is  free,  and  rests  upon  the  circumference  of  the  lens.  Their 
anterior  surface  is  turned  toward  the  btjck  of  the  iris,  with  the  circumference  of 
which  they  are  contiutioiis.  The  posterior  surface  is  closely  connected  with  the 
suspemsory  ligament  of  the  lens. 

Structure. — The  ciliary  processes  are  similar  in  structure  to  tbe  choroid,  but 
the  vessels  are  larger,  and  have  chiefly  a  longitudinal  direction.     They  are  covered 
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Fio.  630.— The  arterica  of  the  choroid  nnd  iris.    The  selerollr  ha*  been  mostly  removed.    (Etilarged.) 


on  their  inner  surface  with  a  layer  of  black  ]>igment-cells  continuous  with  the  cells 
of  t  h  e  pi  g  m  e  n  t  a  r y  1  ay  e  r  o  f  1 1 1  e  retina,  and  in  t  h  e  i  r  s  t  ro  m  a  a  re  al  so  o  t  h  er ,  Stella  te, 
pigment-cells,  which,  however,  are  not  so  numerous  as  in  the  choroid  itself,  and 
toward  the  free  extremities  of  the  tblds  are  devoid  of  pigment. 

The  Iris  (iri»,  a  rainbow)  has  received  its  natue  from  its  various  colors  in  dif- 
ferent individuals-  It  is  a  thin,  circular-shaped,  contractile  curtain,  suspended 
in  the  aqueous  humor  behind  the  cornea  and  in  front  of  the  lens,  being  perforated 
a  little  to  the  na,sal  side  of  its  centre  by  a  circular  aperture,  the  pupil^  for  the 
transmission  of  light.  By  its  circumference  it  is  intimately  connected  with  tbe 
choroid:  externally  to  this  is  the  Ciliary  muscle,  by  whicli  it  is  connected  to  the 
sclerotic  and  cornea ;  its  itjner  edge  forms  the  margin  of  the  pupil ;  its  surfaces 
are  flattened,  and  look  forward  and  backward,  the  anterior  surface  towai*d  the 
cornea,  the  posteriru-  toward  the  ciliary  processes  and  lens.  The  circumference 
of  the  iris  is  connected  to  the  cornea  by  a  reticular  structure  denominated  the 
Ik/nmentum  peetinatum  irniii^,  Tbe  anterior  surface  of  the  iris  is  variously 
colored  in  different  individuals,  and  marked  by  lines  which  converge  toward  the 
pupil.  The  posterior  surface  is  of  a  deei»  purple  tint,  from  being  covered  by  dark 
pigment:  it  is  hence  named  uvea,  from  its  resemblance  in  color  to  a  ripe  grape* 

Structure*— The  iris  is  composed  of  the  following  structures  : 

1.  In  front  is  a  layer  of  polybedral  cells  on  a  delicate  Iiyaline  basement 
membrane*  This  layer  is  continuous  with  the  epithelial  layer  of  the  membrane  of 
Descemet,  and  in  men  with  dark-colored  irides  the  cells  contain  pigment-granules- 

2*   Stroma. — The  stroma  consists  of  fibres  and  cells.     The  former  are  made  up 
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of  fine  delicate  bundles  of  fibrous  tissue,  of  which  some  few  fibres  have  a  circular 

direction  at  the  circumference  of  the  iris,  but  the  chief  nutss  consists  of  fibres 
radiating  toward  the  pupiL  They  ibrm,  by  their  interlacement,  a  delicate  mesh, 
in  which  the  vessels  and  nerves  are  contained.  Inters|)ersed  between  the  bundles 
of  connective  tissue  are  numerous  branched  cells  with  tine  processes.  Many  of 
tbem  in  dark  eyes  contain  jugment-granuk's,  but  in  blue  eyes  and  the  pink  eyes  of 
albinos  they  are  unpigmented. 

3.  The  ttntseuhir  fihre  is  invuluntary,  and  consists  of  eirctihir  and  radiating 
fibres.  The  circular  fibres  (sphincter  of  the  pupil)  surround  the  margin  of  the 
pupil  on  the  posterior  surfiiee  of  the  iris,  like  a  sphincter,  forming  a  narrow  band 
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Fig.  531.— Seel  ton  of  the  eye,  showing  the  rt^luOoiis  nf  the  cornea,  aijl  erotic,  and  iris,  together  wltti  the 
CiUAry  mttacle  and  the  cavtimoiu  spaces  near  the  angle  of  the  anterior  chamber,    (Waldeyer.) 

about  one-thirtieth  of  un  inch  in  width,  those  near  the  fi-ee  margin  being  closely 
aggregated;  those  more  external  somewhat  separated,  and  forming  less  complete 
ci  r cl es.  T  h e  ra  i  Ua ting  fihres  (dilator  of  the  p u  p  i  I )  c  o  n  v  e  rge  from  the  ci  r c  u  m  fe  r- 
ence  toward  the  centre,  and  l>lend  with  the  circular  fibres  near  the  marrrin  of 
the  pupil. 

4.  Piqment.^Thi*  situation  of  the  pigment-cells  differs  in  difterent  irides.  In 
the  various  shades  of  blue  eyes  the  only  pigment-cells  are  several  layers  of  small 
round  or  polyhednil  cells  tilled  with  dark  pigment,  situated  on  the  posterior  surface 
of  the  iris  and  continuous  with  the  pigmentary  lining  of  the  ciliary  processes.  The 
color  of  the  eye  in  these  individuals  is  due  to  this  coloring  matter  showing  more 
or  less  through  the  texture  of  the  iris.  In  the  albino  even  this  pigment  is  absent. 
In  the  gray,  brown»  and  black  eye  there  are,  as  mentionetl  above,  jiigment-granules 
to  be  fdund  in  tbe  cells  nf  rhe  stroma  an<l  in  the  epithelial  layer  on  the  front  of  the 
iris,  to  which  the  color  (»f  the  eye  is  due. 

The  arteries  of  the  iria  are  derived  from  the  long  and  anterior  ciliary  and  from 
the  vessels  of  the  ciliary  processes  (see  page  570). 

The  nerves  of  the  irift  are  derived  from  the  ciliary  branches  of  the  lenticular 
ganglion  and  tbe  long  ciliary  from  the  nasal  branch  of  the  ophthalmic  division  of 
the  fifth.  After  reaching  the  iris  in  the  numner  described  above  (page  797)  the*y  form 
a  plexus  around  the  attached  margin  of  the  iris;  from  this  are  derived  non- 
67 
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raeilulluted  fibres  which  terminate  in  the  circular  and  radiating  muscular  fibres. 
Iheir  exact  mode  of  termination  hasnotbt^cn  ascertained.  Other  fibres  from  the 
plexus  terminate  in  a  network  on  the  anterior  surface  of  the  iris.  The  fibres 
derived  from  the  motor  root  of  the  lenticular  ganglion  (third  nerve)  supply  the 
circular  fibres,  while  those  derived  from  the  sympathetic  supply  the  radiating 
fibres. 

Meinbrana  Pifpilfaris. — In  the  foetus  the  pupil  is  closed  by  a  delicate  transparent 
vascular  membrane,  the  membnuin  pupilhins^  which  divides  the  space  into  which 
tbe  iris  is  suspended  into  two  distinct  chambers,  This  membrane  contains  nunaeroua 
minute  vessels,  c^mtiniied  from  the  margin  of  the  iris  to  those  on  the  front  part  of 
the  capsule  of  the  lens.  These  vessels  have  a  looped  arrangement,  and  converge 
toward  each  other  without  anastomosing*  Between  the  seventh  and  eighth  months 
the  membrane  begins  to  disappear,  by  its  gradual  absorption  from  the  centre 
toward  tbe  circumference,  and  at  birth  only  a  few  fragments  remain.  It  is  said 
sometimes  to  remain  permanent  and  produce  biindness. 

The  Cih'arif  tnuM^le  (Bowman)  consists  of  unstriped  fibres:  it  forms  a  grayish, 
semi  trans  parent,  circular  band,  about  one-eighth  of  an  inch  broad,  on  the  outer 
surface  of  tbe  fore  part  of  the  choroid.  It  is  thickest  in  front,  and  gradually 
becomes  thinner  behind.  It  consists  of  two  sets  of  fibres,  radiating  and  circular. 
The  former,  much  the  more  numerous,  arise  at  the  point  of  junction  of  the  cornea 
and  sclerotic,  and,  passing  backward,  are  attached  to  the  choroid  opposite  to  the 
ciliary  processes.  One  bundle,  according  to  Waldeyer,  is  continued  backward  to 
be  inserted  into  the  sclerotic.  The  circular  fibres  are  internal  to  the  radiating  ones* 
and  to  some  extent  unconnected  w  ith  them,  and  have  a  circidar  course  around  the 
attachment  of  the  iris.  They  are  sometimes  called  the  '*  ring  muscle  "  of  Miiller, 
and  were  formerly  described  as  the  ciliary  ligament.  The  Ciliary  muscle  is  admitted 
to  be  the  chief  agent  in  accommodation — /.  e.  in  adjusting  the  eye  to  the  vision  of 
near  objects.  Mr.  Bowman  believed  that  this  was  effected  by  its  compressing  the 
vitreous  body,  and  so  causing  the  lens  to  advance :  but  the  view^  which  now 
prevails  is  that  the  contraction  of  the  muscle,  by  drawing  on  the  ciliary  processes, 
relaxes  the  sus|iensory  ligament  of  the  lens,  thus  allowing  the  anterior  surface 
of  the  lens  to  become  more  convex.  The  pupil  is  at  the  same  time  slightly 
contracted.' 

The  Eetina  is  a  delicate  nervous  membrane  upon  the  surface  of  which  the 
images  of  external  objects  are  received.  Its  outer  surface  is  in  contact  with  the 
choroid,  tht!  inner  surface  w^ith  the  vitreous  body.  Behind  it  is  continuous  with 
the  optic  nerve  ;  it  gradually  diminishes  in  thickness  from  behind  forward,  and 
in  front  extends  nearly  as  far  forward  as  the  Ciliary  muscle,  ^vhere  it  terminates 
by  a  jagged  margin,  the  ora  serrata.  It  is  soft,  and  semitransparent  in  the  fresh 
state,  but  soon  becomes  clouded,  opaque,  and  of  a  pinkish  tint.  Exactly  in  the 
centre  of  the  posterior  part  of  the  retina,  and  at  a  point  corresponding  to  the  axis 
of  the  eye,  in  which  the  sense  of  vision  is  most  perfect,  is  a  round,  elevated, 
yellowish  sjjot,  called,  after  its  discoverer,  the  yellow  spot  or  hmlnf^  httrus  (macula 
bitea)  of  Sommerring,  having  a  central  depression  at  its  summit,  the  fovea 
centralis.  The  retina  in  the  situation  of  the  fovea  centralis  is  exceedingly  thin  ;  so 
much  so  that  the  dark  color  of  the  choroid  is  distinctly  seen  through  it ;  so  that 
it  presents  more  the  appearance  of  a  foramen,  and  hence  the  name  **  foramen  of 
Sommerring  "  at  first  given  to  it.  It  exists  only  in  man,  the  quadrumana,  and 
some  saurian  reptiles.  About  one-tenth  of  an  inch  to  the  inner  side  of  the  yellow 
spot  is  the  point  of  entrance  of  the  optic  nerve  ( porm  opticus) ;  here  the  nervous 
flubslance  is  slightly  raisetl  so  as  to  form  an  eminence  {collieulus  nervl  optici);  the 
arteria  centralis  retiuc'e  pierces  its  centre.  This  is  the  only  part  of  the  surface  of 
the  retina  from  which  the  power  of  vision  is  absent. 

Structiire. — The  retina  is  an  exceedingly  complex  structure,  and,  when  exam- 
ined uiicroseopically  by  means  of  sections  made  perpendicularly  to  its  surface, 

*  See  explanation  and  diiigram  in  Power's  lllu^tcaiiutL^  0/  Somt  0/  the  Prijicipal  Diseanat  of  the  E%ft^ 
p.  590. 
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Fig.  332.— The  arterlft  ceniraliB  retinai,  yeUowr  spot^  etc.,  the  unterior  half  of  the  eyeball  being  remored*] 
(Enlarged:) 

2.  The  fibrous  layer  is  made  up  of  nerve-fibres,  the  direct  continuation  of  the 
fibres  of  the  optic  nerve.  This  nerve  therefore  passes  through  all  the  other  hiyers 
of  the  retina,  except  the  one  previously  mentioned,  to  reach  its  destination  in  the 
fibrous  layer.  As  the  nerve  passes  through  the  lamina  cribrosa  of  the  sclerotic 
coat  the  fibres  of  which  it  is  compo,sed  hty  aside  their  medullary  sheaths  and 
are  continued  unward,  through  the  choroid  and  retina,  as  simple  axis-cylinders. 
When  these  non-mediilhited  fibres  reach  the  internal  surface  of  the  retina,  they 
radiate  from  their  point  of  entrance  over  the  surface  of  the  retina,  grouped  in 
bundles,  and  in  many  places,  according  to  Micheh  arranged  in  plexuses.  The 
layer  is  thickest  at  the  optic  nerve  entrance,  and  giaduaily  diminishes  in  thick- 
ness toward  the  or  a  serrata. 

3.  The  Vf'iticular  layer  consists  of  a  sin  trie  layer  of  large  ganglion-cells,  except 
in  the  macula  Intea,  where  there  are  several  layers.  The  cells  are  somewhat  flask* 
shaped  ;  their  rounded  internal  margin  resting  on  the  preceding  layer,  and  sending 
ofl:'a  single  process,  which  is  prolonged  into  the  fibrous  hiyei%  and  is  believed  to  be 
continuous  with  a  nerve-fibre.  From  the  opposite  extremity  of  the  cell  one  or 
more  thicker  processes  extend  into  the  inner  molecular  layer,  where  they  divide 
dichotomously  and  become  lost  in  its  reticulum,  on  according  to  some,  pass 
through  this  layer  to  reach   the  inner  nuclear  layer* 

4.  The  inner  muheuhtr  itufcr  tnirjsisis  of  a  stratum  of  granular-looking  sub- 
stance, from  which  circumstance  it  is  sometimes  called  the  ""  inner  granular*'  layer. 
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It  IS  made  up  of  a  dense  reticulum  cif  minute  fibrils,  interniirigled  with  the  fine 
processes  of  the  gaDglion-cells  and  also  processes  derived  from  certain  cells 
contained  in  the  next  layer,  immediately  to  be  described.  No  direct  connect] od 
between  these  sets  of  processes  has  yet  been  demonstrated,  but  it  is  considered 
probable  thtit  they  do  coromiinicate,  and  that  there  is  therefore  a  direct  connection 
between  the  ganglion-cells  of  the  vesicular  layer  ond  the  nuclear  cells  of  the  inner 
nuclear  layer*  Within  the  reticulum  formed  by  these  fibrils  minute  clear  granules, 
of  unknown  nature,  are  imbedded. 

5.  The  inner  nuclear  lai/er  is  made  up  of  nuclear  bodies,  of  which  there  are 


iliS: 


Ftg8.  533, 584.— Vertical  sections  of  the  human  retlnft.  Fig,  533,  half  nii  irioh  from  the  ^'titrance  of  the  optic 
nerve^  Fijt.  634+ elcwe  to  the  latter*  h  Layer  of  rods  and  cone*  {cfJumnar  fa«rr),  bjunded  uDdenieath  by  the 
m^nbmna  fimttnns  ejti^ma,  2.  E^ttomal  nuclear  layer.  3.  Outer  moleeulwr  layer.  4.  liiterrml  nuclear  layer, 
5.  Inner  molecular  htyer,  6.  Layerof  the  Kiiiifirlfon-cells.  7,  Ex  pan*!  km  of  opt  ie  fibres.  8.  Sus  tentacular  fibres 
of  Mmkr.    9.  Their  attachment  to  the  membrana  liraltans  interna. 


three  different  kinds :  (1)  A  large  number  of  oval  nuclei,  which  are  commonly 
regarded  as  bijKdar  nerve-cells,  and  are  much  more  numerous  than  either  of  the 
other  kind.  Tbey  consist  of  a  large  oval  nuclear  body  placed  vertically  to  the 
surface,  containing  a  distinct  nucleolus  :  they  are  surrounded  hj  a  small  amount 
of  protoplasm,  which  is  prolonged  into  two  processes :  one  of  these  passes  inward 
into  the  inner  molecular  layer^  is  varicose  in  appearance,  and,  as  stated  above,  is 
believed  to  be  continuous  with  the  processes  of  the  ganglion-cells.  The  other 
process  passes  outward  into  the  outer  moleeidar  layer,  and  there  bifurcates* 
According  to  some  observers,  the  divisions  thus  fonned  communicate  with  the  rod- 
and  cone-fibres  (Merkel),  (2)  At  the  innermost  part  of  this  inner  nuclear  layer 
is  a  stratum  of  cells  which  are  not  branched.  (3)  Some  few  cells  are  also  found 
in  this  layer  connected  with  the  fibres  of  Miiller,  and  will  be  described  with  those 
structures. 

6,  The  outer  moleeular  hrt/er  is  much  thinner  than  the  inner  molecular  layer, 
but,  like  it,  consists  of  a  dense  network  of  minute  fibrils,  and  presents  the  same 
granular  appearance.  It  differs,  however,  from  the  inner  molecular  layer  in  con- 
taining branched  stellate  cells^  the  processes  of  which  are  extremely  fine  and 
exhibit  varicosities  like  nerve-fibrils.  Tbuv  are  therefr:>re  considered  bv  Schultze 
to  be  ganglion-cells. 

7.  The  Outer  N^uvkar  Lat/er. — Like  the  inner  nuclear  layer,  this  layer  contains 
several  strata  of  clear  oval  nuclear  bodies;  they  are  of  two  kinds,  and,  on  account 
of  their  being  respectively  connected  w^ith  the  rods  and  cones  of  Jacob's  membrane, 
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are  named  rod-granules  and  cone-granules.     Tbe  rod-gtanMlen  are  much  the  more 

numerous,  and  are  placed  at  different  le\^el8  tlirotighout  the  layer.  They  present  a 
peculiar  cross-striped  appearance,  and  have  prolonged  from  either  extremity  a  fine 
process  :  the  outermost  is  contiiuious  with  a  single  rod  of  Jacob's  membrane;  the 
innermost  passes  inward  toward  the  outer  molecular  layer,  and  terminates  in  an 
enlarged  extremity,  from  which  are  given  off  a  number  of  minute  fibrils,  which 
enter  the  outer  molecular  layer.  In  its  course  it  presents  numerous  varicosities. 
The  cone-granules^  fewer  in  number  than  the  rod-granules,  are  placed  close  to  the 
membrana  limitans  externa,  and  arc  closely  connected  with  the  cones  of  Jacobus 
membrane.  They  do  not  present  any  cross-striping,  but  contain  a  pyriform 
nucleus,  which  almost  completely  fills  the  cell.  From  their  inner  extremity  a 
thick  process  passes  inward  to  the  outer  molecular  layer,  where,  like  the  processes 
of  the  rod-cells,  it  terminates  in  an  enlargement^  from  which  are  given  off  numerous 
fine  fibrils  which  enter  the  outer  molecular  layer. 

8.  Th*'  Membrana  Limitfjns  Externa, — This  layer,  like  the  membrana  limitans 
interna,  is  derived  from  the  fibres  of  Miiller,  with  which  structures  it  will  be 
described. 

9.  Jacob's  Memhrane  (hacillary  lai/er). — The  elements  which  compose  this 
layer  are  of  two  kinds,  roth  and  cones,  the  former  being  much  more  numerous  than 
the  latter.  The  rods  are  solid,  of  nearly  uniform  size,  and  arranged  perpendicularly 
to  the  surface.  Each  rod  consists  of  two  portions,  an  outer  ami  inner,  which  are 
joined  together  by  a  cement-substance  and  are  of  about  eijual  length.  They  differ 
from  each  other  as  regards  refraction  and  in  their  behavior  with  coloring 
reagents,  the  inner  portion  becoming  stained  by  carmine,  iodine,  etc.,  the  outer 
port  ion  r em ai  n  i  ng  un s  t  a i  n c d .  T h e  o u  t er  po r t  i o n  o f  ea c h  rod  i s  m  ark e d  b y  t ra n s  v e rs e 
striiie,  and  is  made  uji  of  a  niunber  of  thin  disks  superimposed  on  one  another.  It 
also  exhibits  faint  longitiulinal  markings.  Tbe  inner  portion  of  each  rod  at  its 
inner  extremity,  where  it  is  joined  to  the  processes  of  tbe  rod-granules,  is  indistinctly 
granular  ;  at  its  outer  extremity  it  presents  a  fine  longitudinal  striation,  being 
composed  of  fine,  bright,  highly  refracting  fibrils. 

The  cones  are  conical  or  flask-shaped,  their  broad  ends  resting  upon  the 
membrana  limitans  externa,  the  narrow  pointed  extremity  being  turned  to  the 
choroid.  Like  the  rods,  they  are  made  up  of  two  portions,  outer  and  inner;  the 
outer  portion  being  a  sbort  conical  process,  which,  like  the  outer  segment  uf  the  rods, 
presents  transverse  striie.  The  inner  portion  resembles  the  inner  portion  of  the 
rods  in  structure,  presenting  an  outer  striatetl  and  an  inner  granular  appearance, 
but  differs  from  it  in  size,  being  bulged  out  laterally  and  |>resenting  a  flask  shape. 

10.  The  Piipnentanf  Latf^'r,  or  Tapefum  Nigrum. — The  most  external  layer  of 
the  retina,  formerly  regarded  9S  a  part  of  the  choroid,  consists  of  a  single  layer  of 
hexagonal  epithelium  cells  loaded  with  pigment-granules  (Fig.  21).  In  tbe  eyes  of 
albinos  the  cells  of  the  pigmentary  layer  are  present,  but  they  contain  no  coloring 
matter.  In  many  of  the  mammals  also,  as  in  the  horse,  and  many  of  the  carnivora, 
there  is  no  pigment  in  the  cells  of  this  layer,  and  the  choroid  possesses  a  beautiful 
iridescent  lustre,  which  is  termed  tlje  tapeium  htciihim. 

Connectlve-ti'ssne  Framework  of  the  Retina, — Almost  all  these  layers  of  the 
retina  are  connected  together  by  a  sort  of  supporting  connective  tissue,  which  has 
been  named  the  fibres  uf  MiiUer^  or  radiating  Jiff  res,  from  which  the  membrana 
limitans  interna  et  externa  are  derived.  These  fibres  are  found  stretched  between 
the  two  limiting  layers,  **  as  columns  between  a  floor  and  a  ceiling,"  and  passing 
through  all  the  nervous  layers  except  Jacob's  membrane.  They  commence  on 
the  inner  surface  of  the  retina  by  ji  conical  base,  the  edges  of  the  bases  of  adjoining 
fibres  being  united,  and  thus  forming  a  boundary-line  which  is  the  membrana 
limitans  interna.  As  they  pass  through  the  various  layers  they  present  a  roughness 
on  their  surface,  as  if  a  number  of  membranous  processes  had  been  abniptly 
broken  off.  By  these  they  arc  continuous  with  the  reticulum  of  the  inner  and  outer 
molecidar  la3"cr  and  with  a  spongc-likc  stroma,  in  which  the  nuclei  of  the  inner 
nuclear  layers  are  imbedded.     In  the  inner  nuclear  layer  each  fibre  of  Miiller 
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presents  a  clear  oval  nucleus,  referred  to  above,  which  is  sometimes  situated  at  the 
side  of,  sometiines  altogether  Avithin,  the  fibre*  In  the  outer  nuclear  layer  the  fibre 
breaks  up  into  fine  lamellas,  which  fnnii  ;i  fenestrated  or  sponge-like  tissue,  in 
which  the  rod-  and  eone-granules  are  enclosed,  and  at  the  outer  border  of  this 
layer  these  lamella  unite  along  a  definite  iirie,  forming  the  mcmbrana  li  mi  tans 
externa. 

3Iaeida  Lutea  and  Fovea  Cfntralk. — The  structure  of  the  retina  at  the  yellow 
spot  presents  some  modifications.     In  the  macula  lutea  (1)  the  nerve-libres  are 
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Fio.  535  — TUe  layerji  of  the  reUtia  (diRgrammatic).    (After  SchuUie,) 

wanting  as  a  continuous  layer;  (2)  the  vesicidar  layer  consists  of  several  strata  of 
cells*  instead  of  a  single  layer;  (3)  in  Jacob*s  membrane  there  are  no  rods,  but 
only  cones,  and  these  are  longer  and  narrower  thiui  in  other  parts;  and  (4)  in  the 
outer  nuclear  layer  there  are  only  cone-fibres,  which  are  very  long  and  arranged  in 
curved  lines.  At  the  fovea  centralis  the  only  jiarts  which  exi.st  are  the  cones  of 
Jacob's  membriine,  the  outer  nuclear  layer,  the  cnne-fibres  (^f  which  are  almos| 
horizontal  in  direction,  and  un  exceedingly  thin  inner  granular  layer.  The  co 
of  the  spot  seems  to  imbue  all  the  layers  except  Jacob's  membrane;  it  is  of  a  rich 
yellow,  deepest  toward  the  centre,  and  does  not  appear  to  consist  of  pigment-cells, 
but  simply  a  staining  of  the  constituent  jiarts. 

At  the  ora  serrata  the  layers  of  the  retina  for  the  most  ]>art  terminate  abruptly, 
and  the  radiating  fibres  of  Muller,  covered  by  the  pigmentary  layer,  can  be  traced 
forward,  as  the  pars  ciliaris,  to  the  iris.  The  fibres  of  Miiller  here  present  the 
appearance  of  columnar  epithelial  cells  arranged  in  a  single  stratum. 

The  arteria  mutndix  rethtfp  and  its  accompanying  vein  pierce  the  optic  nerve, 
and  enter  the  globe  of  the  eye  through  the  porus  opticus.     It  immediately  divides 


into  four  or  five  brancbes,  which  at  first  run  between  the  hyaloid  membrane  and 
the  nervous  layer,  but  they  soon  enter  tbe  latter  membrane,  and  pass  forward, 
dividing  dichotomously.  From  the>ie  branehes  a  minute  cafiilhiry  plexus  is  given 
off,  which  does  not  extend  beyond  the  inner  nuclear  layer.  In  the  foetus  a  small 
vessel  parses  forward,  through  the  vitreous  humor,  to  the  posterior  surface  of  the 
capsule  of  the  lens. 

Humors  of  the  Eye, 

Th*.^  aqneouB  hujoor  eooipletely  fills  the  anterior  and  posterior  chambers  of  the 
eyeball.  It  is  small  in  i|uantity  (scarcely  exceeding,  according  to  Petit,  four  or 
five  grains  in  weight),  has  an  alkaline  reaction,  in  composition  is  little  mot*e  than 
water^  less  than  one-fiftieth  of  its  weight  being  solid  matter,  chiefly  chloride  of 
sodium. 

The  anterior  chamber  is  a  space  bounded  in  front  by  tbe  cornea,  behind  by  tbe 
front  of  the  iris.  The  prmterior  ekamber  was  the  name  formerly  given  to  a  space 
which  was  believed  to  exist  between  the  iris  in  front  and  the  capsule  of  tbe  lens, 
its  suspensory  ligsiment.  and  the  ciliary  processes  behind.  It  is  now  known  that 
the  posterior  surface  of  the  iris  is  in  immediate  contact  with  the  lens  througliout 
the  greater  part  of  its  extent.  The  only  space  which  remains  to  represent  the 
posterior  chamber  is  a  narrow  chink  between  tbe  peri|^heral  part  of  the  iris,  the 
suspensory  ligiiment,  and  the  ciliary  processes. 

In  the  adtilt  these  two  cbambei*s  communicate  through  the  pupil ;  but  in  the 
foetus  in  the  seventh  month,  when  the  pupil  is  closed  by  the  membrana  pupillaris, 
the  two  chambers  are  quite  separate, 

Tlie  Vitreous  Body, 

The  vitreous  body  f«>nns  about  four-fifths  of  the  entire  globe.  It  fills  the  con- 
cavity of  tbe  TTtinn.  and  is  hollowed  in  fi7>nt  f[>r  the  reception  nf  the  lens  and  its 
capsule.  It  is  |ierfee!ly  transparent,  of  tbe  consistence  of  thin  jelly,  and  is  com- 
posed of  an  albuminous  fluid  enclosed  in  a  delicate  transparent  membrane,  the 
hifahkL  This  membrane  invests  tbe  surface  of  the  vitreons  body ;  at  tbe  pars  cillarh 
rt'tinfT  it  splits  into  two  layers,  an  anterior,  tbe  suspensory  ligament  of  the  lens,  and 
a  posterior,  which  pjisses  uver  the  ftont  of  the  vitreous  body.  It  has  been  supposed, 
by  Hannover,  thut  from  its  inner  surface  numerous  thin  laniclhe  nre  prolonged 
inward  in  a  radiating  nmnner,  forming  spaces  in  wbieb  the  fluid  is  containefL  In 
the  adult  these  lamelh\?  cannot  be  detected  even  after  careful  microscopic  exami- 
nation ;  but  in  the  foetus  a  peculiar  fibrous  texture  pervades  the  mass,  the  fibres 
joining  at  nuraerotis  points,  and  presenting  minute  nuclear  granules  at  their 
point  of  junction.  In  the  centre  of  tbe  vitreous  hwmor,  running  from  the  posi- 
tion of  the  entnince  of  tbe  optic  nerve  on  the  retimt  to  the  posterior  surface  of  the 
lens,  is  a  canal  filled  with  fluid  and  lined  by  a  prolongation  of  the  hyaloid  mem- 
brane. This  is  the  canal  of  iS*tillinffj  and  is  the  canal  which  in  the  enibryonic 
vitreous  humor  conveyed  the  minute  artery  from  tbe  central  artery  of  tbe  retina 
to  the  back  of  tbe  lens.  The  fluid  from  the  vitreous  body  resembles  nearly  pure 
water;   it  contains^  however,  some  salts  and  a  little  albumen. 

The  hyaloid  metwbrane  encloses  the  whole  of  tbe  vitreous  humor,  that  portion 
on  its  anterior  snrface,  which  is  hollowed  out  for  the  reception  of  the  lens,  being 
tbe  posterior  layer  just  mentioned  ;  while  the  anterior  layer  is  the  fnfftpeitsovi/ 
ligament.  It  is  a  delicate  structureless  membrane,  except  where  it  forms  the  sus- 
pensory ligament,  where  it  contains  bmgitudinal  elastic  fibres.  Immediately 
beneath  the  hyaloid  mem.brane  are  found  small,  granular,  nucleated  cells  which 
arc  said  to  be  possessed  of  ama*br*id  movements. 

In  theffetua  tbe  centre  of  the  vitreous  humor  presents  a  tubular  canal,  through 
which  a  minute  artery  passes  along  the  vitreous  body  to  tbe  cajisule  of  the  lens. 
In  the  adult  no  vessels  penetrate  its  substance,  so  that  its  nutrition  must  be 
carried  on  by  the  vessels  of  tbe  retina  and  ciliain*  processes  situated  upon  its 
exterior. 
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Fin,  536.— The  crystalUtte 
lens,  hardened  and  divided. 
(Enlarged.) 


The  Crystallma  Lens  and  its  Oapsule. 

The  crystalline  lens,  enclused  in  its  capsule,  is  situated  immediately  behind 
the  pupil,  in  front  of  the  %itreotis  body,  and  surrounded  by  the  ciliary  processes, 
which  slightly  overlap  its  margin. 

The  capsule  of  the  kji^  is  a  transparent,  highly  eUtstic,  and  brittle  membrane 
which  closely  surrounds  the  lens.  It  rests,  behind,  in  a  depression  in  the  fore  part 
of  the  vitreous  body  ;  in  front  it  is  in  contact  with  the  free  border  of  the  iris,  this 
latter  receding  from  it  at  the  circumference,  thus  fonning  the  posterior  chamber 
of  the  eye  :  and  it  is  retained  in  its  position  chiefly  by  the  suspensory  ligament  of 
the  leos.  The  capsule  is  much  thicker  in  fiont  than  behind,  structureless  in  text- 
ure, and  when  ruptured  the  edges  roll  up  with  the  outer  surface  innermost,  like 
the  elastic  lamina  of  the  cornea.  The  anterior  surface  of  the  lens  is  connected  to 
the  inner  surface  of  the  capsule  by  a  single  layer  of  transparent,  polygonal,  nucle- 
ated cells.  At  the  circumference  of  the  lens  these  cells 
undergo  a  change  in  form  :  tliey  become  elongated,  and 
Babucin  states  that  he  can  trace  the  gradual  transition 
of  the  cells  into  proper  lens-fibres,  with  which  they  are 
directly  continuous.  There  is  no  epithelium  on  the 
posterior  surftice. 

In  the  fcetus  a  small  branch  from  the  arte ri a  centralis 
retinte  runs  forward,  as  id  ready  mentioned,  through  the 
vitreous  humor  to  the  posterior  part  of  the  capsule  of  the 
lens,  where  its  branches  radiate  and  form  a  plexiform 
network  which  covers  its  surface,  and  they  are  continu- 
ous round  the  margin  of  the  capsule  with  the  vessels  of 
the  pupillary  membrane  and  with  those  of  the  iris.  In 
the  adult  no  vessels  enter  its  substance* 

The  lens  is  a  transparent,  double-convex  body,  the  convexity  being  greater  on 
the  posterior  than  on  the  anterior  surface.  It  measures  about  a  third  of  an  inch 
in  the  transverse  diameter,  and  about  one-fourth  in  the  antero-posterior*  It  con- 
sists of  concentric  layers,  of  which  the  external  in  the  fresh  state  are  soft  and 
easily  detached;  those  beneath  are  firmer,  the  central  ones  forming  a  hardened 
nucleus.  These  lamina?  are  best  demonstrated  by  boiling,  or  immersiou  in  alcohol. 
The  same  reagents  demonstrate  that  the  lens  consists  of  three  triungular  segments, 
the  sharp  edges  of  which  are  directed  toward  the  centre^  the  bases  toward  the 
circumference.  The  lamime  consist  of  minute  parallel  fibres  which  are  hexagonal 
prisms,  the  edges  being  dentated,  and  the  dentations  fitting  accurately  into  each 
other ;  their  breadth  is  about  -^j^ij^th  of  an  inch.  They  run  from  the  sutures  or 
lines  of  Junction  of  the  triangular  segments  on  the  one  surface  to  the  periphery  of 
the  lens,  and,  curving  round  its  margin,  they  terminate  at  the  line  of  junction  of 
the  segments  on  the  other*  No  fibres  pass  from  pole  to  pole,  but  they  are 
arranged  in  such  a  way  that  fibres  which  commence  near  the  pole  on  the  one 
aspect  of  the  lens^ — that  is  to  say,  near  the  ajiex  of  the  triangular  segment — 
tenninate  near  the  ]>eripheral  extremity  of  the  plane  on  the  other,  or  near  the  base 
of  the  triangular  segment,  and  viet^  versa*  The  fibres  of  the  outer  layers  of  the 
lens  each  contain  a  nucleus,  which  together  form  a  layer  (nuclear  layer)  on  the 
surface  of  the  lens,  most  distinct  toward  its  circumference.  The  meridians,  or 
lines  of  junction  of  the  three  segments,  are  composed  of  an  amorphous  granular 
substance  which  sometimes  becomes  opacjue,  when  the  lines  are  seen  forming  a 
distinct  star  on  the  lens.  The  lint-s  on  one  surface  do  not  lie  immediately  opposite 
those  on  the  other,  but  are  intermt-diate. 

The  ehatit/ea  prodwed  in  the  lens  htf  aife  are  the  following: 
In  theftetm  its  form  is  nearly  spherical,  its  color  of  a  slightly  reddish  tint,  it 
is  not  perfectly  transparent,  and  is  so  soft  aa  to  break  down  readily  on  the  sligbtedt 
pressure. 


THE   CRYSTALLINE  LENS  AND   ITS   CAPSULE.  905 

In  the  adult  the  posterior  surface  is  more  convex  than  the  anterior ;  it  is  color- 
leas,  transparent,  and  firm  in  texture. 

Li  old  at/e  it  be&>mes  flattened  on  both  surfaces,  slightly  opaque,  of  an  amber 
tint,  and  increases  in  tlensity. 

The  smpenmr^  Itf/ament  of  the  lejin  is  a  thin,  transparent,  njeinbranous  struc- 
ture placed  at  first  between  the  vitreous  body  and  the  eiljury  processes  of  the 
choroid,  and  then  passing  from  these  same  ]>ro cesses  to  the  anterior  surface  of 
the  lens  near  its  circumference.  It  assists  in  retaining  the  lens  in  its  position* 
Its  outer  surface  presents  a  number  of  folds  or  pkitings  in  which  the  corresjionding 
folds  of  the  ciliary  processes  are  received.  These  plaitings  are  arranged  round  the 
lens  in  a  radiating  form,  and  are  stained  by  the  pigment  of  the  ciliary  processes.  | 
The  suspensory  ligament  is  that  part  of  the  hyaloid  membrane,  which,  as  described 
above,  is  continued  forward  to  the  anterior  part  of  the  margin  of  the  lens.  It  is 
covered  on  its  outer  surface  by  the  pars  ciliaris,  or  connectiv€*-tissue  framework 
of  the  retina,  prolonged  forward  from  the  or  a  serrata.  That  portion  of  this  mem- 
brane which  intervenes  between  the  ciliary  processes  and  the  capsule  of  the  lens 
forms  part  of  the  boundary  of  the  posterior  chamber  of  the  eye.  The  posterior 
Btirfaoe  of  this  layer  is  turned  toward  the  vitreous  humor,  being  separated  from  it 
at  the  circumference  of  the  lens  by  a  space  called  the  canal  of  Petit. 

The  eanai  of  Petit  is  about  one-tenth  of  an  inch  wide.  It  is  bounded  in  front 
by  the  suspensory  ligament;  bchiml  by  the '*  }>osterior  layer '' of  the  hyaloid 
membrane,  its  base  being  formed  by  the  capsule  of  the  lens.  When  inflated  with 
air  it  is  sacculated  at  intervals,  owing  to  the  foldings  on  its  anterior  surface. 

The  arteries  of  the  globe  (f  the  ei^e  are  the  short,  long,  and  anterior  ciliary 
arteries  and  the  arteria  centralis  retimie.     They  have  been  already  described  (see  I 
page  570). 

The  ciliarf/  Pcins  are  seen  on  the  outer  surface  of  the  choroid,  and  are  named, 
from  their  arrangement,  the  vt^ntv  rortieoaa^  They  converge  to  four  or  five 
equidistant  trnnks^  which  pierce  the  sclerotic  midway  between  the  margin  of  the 
cornea  and  the  entrance  of  the  optic  nerve.  Another  set  of  veins  accompany  the 
anterior  ciliary  arteries  and  open  into  the  o|ihthalmic  vein. 

The  ciliarif  nerves  are  derived  from  the  nasal  branch  of  the  ophthalmic  and 
from  the  ciliary  or  ophthalmic  ganglion. 

Surgical  Anatomy.^ — Fureign  bodies  irequently  get  irUo  the  ccmjunctival  siic  atid  cause 
great  pain,  fsiieciiilly  if  they  eome  in  contact  with  the  corneal  sarfare  during  the  moveaients  of 
the  lid  and  the  eye  ou  each  other.  The  coajunetivii  ib  frefjuently  involved  in  severe  iajtiries  of 
the  eyeball,  but  is  seldom  ruptured  alone;  the  most  common  forfn  of  iryury  to  the  coajunctiva 
aloae  is  from  a  burn,  either  froai  iire»  strong  adds^  or  lime.  In  ttiese  ea^es  union  is  Jiahle  to  take 
place  between  the  eyelid  an^l  the  eyeball  The  ciinjunttiva  is  often  tlie  .seat  ot"  inflammiitiori 
arising?  from  many  different  causes,  aitd  the  arrangement  of  the  eoiijiinctival  vessels  should  1:h3 
remembered  as  affonlinir  a  means  of  diat'uosls  between  this  coadilioii  and  injection  of  the  sclero- 
tie,  which  is  present  in  inflammations  of  the  deeper  structures  of  die  ^dolte.  The  inflamed  con- 
junetiva  is  bright  red;  the  ves^sels  are  large  and  tortuous,  ami  iLcreatest  at  tlie  eireuml'erenee, 
shading  off  toward  the  corneal  niar|?in;  they  anastomose  freely  and  furui  a  dense  network,  and 
they  r'an  l:*c  emptied  or  dis*placed  by  gentle  pressure. 

From  a  surgical  point  of  view  the  cornea  may  be  re|2ardeti  as  consisting  of  three  layers:  (1 ) 
of  an  external  epithelial  layer,  developed  frL»m  the  epiblast,  and  eontinuons  with  the  external 
epithelial  eovering  oT  the  rest  of  the  bijijy.  and  therefore  in  its  lesiona  resemblinir  thos*'  of  (he 
eriidermis  and  siiperlieml  layers  of  the  derma;  i'l)  of  the  cornea  proper,  derived  troni  the  me.so- 
blast,  and  a-sswiatcd  in  its  diseases  with  the  fibro- vascular  structures  of  the  Ixtdy  ;  and  {%)  the 
posterior  elastic  layer  with  its  endothelium,  i\\m  derived  from  the  inesoblast  and  having  the 
characters  of  a  serous  membrane,  so  that  inflauonation  of  it  resembles  inflammation  of  ibe  other 
serous  and  synovial  mernbnuies  of  the  body. 

The  cornea  contains  no  blood -vessels,  except  at  its  periphery,  ivbere  nunientus  delicate 
loops,  derived  from  the  anterior  ciliary  arteries,  may  be  demonstrated  on  the  anterior  surface  of 
the  coniCEt  The  rest  of  the  cornea  is  nourished  by  lymph,  which  gain.s  aeeess  to  the  proper  sub-  1 
stance  of  the  cornea  and  the  jwsterior  layer  throui^di  the  spaces  of  Fontana.  This^  lack  of  a 
direct  bloiMl'SUpply  renders  the  ctjmea  very  apt  to  infliune  in  the  cachectic  and  ill- nourished.  In 
eases  of  granular  lids  there  m  a  ]ie<'uliar  affecliim  of  tlie  ectmeiu  called  tMtiitttta,  in  which  the 
anterior  layers  of  the  cornea  bee<^)me  vfLst'ulari/.ed,  anil  a  rich  network  of  bloo<l- vessels  maybe 
Been  on  the  eoraea;  and  in  interstitial  keratitis  new  vessels  extend  into  the  cornea,  giving  it  a 
pinkiah  hue,  to  which  the  term  *'  s;xlmon  patch  "  is  applied.     The  cornea  is  richly  sapplied  with 
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nerves,  derived  fmm  the  ciliary,  whitdi  enter  the  coniea  tlimuKh  the  fore  jmrt  of  tbe  sclerotic 
and  form  plexuses  in  the  strotxKi,  tcniiiniitiug  between  the  epithelial  cells  by  free  ends  or  in  eor- 
pusclea.  In  eii^s  t»f  Kkueuma  the  eihary  nerves  may  be  pressed  upon  vk&  ihey  course  between 
the  choroid  and  sclerotle,  aful  the  cornea  beeonies  anaesthetic.  The  sclerotic  h^^  very  few  blcHxl- 
vessels  and  nerves.     Tlie  blotnl- vessels  are  derived  Iroin  the  anterior  eiliar>",  and  form  an  open 

Slexus  hi  \t%  substance-  As  they  ai)])roach  iIr^  corneal  margin  this  arrangement  is  peculiar. 
^ome  branches  piis8  throuifli  tlie  selerotie  to  the  eiliiiry  body  ;  othens  l:H.*couie  suyjerfieial  «nd  lie 
in  the  epirfelend  tissue,  and  forut  arches,  by  anastomosing  with  each  other,  suine  little  distance 
behind  the  corneal  margin.  From  these  arehes  numerous  stnii^ht  vessels  are  lilven  off^  which 
run  forward  to  the  Ci>rnea,  fonnitig  its  marginal  ph^xus.  In  infiammation  of  the  selerotic  and 
eiiiscleral  tissue  these  vessels  Wcome  conspicuous,  and  form  a  i>inkish  zone  of  straight  vessels 
radtatuig  from  the  eomejd  margin,  coTumonly  known  as  the  zone  of  ciliary  injection.  In  intiam- 
malion  of  the  iris  anrl  L-iliary  fjoily  tliis  unm  is  present,  since  the  s(*lerotic  speedily  becomes 
involved  when  these  structures  are  iuiiamed.  But  m  inHanuuation  of  the  cornea  the  siderotie  is 
seldom  much  atfccteil,  thoimh  tlie  cornea  aiifl  seleroiif  are  struct undl.v  continuous.  This  would 
appear  to  be  due  to  tlie  tact  that  the  nutritii>i*  uf  the  ctinn^a  is  derived  from  a  different  source 
fruQi  thatof  thesc^lerotic.  The  sclerotic  may  be  ruptured  subeutaneously  without  any  laceration  of 
the  coniunctiva,  and  the  nipture  usually  occurs  near  the  corneal  margin,  where  the  tunic  is  thin* 
nest.  It  may  be  complicatei  with  lesions  of  adjacent  parts— laceration  <d' the  choroid,  retina, 
iris,  or  suspensory  ligament  of  the  lens— and  is  then  ol\en  attended  with  Incmorrhage  into  the 
anterior  chamber,  wliich  masks  the  natnre  of  the  injury.  En  some  ciiise^  the  lens  has  esj^aped 
thnmgh  the  rent  in  the  sclerotic,  and  lni8  been  fonntl  under  the  conjunctiva.  Wuumls  of  the 
sclerotic  are  alwuva  dangerous,  and  are  often  followed  by  inflammation,  snp[>nration,  and  by 
sympathetic  ophtuahnia. 

The  function  of  the  choroid  is  to  provide  nutrition  for  the  retina  and  to  convey  vessels  and 
nerves  to  the  ciliary  body  and  iris.  Inflammation  of  tlie  choroid  is  tlien:doro  followed  by  grave 
disturbiince  in  the  nutrition  of  the  retina,  and  is  attended  with  early  interference  with  vision. 
In  its  diseases  it  bears  a  considerable  analogy  to  those  which  aftect  the  skin,  and,  hke  it^ 
is  one  of  the  places  from  which  melanotic  sarcomata  may  crow.  These  luniors  contain  a  targe 
amount  of  pigment  in  their  cells^  and  grow  only  from  those  parts  where  pigment  m  natnndly 
present.  The  choroid  may  be  niptured  without  injury  to  the  other  *unit^,  as  well  as  panici|m- 
tiuir  in  genend  injuries  of  the  eyeball.  In  cases  of  uncomplicated  nif^ture  the  injun'  is  usually 
at  its  ptKsterior  purl,  m\A  is  the  result  of  a  blow  on  the  front  of  the  eye.  It  is  attcnrled  by  i-on- 
sideniole  ha>mi>rrhage,  which  fljr  a  time  may  obscure  vision,  but  in  most  eiises  this  is  restored  as 
soon  as  the  blood  is  absorbi^il. 

The  iris  is  the  seat  fd'  a  malformation,  tenned  cohJmmn,  which  ccmBi&ts  in  a  deficiency  or 
cleft,  which  in  a  great  nmn^>er  of  cases  is  clearly  <luc  to  an  arrest  in  development.  In  these  ca^s 
it  is  found  at  the  lower  aspect,  esttending  direcdy  downwanl  from  the  pnpiL  and  the  gap 
freiiuently  eitenfls  through  ine  choroid  to  the  cut  ranee  of  the  optic  nerve.  \i\  Hjme  ran^r  cases 
the  gap  is  found  in  other  parts  of  the  iris,  and  is  then  not  iisstMiitled  with  any  detitiency  of  the 
choroid.  The  iris  is  abunrlanily  supplied  with  l4o« id- vessels  and  nerves,  and  is  therefore  vep^ 
prone  to  l)ceomc  inflamed.  And  wlien  inflamed,  in  conse*|Uence  of  the  intimate  relationship 
which  exists  between  the  vessels  of  the  iris  and  choroid  tljis  latter  tunic  is  very  \\\)i  to  particijiate 
in  the  inflammation.  Anil,  in  addition,  inflammation  of  ailjiicent  structures,  the  cornea  and 
sclerotic,  is  apt  to  spread  into  the  iris.  The  iris  is  covered  witli  epithelium,  and  partakes  of  the 
character  of  a  seroiLs  membrane,  anil,  like  these  structures,  is  liable  to  |>our  out  a  plastic  exuda- 
tion when  inflaineJ.  and  cimtraci  adhesions^  either  to  the  corrma  in  front  ixtfHtrhiti  ttuUnor),  or 
to  the  capsule  of  the  lens  behind  (sf/nrcJtifi  pttstf'ritir).  In  iritis  the  h-ns  nniv  bec^mie  invfiKcd, 
and  the  comiition  known  as  secondary  cataract  may  l>e  set  up.  Tumors  occusionally  commcin'e  in 
the  iris;  of  these,  rysts,  which  are  usually  congenital  and  sarcomatous  tumors,  are  the 
most  ^-ommon  and  rerpiire  reniovaL  Gummata  are  not  nnfreqnently  found  in  this  sittia- 
tion.  In  some  tbrnis  of  injury  of  the  eyeball,  ils  the  imjiact  of  a  spent  shot,  the  rebound  of  a 
twig,  or  a  bluw  with  a  whip,  the  iris  may  Ix^  ilefached  Irom  the  Cilii^ry  musi^le,  the  aminmt  of 
detiic*hment  varying  from  the  slightest  degree  to  the  sejiamtion  of  the  whole  iris  from  itsciliaiy 
connection. 

The  retina,  with  the  exception  of  its  pigment-layer  and  it:s  vessels,  is  perfectly  transparent, 
so  as  to  be  invisible  when  examined  by  the  opbthalmoseiipe,  so  that  its  diseiksed  comlitions  are 
recognized  by  its  lo.ss  of  transparency.  In  retinitis,  ibr  instiince,  there  is  more  or  less  tlense  and 
extensive  opacity  of  its  structure,  and  not  unfrequenfbr'  exfmvasations  of  blood  into  its  sub- 
stance. fla^morrhBgcs  may  also  take  plat»e  int^j  the  retma  from  rupture  of  a  bluod-vessei  with- 
out inflammation. 

The  retina  nniy  Ixjcome  disphu^ed  from  effusion  of  serum  Wtween  it  and  the  choroid  or  by 
blows  on  the  eyeball,  or  may  occur  without  apparent  cause  in  progressive  myopia,  and  in  this 
case  the  ophthalmoscijpe  shows  an  opaque,  trcjuulous  cloud.  Glioma,  a  form  of  sartNjma,  and 
essentially  a  disease  of  early  fife,  is  oceaf'ionnlly  met  with  in  connection  with  the  retina, 

Tlie  lens  hsus  no  blood-vessels,  nerves,  or  i^KuncL-tive  tissue  in  its  structure,  and  therefore  is 
not  subject  to  thos^*  morbid  changes  to  which  tissues  containing  these  structures  are  liable.  It 
dfies.  however.  t)rcscnl  certain  morbid  or  abnormal  cunditions  of  various  kinds.  Thus,  variations 
in  shape,  absence  of  the  whole  i>r  a  \mn  of  the  lens,  and  displacements  are  amongst  its  congeni- 
tal deiei'ts.  Opacities  may  orvur  from  injury,  senile  clianges,  malnutrition,  or  errors  in  crowth 
or  development.     Senile  changes  may  take  place  in  the  lens,  impairing  its  elasticity  and  render- 
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inj?  it  harder  than  in  youth,  so  that  its  curvature  can  only  he  iiUered  to  a  limited  extent  by  the 
Ciliary  muscle.  And,  finallv^  the  lens  may  be  dislocated  or  displaced  by  blows  upon  the  eyeball, 
and  lis  relations  to  surroiiuJing  structures  akered  by  a<lhesioTj»  or  the  pressure  of  new  ^'rowths. 
There  are  two  particular  regions  of  the  eye  which  rer4uire  speeiaJ  notice :  one  of  these  is 
known  a8  the  ''  filtnition  areat"  and  the  other  iis  the  '^  da»igerc>us  area,"  The  fihration  area  is 
the  ein^umcorneal  zone  tnimediately  in  tront  of  the  iriH.  Here  are  situated  the  eavemou»  spaces 
of  Foiitaua,  which  eonmiuuic^tc  with  the  canal  of  Schlemm,  thruu^'h  which  the  chief  tmnsuda- 
tion  of  fluid  troui  the  eve  is  iniw  believed  to  take  jilace.  The  tftnif/rrous  arai  of  the  eye  is  the 
region  in  the  neigh borliood  of  the  ciliary  body,  and  wounds  or  injuries  in  this  situation  are 
pecidiarly  dangerous ;  tor  inflammation  of  the  eiliarj^  body  is  hable  to  spreafl  to  many  of  the 
other  structures  of  the  eye,  es|jecialiy  to  the  iris  and  ch#>roidT  which  are  intimately  connected  by 
nervous  and  vos/iular  supplier  Moreover,  wounds  which  involve  the  ciliarv  region  are  especially 
liable  to  W  followed  by  sympathetic  ophthalmia,  in  which  destructive  inflammation  of  one  eye 
IB  excited  by  some  irritation  iu  the  other. 

The  Appendages  of  the  Eye. 

The  appendages  of  the  eye  (tutamifm  oculi)  include  the  eyebrows,  the  eyelids, 
the  conjunctiva,  and  the  lachryraiil  apparatus — viz.  the  lachrymal  gland,  the 
lachrymai   sac,   and  the  nasal   diict. 

The  eyebrows  {gupercilia)  are  two  arched  eminences  of  integument  which 
surmount  the  upper  circiimference  of  the  orbit  on  each  side,  and  support  numer- 
ous short,  thick  hairs,  directed  obliquely  on  the  surface.  In  structure  the  eye- 
brows consist  of  thickened  integtiment,  connected  beneath  with  the  Orbicularis 
palpebrarum,  Corrugator  supercilii^  and  Occipito-frontalis  muscles.  These  mus- 
cles serve,  by  their  action  on  this  part,  to  control  to  a  certain  extent  the  amount 
of  light  admitted  into  the  eye. 

The  eyelids  (palpebral)  are  two  thin,  movable  folds  placed  in  front  of  the 
eye,  protecting  it  from  injury  by  their  closure.  The  upper  lid  is  tlie  larger 
and  the  more  movable  of  the  two,  and  is  furnished  with  a  separate  elevator 
muscle,  the  Levator  palpebrit  super iork.  When  the  eyelids  are  ojiened  an 
elliptical  space  (Jimitra  palpehrarum)  is  left  between  their  margins,  the  angles 
of  w^hich  correspond  to  the  junction  of  the  upper  and  lower  lids,  and  are 
called  i*anthi. 

The  outer  canthtis  is  more  acute  than  the  inner,  and  the  lids  here  lie  in  close 
contact  with  the  globe ;  but  the  inner  ainthus  is  prolonged  for  a  short  distance 
inward  toward  the  nose,  and  the  two  lids  are  sej)arated  by  a  triangular  space,  the 
lacu9  laehripnalh.  At  the  commencement  of  the  lacus  lacbrymalis,  on  the  margin 
of  each  eyelid,  is  a  small  conical  elevation,  the  lachrt^mal  papilla^  or  tubercle,  the 
apex  of  which  is  pierced  by  a  small  orifice,  the  punetum  hicJinpnale^  the  com- 
mencement of  the  lachrymal  canal. 

The  ei/elttshes  (tniift)  are  attached  to  the  free  edges  of  the  eyelids ;  they  are 
short,  thick,  curved  hairs,  arranged  in  a  double  or  tri])le  row  at  the  mui*gin  uf  the 
lids:  those  of  the  upper  lid.  more  numerous  and  longer  than  the  lower,  curve 
upward ;  those  of  the  lower  lid  curve  downward,  so  that  ihey  do  not  interlace  in 
closing  the  lids.  Near  the  attachment  of  the  eyelashes  are  the  openings  of  a 
number  of  glands^  t/lamh  of  Mohl.  arranged  in  several  rows  close  to  the  free 
margin  of  the  lid.  They  resemble  in  structure  a  jtortinn  of  a  sweat-gland,  and 
are  regarded  as  the  modified    sweat-glands  of  this  region. 

Structure  of  the  Eyelids. — The  eyelids  are  composed  of  the  following  struc- 
tures, taken  in  their  order  from  without  inward  : 

Integument,  areolar  tissue,  fibres  of  the  Orbicularis  muscle,  tarsal  plate 
(cartilage),  and  its  ligament.  Meibomian  glands  and  conjunctiva.  The  upper  lid 
has,  in  addition,   the  aponeurosis  of  the  Levator  palpebral. 

The  inteiftiment  is  extremely  thin,  and  continuous  at  the  margin  of  the  lids 
with  the  conjunctiva. 

The  gubeutaneous  areolar  tissue  is  very  lax  and  delicate,  seldom  contains  any 
fat,  and  is  extremely  liable  to  serous  infiltration. 

The  fibres  of  the  Orbitadaris  muscle,  where  they  cover  the  palpebne,  are  thin, 
pale  in  color,  and  possess  an  involuntary  action. 
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The  tarsal  plates  {eartiiage»)^  are  two  thin  elongated  plates  of  dense  connect- 
ive tisBue  about  an  inch  in  length.  They  are  placed  one  in  each  lid,  contribut- 
ing to  their  form  and  sufijjort 

The  superior,  the  larger,  18  of  a  semiliimir  form,  about  one-third  of  an  inch  in 
breadth  at  the  centre^  and  becorning  gradually  narrowed  at  each  extremity.  Into 
the  anterior  surface  of  this  plate  the  aponeurosis  of  the  Levator  palpehrge  is 
attached. 

The  inferior  tarsal  plate ^  the  smaller,  is  thinner  and  of  an  elliptical  form, 

The/ree  or  ciliarif  jnarfpn  of  these  plates  is  thick,  and  presents  a  perfectly 
straight  edge.  The  attached  or  orbital  marfjin  is  connected  to  the  circumference 
of  the  orbit  by  the  fibrous  membnmc  of  the  lids  with  which  it  is  continuons.  The 
outer  angle  of  each  plate  is  attached  to  the  malar  bone  by  the  external  palpebral 
or  tarsal  li^rametit.  The  inner  angles  of  the  two  [dates  terminate  at  the  com- 
menceinent  of  the  lacus  lachrymalis,  being  fixed  to  the  margins  of  the  orbit  by 
the  ten  do  oculi. 

Tfje  tarsal  Hqanient^  or  fihrousi  membrane  of  the  Udsy  is  a  layer  of  fibrous 
membrane  beneath  tbe  Orbicularis,  attached  marginally  to  the  edge  of  the  orbit, 
where  it  becomes  continuous  with  the  periostetim,  and  centrally  to  the  tarsal 
plate,  near  it5  ciliary  mnrguv,  with  the  tissue  of  which  it  is  continuous.  It  is 
thickest  and  densest  at  the  outer  part  of  the  orbit.  Upon  its  under  surface  is  a 
layer  of  unstriped  muscle,  which  in  the  upper  lid  passes  from  the  aponeurosis  of 
the  Levator  palpebne  muscle  to  the  tarsal  plate.  This  ligament  serves  to  support 
the  eyelids,  and  retains  the  tarsal  plates  in  their  position. 

The  3IeibomiaH  glands  (Fig,  537)  are  situated  upon  the  inner  surface  of  the 
eyelids  between  tlie  tarsal  [dates  and  conjunctiva,  and  may  be  distinctly  seen 
through  the  mneuus  membrane  on  everting  the  eyelids,  presenting  the  appear- 
ance of  parallel  strings  of  pearls.  They  are  about  thirty  in  number  in  the  upper 
eyelid,  and  somewhat  fewer  in  the  lower.  They  are  imbedded  in  grooves  in  the 
inner  surface  of  the  tarsal  plates,  and  corresiJoud  in  length  with  the  breadth  of 
each  plate ;  they  are,  eousequently,  longer  in  the  tipper  than  in  the  lower  eyelid. 
Their  ducts  open  on  the  free  margin  of  the  lids  by  minute  foramina,  which  cor* 
respond  in  number  to  the  fVdlicles.  The  peculiar  [Kirallel  arrangement  of  these 
glands,  side  by  side,  forms  a  smooth  layer  adapted  to  the  surface  of  the  globe, 
aver  which  they  constantly  glide.  The  use  uf  their  secretion  is  to  prevent  adhe- 
sions of  the  lids. 

Structure  of  the  Meibomian  Glands. — ^These  glands  are  a  variety  of  the  cuta- 
neous sebaceous  glands,  each  consisting  of  a  single  straight  tube  or  follicle,  hav- 
ing a  c^cal  termination,  and  with  numerous  small  secondary  follicles  opening 
into  it.  The  tubes  consist  of  basement  membrane,  covered  by  a  layer  of  scaly 
epithelium  ;  the  secondary  follicles  are  lined  by  a  layer  of  polyhedral  cells  con- 
tinuous with  the  cells  of  the  tube,  Tlie  remainder  of  the  follicle  is  filled  with 
large  [Hdyhedral  cells  charged  with  fat.  They  are  thus  identical  in  structure 
with  the  sebaceous  glands. 

The  conjmictiva  is  the  mucous  membrane  of  the  eye.  It  lines  the  inner  surface 
of  the  eyelids,  and  is  reflected  over  the  fijre  part  of  the  sclerotic  and  cornea,  In 
each  of  these  situations  its  structure  presents  some  pjeculiarities. 

The  palpebral  portion  of  the  eonjanctiva  is  thick,  opaijue,  highly  vascular,  and 
covered  with  numerous  papillte,  its  deeper  parts  presenting  a  considerable  amount 
of  lymphoid  tissue.  At  the  margin  of  the  lids  it  becomes  continuous  with  the 
lining  membrane  of  the  ducts  of  the  Meibomian  glands,  and,  throngh  the  lachrymal 
canals,  with  the  lining  membrane  of  the  lachrymal  sac  and  nasal  duct.  At  the 
outer  angle  of  the  ujiper  lid  it  may  be  trmced  alcmg  the  lachrymal  ducts  into  the 
lachrymal  gland,  and  at  tbe  inner  angle  of  the  eye  it  forms  a  semilunar  fob!, 
the  plica  s^'milunaris.  The  fobls  formed  by  the  reflection  of  the  conjunctiva  from 
the  lids  on  to  the   eye  are    called    the    i^nperior  ^nd  inferior  palpebral  folds^  the 

*Re**nt  observntioua  have  proved  thnt  the  so-called  **  tarstil  cartilage  "  do  not  tontmn  any  carti- 
Ja^ape-celH  nnd  t\ua  the  tiatiie  is  a  misnonier* 
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foriner  being  the  deeper  of  the  two.  Upon  the  sclerotic  iht  conjunctiva  is  loosely 
eoniiected  to  the  globe :  it  becomes  thinner,  loses  its  papillary  structure,  is 
trans|>arent,  and  only  slightly  vascular  in  health.  Upon  the  cornea  the  con- 
junctiva consists  only  of  epithelium,  constituting  the  anterior  layer  of  the  cornea 
(conjuQctival  epithelium)  already  <le.scrihed  (see  page  893).  Lymphatic»  arise  in  the 
conjunctiva  in  a  delicate  zone  around  the  cornea,  from  which  the  vessels  run  to 
the  ocular  conjunctiva. 

At  the  point  of  reflection  of  the  conjunctiva  from  the  lid  on  to  the  globe  of  the 
eye-,  termed  tbe/Vrrti.r  conJitm'tiva%  are  a  number  of  mucous  glands  which  are  much 
convoluted.     They  are  chietly  found  in  tbe  upper  lid.     Other  glands>  analogous  to 
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Fig.  537,— The  MelbomlAn  glunds.  etc,,  neen  from  the  Inner  iurlkce  of  the  cyeUd«, 


lymphoid  follicles,  and  called  by  Henle  trachoma  gland»^  are  found  in  the  con- 
junctiva, and,  according  to  Strohmeyer,  are  chiefly  situated  near  the  inner  cauthui* 
of  the  eye.  They  were  first  described  by  Brush,  in  his  description  of  Peyer's 
patches  of  the  small  intestines,  as  ''  identical  structures  existing  in  the  under  eye- 
lid uf  the  ox." 

The  nerves  in  the  conjtinctiva  are  numerous  and  form  rich  plexuses.  According 
to  Krause,  they  terminate  in  a  peculiar  form  of  tactile  corpuscle,  which  he  terms 
the  *'  terminal  bulb.'* 

The  caruncida  Itickri^ntalis  is  a  small,  reddish,  conical*shaped  body,  situated  at 
the  inner  cantbus  of  the  eye,  and  filling  up  the  small  triangular  space  in  this  situa- 
tion, the  hunis  lackrt/maUs,  It  consists  of  a  cluster  of  follicles  similar  in  structure 
to  the  Meibomian,  covered  with  mucous  membrane,  and  is  the  source  of  the  whitish 
Becretion  which  constantly  collects  at  the  inner  angle  of  the  eye.  A  few  slender 
hairs  are  attached  to  its  surface.  On  the  outer  side  of  the  caruncula  is  a  slight 
semilunar  fold  of  mucous  membrane,  the  concavity  of  which  is  directed  trAvard  the 
cornea;  it  is  called  the  plica  seirnhmaris,  Miiller  found  smooth  muscular  fibres 
in  this  fold^  and  in  some  of  the  domesticated  animals  a  thin  plate  of  cartilage  has 
been  discovered.  This  structure  is  considered  to  be  the  rudiment  of  the  third  eyelid 
in  birds,  the  menibrana  nictitana. 

The  Lachrymal  Apparatus  (Fig.  538). 

The  lachrymal  apparatus  consists  of  the  lachrymal  gland,  which  secretes  the 
tears,  and  its  excretory  ducts-^  which  convey  the  fluid  to  the  surface  uf  the  eye* 
This  fluid  is  carried  away  by  the  lachrymal  canals  into  the  lachrymal  sac,  and  along 
the  nasal  duct  into  the  cavity  of  the  nose. 

The  laclixymal  gland  is  lodged  in  a  depression  at  the  outer  angle  of  the  orbit, 
on  the  inner  side  of  the  external  angular  process  of  the  frontal  bone.     It  is  of  an 
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oval  fonn,  about  the  size  and  shape  of  an  almond.     Its  upper  convex  surface  is  in 

.contact  with  the  periosteum  of  the  orbit,  to  which  it  is  connected  by  a  few  iibrotid 
ibands.  Its  under  concave  surface  rests  upon  the  convexity  of  the  eyeball  and 
oipon  the  Superior  and  External  recti  muscles.  Its  vessels  and  nerves  enter  its 
'posterior  border,  whilst  its  anterior  margin  is  closely  adherent  to  the  back  part  of 
the  upper  eyelid,  where  it  is  covered  to  a  slight  extent  by  the  reflection  of  the  con- 
jtinctiva.  The  fore  part  of  the  gland  is  separated  from  the  rest  by  a  fibrous  septum  : 
hence  it  is  sometimes  described  as  a  sepamte  lobe,  called  the  palpebral  portion  of 
the  ffhind  {af?ce»8ortf  gland  of  Rosen mUll&r).  Its  ducts,  about  seven  in  number, 
run  obliquely  beneath  the  mucous  membrane  for  a  short  distance,  and,  separating 
from  each  other,  open  by  a  series  of  minute  orifices  on  the  upper  and  outer  half 
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of  the  conjunctiva  near  its  reflection  on  to  the  globe.  These  orifices  are  arranged 
in  a  row,  so  as  to  disperse  the  secretion  over  the  surface  of  the  membrane, 

Strueture  of  the  Laehrf/mal  G  la  ml.— In  structure  and  general  appearance  the 
lachrymal  resembles  the  serous  salivary  glands  (page  94t)).  In  the  recent  state  the 
culls  are  so  crowded  with  granules  that  their  limits  can  hardly  be  defined.  They 
contain  an  oval  nucleus,  and  the  cell-protoplasm  is  finely  lihrillated. 

The  lachrymal  canals  commence  at  the  minute  orifices,  pimeta  lachrymalia^ 
on  the  stjoimit  of  a  small  conical  elevation,  the  lachripnal  papilla^  seen  on  the 
margin  of  the  lids  at  the  outer  extremity  of  the  lacus  lachrvmalis.  The  suprrior 
rftmil^  the  smaller  and  shorter  of  the  two,  at  first  ascends,  and  then  bends  at  an 
acute  angle,  and  passes  inward  and  downward  to  the  lachrymal  sac.  The 
ifferior  faiml  at  first  descends,  and  then,  abruptly  changing  its  course,  passes 
almost  lioriitontally  inward  to  the  lachrymal  sac.  These  canals  are  dense  and 
elastic  in  structure  and  somewhat  dilated  at  their  angle*  The  mucous  membrane 
is  covered  with  scaly  ojiit helium. 

The  lachiymal  sac  is  the  upper  dilated  extremity  of  the  nasal  duct,  and  is 
lodged  in  a  deep  groove  fonned  by  the  lachrymal  bone  and  nasal  process  of  the 
superior  maxillary.  It  is  oval  in  form,  its  upper  extremity  being  closed  in  and 
rounded,  whilst  below  it  is  continued  into  the  nasal  duct.  It  is  covered  by  a  fibrous 
expansion  derived  from  the  tendo  oculi.  and  on  the  inner  side  it  is  crossed  by  the 
Tensor  tarsi  muscle  (Horner's  muscle,  page  895),  which  is  attached  to  the  ridge 
on  the  lachrymal  bone. 

Structure. — It  consists  of  a  fibrous  elastic  coat,  lined  internally  by  mucous 
membrane,  the  latter  being  continuous,  through  the  lachrymal  canals,  with  the 
mucous  lining  of  the  conjunctiva,  and,  through  the  nasal  duct,  with  the  pituitary 
membrane  of  the  nose. 
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The  saaal  duct  is  a  mem!>raiious  canal,  about  three-quarters  of  an  inch  ia 
length,  which  extends  from  the  lower  part  of  tlie  lachrymal  sac  to  the  inferior 
meatus  of  the  nose,  where  it  terminates  by  a  somewhat  expamled  orifice,  provided 
with  an  imperfect  valve,  the  valve  of  Hadutr,  formed  by  the  mucous  menihrane.  It 
is  contained  in  an  osseous  canal  formed  bj  the  superior  niaxilhiry^  the  lachrymal,  and 
the  inferior  turbinated  bones,  is  narrower  in  the  middle  than  at  each  extremity, 
and  takes  a  direction  di>wnward,  backward,  and  a  little  outward.  It  is  lined 
by  mncous  membrane,  which  is  continuous  below  with  the  pituitary  lining  of  the 
nose.  This  membrane  in  the  lachrymal  sac  and  nasal  duct  is  covered  with  ciliated 
epithelium  as  in  the  nose. 

Surface  Form.— The  piilpebml  fissure,  or  opening  between  the  eyelids,  h  elliptifnl  in  ehapei  ^ 
and  differs  in  size  in  (Ufft^ent  individuals  and  in  different  raees  of  mankind  In  tbt*  Monifnban 
races,  for  instance,  the  opyriini?  is  very  small,  njerely  n  tiiirruw  fissure,  and  this  makes  tlie  pve* 
ball  ai^pear  small  in  tliese  raees,  whereas  tbe  size  of  the  eye  is  relatively  very  constant,  T^be 
nonnal  direction  ut'  the  fissure  is  alightly  oblirpie.  in  a  direction  ui)Wiird  and  outward,  so  that  the 
outer  ande  is  on  a  slightly  highorlevel  than  tlie  inner  T\m  is  especiiilly  noticeable  iu  the  Mon- 
^'oljan  Tciees,  in  whom,  owing  to  the  upward  projection  of  the  malar  Ltune  and  the  shortness  of 
the  external  angular  proce^  of  the  frontal  bone,  rlie  tarsal  plate  of  tlie  upper  lid  is  mised  at  ita 
outer  part  and  gives  an  oblirpie  direction  to  the  palpebr^il  fitisure, 

W  hen  the  eyes  arc  diriK-ted  forward,  as  in  ordinary  viiiiun,  the  upper  fjart  of  the  cornea  is 
i*overtMl  by  the  ni>fK*r  lid,  and  the  lower  margin  of  the  cornea  correspond?  to  the  level  of  the 
Itiwcr  lid,  so  that  atwot  the  lower  threc-fourtlis  of  the  eoniea  is  exposed  under  ordinary  eiR'uni- 
&tan<;ei*.  On  the  margins  of  the  lids,  about  a  qitarter  of  an  incii  from  the  inner  eantbas,  are  two 
small  openinija.  the  pnnrtfi  fackn/mftlin.  the  commencement  of  the  lachrymal  canals,  lliey  are 
best  seen  by  everting  the  eyelids.  In  the  natural  condition  they  are  in  (Xiutaet  with  the  con- 
junetiva  of  the  eyeball,  and  are  maintained  in  this  position  by  the  Tensor  taisi  muM-le,  so  that 
the  tears  ranning  over  the  snrface  of  the  globe  easily  tind  their  way  into  the  laehr^iual  canak 
The  position  of  the  lachrymal  sac  into  which  the  canals  open  is  indicated  by  a  little  tulicrcle 
(page  224),  which  is  plainly  to  be  felt  on  the  lower  margin  of  the  orbit.  The  lachrj^mal  sac  hea 
immediately  above  and  to  the  inner  side  of  this  lubenle.  and  a  knife  passed  through  the  skin 
In  this  situation  wonlil  open  the  iravlty.  The  position  of  tbe  lachrymal  sac  may  abo  he  indicated 
by  t!u?  teudo  (x*uli  or  internal  tai-^il  ligament.  If  both  lids  t>e  drawn  outwartl,  so  as  to  tense  the 
skin  at  the  inner  angle,  a  [jruminent  cord  will  \xi  8c»cn  beneath  the  tightened  skin.  This  is  the 
tendfj  fjciih\  which  lies  imniedlately  over  the  lachrymal  sac,  bisecting  it,  and  thus  tunning  a  use* 
ful  guide  to  its  situation.  A  knife  entered  immediatelv  beneath  the  tense  cord  wuuld  open  the 
luwir  pLirt  of  the  sac.  A  probe  introduced  through  this  oi>ening  can  be  readily  ]>ttssed  down- 
ward thniugh  the  duct  into  the  inferior  meatus  of  the  nose.  The  diret!tion  of  the  duet  is  down- 
wardi  outward,  and  backward,  and  this  course  should  l>e  borne  in  mind  in  |)assing  the  j>robe, 
otherwise  the  point  may  be  driven  through  the  llun  Imjuv  walls  of  the  canal.  A  convenient 
(>lan  is  to  direct  the  probe  in  such  a  manner  that  if  it  were  piLshed  unward  it  would  strike  the 
hrst  molar  tooth  of  the  lower  jaw  on  the  same  side  of  the  body.  In  other  wimls.  the  surceon 
standing  in  front  of  Ids  patient  should  carry  in  his  mind  the  position  of  the  first  molar  tooth, 
and  sliould  push  his  probe  onward  in  such  a  way  as  if  he  desired  to  reach  this  structure. 

Beneath  the  Internal  angular  pnxx'ss  of  the  frontal  bone  the  pulley  of  the  Superior  obli(|ue 
muscle  of  the  eye  can  Ikj  plainly  felt  by  pushing  the  finder  backward  between  the  upper  and 
inner  angle  of  the  eye  and  the  roof  of  the  orbit;  passmg  backward  and  outward  from  this 
pulley,  the  tendon  can  be  felt  tor  a  short  distance. 

Surgical  Anatomy. — The  eyelids  are  composed  of  various  tissues,  and  consec|iiently  are 
liable  to  a  variety  of  diseases.  The  skin  which  covers  them  is  exceedingly  thin  and  deliimte.  and 
is  supported  on  a  quantity  of  loose  and  lax  sulx'Utaneous  tissue  which  contains  no  fat.  In  conse- 
quence of  this  it  is  very  freely  movable,  and  is  liable  to  be  dniwn  down  by  the  contraction  of 
neighlMjrlng  cicatrices,  and  thus  [>roiluee  an  eversion  of  the  lid  known  as  ectmpum.  Inversion 
of  tlie  lids  indropmn)  from  spasm  of  tbe  Orbicularis  palpebranini  or  from  chrcmic  inflammation 
of  the  paljR^bnd  conjunctiva  may  also  occur.  The  eyelids  are  richly  snpplied  with  bloiMl,  and  are 
often  the  seat  of  vas<'ular  growths,  such  as  naevi.  Rodent  nicer  also  frequently  commences  in 
this  situation.  The  loose  cellular  tissue  beneath  the  skin  is  liable  to  becume  extensively  infil- 
trated either  with  blood  or  infiamniattir}'  products,  pnxlucing  ver>'  great  sw^elling.  Even  from 
verv  .slight  injuries  to  this  tissue  the  extravasation  id'  blood  may  he  so  great  as  to  produce  e^^^msid- 
erable  swelling  of  the  lids  and  com olete  closure  of  the  eye.  and  the  simie  is  the  ease  when  Inflam- 
mat*jr>'  products  are  pourt:id  out,  Tbe  ffillieles  of  the  eyelashes  or  the  sehaeeous  glands  asstK'iated 
with  these  follicles  may  be  the  seat  of  inflammation,  constituting  the  ordinary  'Vsty.*'  The 
MeiWmian  glands  arc  aflbcted  in  the  so-called  'tarsal  tumor;  "  the  tumur,  accHnrding  to  some, 
being  caused  by  the  retained  sci-retion  of  thes<^  ylands:  by  others  it  Is  believed  to  be  a  neoplasm 
connected  with  the  ^dand.  The  eiliary  follirles  are  lialile  Ut  Ijecome  inflamed^  constituting  the 
disease  known  us  Urpftftn'tis  rt'liffrin,  ur  ''  blear-t*ye.  *  *  Irrei^ular  ur  ilistinlerly  growth  of  the  eye- 
lashes init  unfrcqucntly  occurs,  S4^*me  of  them  i>eing  turned  tnwani  the  eyeball  and  |jrodnc!ng 
inflammation  and  nlcenition  of  the  cornea,  and  jiossibly  eventually  complete  destruction  of  the 
eye.     The  Orbicid4iris  palpebrarum  may  be  the  seat  of  sposm^  cither  in  the  form  of  slight  qmv- 
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ering  of  the  lids  or  repeated  twitchings,  most  commonly  *lue  to  errors  of  refraction  bi  children, 
or  more  contimioiis  spaam,  due  to  some  imtation  of  the  fifth  or  seventh  eniTiial  nerve.  The 
Orbicularis  may  Imi  jjaralyzed,  generally  assot'iattd  with  paralysis  of  the  other  fat'ial  muscles. 
Under  thene  ^iR'umstaiK^es  the  patient  is  imable  to  i-lose  the  Vuh,  and.  if  he  attempts  to  do  so, 
nAh  the  eyel>a]l  upwanl  under  the  upper  lid.  Tlic  tears  overflow  fri>m  displacement  of  the 
lower  lid,  and  the  eoiyunctiva  and  cornea,  being  constantly  exposed  and  the  pat jcnt  being  tinable 
to  wink,  become  irritated  from  dust  and  foreign  bodies.  In  i>aralysis  of  the  I^cvator  t^alpebn© 
Huperioris  there  is  drooping;  of  the  tipjier  eyelid  and  other  symptoms  of  imphration  of  the  third 
nerve.  The  eyelids  may  be  the  seat  of  bruises,  wounds,  or  burns.  In  thesM:'  latter  irouries  adhe- 
sions of  the  mar^nns  of  the  lid»  to  each  other  or  adhesion  of  the  licJs  to  the  irlobe  may  take 
nlaee.  The  eyelids  are  ajmctimes  the  se^it  of  emphysema  after  fracture  of  sonte  of  the  thin 
tiones  forming  the  inner  wall  of  the  orbit.  If  shortly  after  such  an  injury  the  jiatient  blows  his 
nose,  air  is  forced  from  the  nostril  through  the  lacerated  structures  into  the  connective  tissue  of 
the  eyelids,  which  sudilenly  swell  up  and  present  the  peculiar  crackling  characteristic  of  tliis 
affection. 

The  laehrnnal  gland  is  occasionally^  though  mrelv,  the  seat  of  in6ammation,  either  acute 
or  chronic;  it  is  also  stjmetimes  the  seat  of  tumors.  bcniLm  or  mahenant,  and  lor  these  may 
reipiire  removal  This  may  be  done  by  an  incision  thruiitrh  the  skin  just  behiw  the  eyebrow; 
and  the  gland,  being  invested  with  a  special  capsule  of  its  own,  may  be  isolated  and  removed 
witiiout  opc^ning  the  ^enend  cavity  of  the  orbit.  The  canaliculi  may  be  olxstnieted,  either  as  a 
congenital  detect  or  by  .some  foreign  boily,  as  an  eyelash  or  a  dacryolith.  cxiusing  the  tears  to  run 
over  the  check.  The  canaliculi  may  also  bec^jme  »:H:-cluded  ns  the  result  of  hums  or  injun^ ;  over- 
flow of  the  tears  may  in  addition  result  from  deviatiun  id'  the  punct^i  or  from  chronic  inflamma- 
tion  of  the  lachr>^mEil  sac.  Thts  latter  condition  is  set  up  by  some  obstruction  to  the  nasal  duct 
frequently  occurring  in  tubercular  subjects.  In  eonsefpienee  of  tins  the  tears  and  mucns  accumu- 
late in  the  kiclirymal  sac,  distemlin^^  it.  Snnpuration  in  the  lachrymal  mc  is  sometimes  met 
with  ;  this  may  be  the  se^juel  of  a  chn>nie  intiaramatiMn  ;  or  may  occur  alter  some  of  the  erup* 
live  fevers  tit  cases  where  the  lachrymal  passages  were  previously  quite  healthy.  It  may  lead  to 
lachrymal  fistula. 

THE  EAE> 

The  organ  of  hearing  is  divisible  into  three  parts — the  external  ear,  the  middle 
ear  or  tympunnm.  and  the  internal  ear  or  lahyiinth. 

The  external  ear  consists  of  an  expanded  portion  named  phuui  or  auricli\  and 
the  aiulitury  canal,  or  mt^atHs.  The  former  serves  to  collect  the  vibrations  of  the  air 
by  which  sound  is  pniduced;  the  latter  conducts  those  vibrations  to  the  tympanmii. 

The  pinaa,  or  auricle  (Fig.  539),  is  of  an  ovidd  foi^m,  with  its  larger  end  directed 
upwar<i.  Its  outer  surface  is  irregularly  coneave.  directed  slightly  forward,  and 
presents  rinmenHis  etnineTtees  and  depressions  whidi  result  from  the  foldings  *>f  its 
fibro-cartilaginous  eletneni.  To  each  of  these  names  have  been  assigned.  Thus 
the  external  prominent  rim  of  the  auricle  is  called  the  heiii'.  Another  curved 
prominence,  parallel  with  and  in  front  of  the  helix,  is  called  the  tinfihelu' ;  this 
bifurcates  above,  so  as  to  enclose  a  triangular  depression,  the  fossa  of  the  antihelix. 
The  narrow  curved  depression  between  the  helix  and  antibelix  is  called  tbe/o««a 
of  the  itrUj:  {fo^iiitt  iunomitiata  or  sraj^hoidefi) ;  the  antibelix  tlescribes  a  curve 
round  a  deej),  capacious  cavity,  the  coneha,  which  is  jiartially  divided  inio  two 
parts  by  the  commencement  of  the  helix.  In  front  of  the  concha,  and  projecting 
backward  over  the  meatus*  is  a  small  pointed  c^minence,  the  tragus^  so  called 
from  its  being  generally  covered  on  its  under  surface  with  a  tuft  of  hair  resem- 
bling a  goat's  beard.  Opposite  the  tragus,  and  separated  from  it  by  a  deep  notch 
(hirisura  intert?'a{pea)  m -d  i^niM  tubercle,  the  anUt?*a(/us,  Below  this  is  the  /o/mie, 
composed  of  tough  areolar  and  adipiose  tissue,  wanting  the  firmness  and  elasticity 
of  the  rest  of  the  pinna. 

Strui'ture  if  the  J^intia.-^Uhe  pinna  is  composed  of  a  thin  plate  of  yellow  fibro- 
cartilage  covered  with  integument,  and  connected  to  the  surrounding  parts  by  the 
extrinsic  ligaments  and  muscles,  and  to  the  commencement  of  the  external 
auditory  canal . 

The  intf't/tmumt  is  thin,  closely  adherent  to  the  cartilage,  and  furnished  with 
sebaceous  glands,  which  are  most  niunerous  in  tlie  concha  and  scaphoid  fossa. 

The  cartihige  of  the  pinna  consists  of  one  single  piece:  it  gives  form  to  this 
part  of  the  ear,  and  upon  its  surface  are  found  all  the  eminences  and  depressions 
above  described.  It  does  not  enter  into  the  construction  of  all  parts  of  the 
auricle:   thus  it  does  not  form  a  constituent  part  of  the  lobule;  it  is  deficient 
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also  between  the  tragus  and  beginning  of  the  helix,  tht?  notch  between  them  being 

filled  u|>  by  dense  fibrous  tissue.     At  the  front  part  of  the  |>inna,  where  the  helix j 
bends  upward,  is  a  small  projection  of  cartilage,  called  the  procega  of  the  helix^ 
The  cartilage  of  the  pinna   presents  several  intervals  or  fissures  in  il«  substance 
which  partially  sefiarate   the   diflTcrent  parts.     The  fissure  of  the  helix  is  a  short 
vertical  slit  situated  at   the  fore  part  of  the  pinna,  immediately  behind  a  small 
conical  projection  of  cartilage,  opposite  the  first  curve  cd^  the  helix  (process  of  theJ 
helix).      Another  fissure,  the  fissure  of  the  tragus,  is  seen   upon  the  anterior  sur-| 
face  of  tfie  tragus.     The  antihelix 
is  divided  below,  by  a  deep  fissure, 
into  two  parts  :   one  part  termi- 
nates by  a  pointed,   tail -like  ex*  1iliBli|\i 
trem  i  t y  (  p  m  eem  us  ea  u  da  tns) ;  the  ,^^,«_ 
other  is  continuous  with  the  anti-  ^KtoWU^ 
tragus.       The    cartilage    of    the 
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Fm.  539.— The  pinna,  or  auricle. 
Outer  surfanv 


FtG,  540.— The  muscles  of  the  pinna. 


pinna  is  very  pliable,  elastic,  of  a  yellowish  color,  and  belongs  to  that  form  of 
cartilage  which  is  known  under  the  name  of  yellow  fibro-cartilage. 

The  fitfdmcnfs  'if  the  puma  consist  of  two  sets:  1.  The  extrinsic  set,  or  those 
connecting  it  to  the  f^idc  of  the  bead.  2.  The  intrinsic  set,  or  those  connecting  the 
various  parts  of  its  earrilage  together. 

The  exfrhiaif  liijaments^  the  most  important,  are  two  in  number,  anterior  and 
posterior.  The  anterior  ligament  extends  from  the  process  of  the  helix  to  the  root 
of  the  zygoma.  A  few  fibres  connect  the  tragus  to  the  root  of  the  zygoma.  The 
pffHfrrwr  liijaiiient  passes  from  the  posterior  surface  of  the  concha  to  the  outer 
surface  of  tlie   mastoid  process  of  the  temiiora!   bnne. 

The  ifttrittHic  lufattuitts  are  also  two  in  nombcr.  Of  these,  one  is  a  strong 
fibrous  band  stretching  across  from  the  tragus  to  the  commencement  of  the  helix, 
completing  the  meatus  in  front  and  partly  encircling  the  boundary  of  the  concha ; 
the  other  extends  between  the  concha  and  the  processus  caudatus. 

The  mtiiii'tt'ig  of  thr  pinna  {V'\^^.  540)  consist  of  two  sets;  1,  The  extrinsic, 
which  connect  it  with  the  side  of  the  heatl,  moving  the  pinna  as  a  whole — viz.  the 
Attollens,  Attrnhens,  and  Keti^ahens  au rem  (page  ^3^4);  and  2.  The  intrinsic^  which 
extend  from  one  part  of  the  auricle  to  another — viz, : 

Helieis  roajor.  Antitragicus. 

Ilelicis  minor.  Transversus  auriculae. 

Tragicus.  Obliquus  auris. 


914  THE    ORGANS   OF  SENSE. 

The  Museulus  kelieis  major  is  a  narrow  vertical  band  of  muscular  fibres,  situated 
upon  the  anferior  margin  of  the  helix.  It  ari,'?e!<  below  from  the  process  of  the 
helix,  and  is  inserted  into  the  anterior  border  of  the  belix,  just  where  it  is  about 
to  curve  backward.     It  is  pretty  constant  in  its  existence. 

The  3Iusculti8  fteHria  fimtor  is  an  oblique  fasciculus,  attached  to  that  part  of 
the   helix   which  commences  from   the   bt>ttom   of  the   concha. 

The  Trag{i')f»  is  a  .short,  flattened  band  of  muscular  fibres  situated  upon  the 
outer  surface  of  the  tragus,  the  direction  of  its  fibres  being  vertical. 

l!\ie  AiitifraipeHH  iivhQ%  from  the  outer  part  t>f  the  antitragus :  its  fibres  are 
inserted  into  the  processus  caudatus  of  the  helix.  This  muscle  is  usually  very 
distinct. 

The  Transver$U8  aurietilw  is  placed  on  the  cranial  surface  of  the  pinna.  It 
consists  of  radiating  fibres,  partly  tendinous  and  partly  muscular,  exteuding  from 
the  convexity  of  the  concha  to  the  prominence  corresponding  with  the  groove  of 
the  helix. 

The  OhliquuH  anns  (Todd)  consists  of  a  few  fibres  extending  from  the  upper 
and  back  part  of  the  concha  to  the  convexity  immediately  above  it. 

The  arteries  of  the  pmitaave — the  posterior  auiicuhir  from  the  external  carotid, 
the  anterior  auricular  from  the  temporal,  and  an  auricular  branch  from  the 
occipital  artery. 

The  veins  accompany  the  corresponding  arteries. 

The  nerves  are — the  auricularis  magnus,  from  the  cervical  plexus;  the  posterior 
auricular,  from  the  facial  to  the  muscles  of  the  pinna;  the  auricular  branch  of 
the  pneumogastric ;  the  auricub>-temporal  branch  of  the  inferior  maxillary  nerve ; 
the  occipitalis  minor  from  the  cervical  plexus;  and  the  occi|iitalis  major  or  internal 
branch  of  the  |K>sterior  division  of  the  second  cervical  nerve. 

The  Auditory  Canal  (meatus  auditorium  ertertiua)  extends  from  the  bottom 
of  the  concha  to  the  membrana  tympani.  It  is  about  an  inch  and  a  qmirter 
in  length  ;  its  direction  is  obHipiely  forward,  inward,  and  downward.  At  first  it 
slightly  ascends,  while  in  the  middle  portion  it  makes  a  8harp  lieod  backward.  It 
forms  an  oval  cylindrical  canal,  the  greatest  diameter  being  in  the  vertical  direction 
at  the  external  orifice,  but  in  the  transverse  direction  at  the  ty mi>auic  end.  The 
icalibre  ai*  the  canal  is  narrowest  abont  the  middle.  The  membrana  tympani,  which 
occupies  the  termination  of  the  meatus,  is  obli^pieK  directed,  in  consequence  of 
which  the  floor  of  the  canal  is  longer  than  the  roof,  and  the  anterior  wall  longer 
than  the  posterior.  The  auditory  canal  is  foiined  partly  by  cartilage  and  mem- 
brane, and  ])artly  by  bone,  and  is  covered  by  skin. 

The  eartiht(/i/ious  portion  is  about  half  an  inch  in  length,  being  rather  less  than 
half  the  canal ;  it  is  formed  by  tlje  cartilage  of  the  concha  and  tragus,  jirolonged 
inwai-d,  an<l  firmly  attached  to  the  circumference  of  the  auditory  process  of  the 
temporal  bone.  The  cartilage  is  deficient  at  its  up]*er  and  back  part,  its  place 
being  supplied  by  fibrous  membrane.  This  part  of  the  canal  is  rendered  extremely 
movable  by  two  or  three  dee|j  fissures  [tncisurce  Santorini),  which  extend  through 
the  cartilage  in  a  vertical  direction. 

The  oMSfotig  portion  is  about  three-quarters  of  an  inch  in  length,  and  narrower 
than  the  cartilaginous  portion.  Its  inner  end  is  marked,  except  at  its  upper  part. 
by  a  narrow  groove  (sulvtoi  ti/mpanicui*)  for  the  insertion  of  the  membrana  tym- 
pani. The  bony  ridge,  external  to  the  sulcus,  is  the  remnant  of  the  f«etal  /ywi- 
panic  ring^  It  also  is  deficietit  above,  and  this  deficiency  is  known  as  the  notrh 
of  Ttivinus.  The  enda  of  the  incomplete  ring  bound  tbe  notch,  and  are  known 
as  the  anterior  and  posterior  ttpnpaitie  mpftirs.  Its  outer  end  is  dilatecl,  and  rough, 
in  the  greater  part  of  its  circumference,  for  tbe  attachment  of  the  cartilage  of  the 
pinna.  Its  vertical  transverse  section  is  oval,  the  greatest  diameter  being  from 
above  downward.  The  front  and  lower  parts  of  this  canal  are  formed  by  a  curved 
plate  (tympanic  plate)  of  bone,  which,  in  the  foetus,  exists  as  a  separate  ring 
(tympanic  ring)  incomplete  at  its  upj^T   part 

The  skin  lining  the  meatus  is  very  tliin,  adheres  closely  to  the  cartilaginous 
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and  osseous  portion  of  the  tube,  and  covers  the  surface  €»f  the  raembrana  tympani, 
forming  its  outer  layer.  After  maceration  the  thin  pouch  of  epidenufs,  when 
withdrawn,  [jreserves  the  foim  of  the  meatus.  In  the  thick  subcutaneous  tissue 
of  the  cartilaginous  part  of  the  meatus  are  numerous  ceruminous  glands,  which 
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Tia,  541.— Tnnsrene  section  of  external  auditory  meatu*  and  tympanutn.    Left  side.    (Gegenbaur.) 

secrete  the  ear-wax.  They  resemble  in  structure  sweat-glands,  and  their  ducts 
open  on  the  surface  of  the  skin. 

The  arteries  suppl^^ing  the  meatus  are  branches  from  the  posterior  auricular, 
internal  maxillary,   and  temporal. 

The  /o/n'e«  are  chiefly  derived  from  the  auriculo- temporal  branch  of  the  inferior 
maxillary  nerve. 

Surface  Form. — At  the  point  of  junetioo  of  the  osseous  and  ciirtiliiitinons  portions  the  tube 
tonus  !iM  obtuse  an ^le,  which  projed>s  lutn  i\w  tub^f  at  its  anttTo-iiiferiyr  wiiU.  This  produces  a 
s<)it  i>f  foiistrirtion  in  this  situation,  and  renders  it  the  narnfwest  portion  of  the  canal — an  im- 
portant point  to  be  Iwnic  in  niitid  in  connection  with  t!ic  presence  of  tbreign  bt^tlies  in  the  ears. 
The  cartilaginous  is  {connected  t4i  tlie  bony  piirt  by  tibrons  tissue,  which  renders  the  outer  part 
of  the  tube  very  movable,  an>i  tberet'ore  by  drawing'  the  pinuii  ui>vvard  and  kickwanl  tlie  eanal 
is  rendered  ahuo.st  straight.  At  the  external  orifice  :ire  a  titw  i^liort,  eris^p  liairs  which  scr^e  to 
prevent  the  entmnce  of  tiinall  particles  otMust.  or  Hies  or  other  insects*  In  the  extenial  auditory 
meatus  the  secretion  of  the  ceruminous  gbnds  serves  to  catch  any  small  pi^rtieles  wliich  may 
find  their  way  into  the  canal,  and  prevent  their  reacliin^'  the  membrana  tymjiani,  where  their 
presence  miirbt  excite  irritation.  In  younjir  children  the  meatus  is  ver>^  e^horti  the  o.^^ous  part 
tieini:  very  deficient,  and  eonsistinir  merely  of  a  bony  rinif  (the  /i/nqmuic phtft)^  which  suji ports 
the  membnma  tympani.  Tn  the  foetus  the  osseous  part  is  entireiy  absent.  The  shortness  of  the 
eanal  in  ehildren  should  he  home  in  mind  in  introducing  the  aural  speeuluniT  so  that  it  be  not 
pushed  in  too  far,  at  the  ri^k  uf  injuring  t!ie  meud*n\na  tymt>ani ;  indeed,  even  in  theatlnlt  the 
apeculum  sliouM  never  be  intnnlueed  beyond  the  constriction  which  marks  the  junction  of  the 
oasecms  and  eartilairinous  portions.  In  nsinir  thi^?  instrumeut  it  is  advisable  that  the  pinna 
should  be  drawn  upward,  naekwanl,  ami  a  little  outward,  ,so  as  to  nuidcr  the  canal  ils  straight  as 
possible,  and  tlius  as,si.st  the  operator  in  ol>tainintj,  by  the  aid  of  reflected  li^ht,  a  ^'ood  view  of 
the  no^mbrana  tyuiiuini.  Just  in  front  of  tlie  membnme  In  a  welbmarked  dejiresaion,  situated 
on  the  floor  ol' the  cantd  and  bounded  by  a  stiinewhat  prominent  tidire ;  in  this  foreign  bodies 
may  become  lodged.  By  aid  of  the  speculum,  combined  with  traction  of  the  auricle  upward  and 
baekwani,  the  whole  of  the  membrana  tympani  is  rendered  visible.  It  is  a  pearly -|rray  mcin- 
brane,  slightly  disteniusr  lu  the  adult,  placed  obb<picly,  sous  to  form  with  the  floor  of  the  meatus 
a  very  acute  aui^le^  while  with  the  roof  it  tbnns  an  obtnsi^  auirle.  At  birth  it  is  more  horizontal, 
sitnuted  in  almost  the  same  plane  as  the  base  of  the  skull.  About  midway  between  the  anterior 
and  posterior  margins  of  the  membrane,  and  extending  from  the  eentre  obliquely  upward,  tsaJ 
redilish  yellow  streak  ;  this  is  the  handle  of  the  niallcufi,  which  is  inserted  into  the  membrane,  " 
At  the  upjKT  part  of  this  streak,  close  to  the  roof  of  tlie  meatus,  a  little  white  rounded  prr>mi- 
nenee  is  plainly  to  be  M*en ;  this  is  the  |>rocesHUs  brcvif*  of  the  malleus,  projecting  against  the 
metnbnmc^  The  membrarui  tympani  does  not  nreseut  a  plane  surface ;  on  the  contrary,  it^  centre 
is  drawn  inward,  on  account  ot  its  eonnei;riUii  wkii  the  handle  of  the  malleu3|  and  thus  the 
external  stirface  is  rendered  concave. 
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Middle  Ear,  or  Tympanum. 

Tho  middle  ear,  or  tympaEum,  is  an  irregular  cavity,  compressed  from  without 
inward,  and  .situated  within  the  petrous  bone.  It  is  placed  above  the  j:)gular  fossa  : 
the  carotid  eaimi  lying  in  front,  the  mastoid  cells  behind,  the  meatus  aiiditoriiis 
externally,  and  the  liibyrintlj  inreriially.  It  is  filled  w  ith  air,  and  communicates  with 
the  piiarynx  by  the  Eustaehian  tube.  The  tympannm  is  traversed  by  a  chain  of 
movable  bimes.  which  connect  themembruiKi  tyuipani  with  the  labyrinth,  and  serve 
to  convey  the  vibrations  crmimtjnicated  to  the  membrana  tym|)aui  across  the  cavity 
of  the  tympanum  to  the  internal  ear. 

The  caiHty  of  the  tt/mpatium  measnres  abont  five  lines  from  before  backward, 
three  lines  in  the  vertical  <]ireciion,  and  between  two  and  thn?e  in  the  transverse, 
beintj^  a  little  broader  behind  and  above  than  it  is  below  and  in  front.  It  is  bounded 
externally  by  the  niembrana  tymyiani  and  meatus,  internally,  liy  the  outer  surface 
of  the  internal  ear,  and  communicates,  behind,  with  the  mastoid  cells,  and  in  front 
with  the  Eustachian  tube  and  canal  for  the  Tensor  tympani.  Its  roof  and  Hoor  are 
formed  by  thin  osseous  lamime,  the  one  forming  the  roof  being  a  thin  plate  situated 
on  the  anterior  surfjiee  of  the  j^etrons  portion  of  the  tem[»oral  bt*ne,  close  to  its 
angle  of  junction  with  the  srjnamous  portion  of  the  same  bune. 

The  roof  is  broad,  flattened,  and  formed  of  a  thin  plate  of  bone  which  separates 
the  cianial  and  tympanic  cavities. 

The  floor  is  rnu'row,  and  corresponds  to  the  jugidar  fossa,  which  lies  beneath. 
It  presents,  near  the  inner  wall,  a  small  aperture  for  the  passage  of  Jacobson's 
nerve. 

The  outer  wall  is  formed  nuiinly  by  the  meinbrana  tymi>ani,  partly  by  the  ring 
of  bone  into  which  this  mend>rane  is  inserted.  Close  to  it  are  three  small  apertnres^ — 
the  iter  chordie  posterius,  the  Glaserian  fissure,  and  the  iter  chorda^  anterius. 

The  aprrfHre  *4  the  iter  cftordip  panft'TtUit  is  in  the  angle  of  junction  between  the 
posterior  and  external  walls  of  the  tympanum,  immediately  behind  the  meinbrana 
tympani  and  on  a  level  with  its  centre;  it  leads  inti>  a  minute  canal,  which  descends 
in  front  of  the  a([iieductus  Fallojui  and  terminates  in  that  canal  near  the  stylo- 
nastoid  foramen.   Through  it  the  chorda  tympani  nerve  enters  the  tympanum. 

The  Glaserftrn  fcwn' opens  just  above  and  in  front  of  the  ring  of  bone  into 
which  the  membrana  tympani  is  inserted;  in  this  situation  it  is  a  mere  slit  about 
a  line  in  length.  It  lodges  the  long  process  of  the  malleus  and  gives  [►assage  to 
some  tym|ianic  vessels. 

The  ftptrtttri'  of  the  iter  chonhr  afiteriin^  is  seen  just  above  the  preceding  fissure  ; 
it  leads  into  a  canal  (eanaf  of  HHijuier),  which  runs  parallel  with  the  tilaserian 
fissure.     Through  it  the  chorda  tympani  nerve  leaves  the  tympanum. 

The  intemal  wall  of  the  tympanum  (Fig.  fA''l\  is  vertical  in  direction  and  looks 
directly  outward.     It  presents  for  examination  the  following  parts: 

Fenestra  ovalis.  Kidge  of  the  aqueduclus  Fallopii. 

Fenestra  rotunda.  Promontory, 

The  fenestra  oimlw  is  a  reniform  opening  leading  frr)m  the  tympanum  into 
the  vestibide:  its  long  diameter  is  directed  horizontally,  and  its  convex  border  is 
ujjward.  The  opening  in  the  recent  state  is  occujiied  by  tiie  base  of  tlie  stapes, 
which  is  connected  to  the  margin  of  the  foramen  by  an  annular  ligament. 

'Th^  fenestra  rotundtt  is  an  aperture  placed  at  the  bottom  of  a  funnel-shaped 
depression  leading  into  the  cochlea.  It  is  situated  below^  and  rather  behind  the 
fenestra  ovalis.  from  which  it  is  se}ia rated  by  a  rotmded  elevation,  the  prom ontofy ; 
it  is  closed  in  the  recent  state  l*y  a  niembrane  [meftthmtfit  ttfrnpani  setuindaria^ 
Scarpa).  This  membrane  is  concave  toward  the  tympsniom,  convex  toward  the 
cochlea.  It  consists  of  three  layers:  the  extermil,  or  mucous,  derived  from  the 
mucous  lining  of  the  tym|ianum  ;  the  internal,  or  serous,  from  the  lining  membrane 
of  the  corhlea  ;  and  an  intermediate,  or  fibrous  layer. 

The  promo fdttn/  is  a  rounded  hollow  prominence,  formed  by  the  projection 
outward  of  the  first  turn  of  the  corhlea  :    it  is  placed  between  the  fenestrse^  and 
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19  furrowed  on  its  surface  by  tbrec  small  grooves  whicli  lodge  branches  of  the 
tympanic  plexus. 

Tlie  rnuwied  emlnenee  of  the  aqueductus  Fallopti^  the  prominence  of  the  bony 
canal  in  which  tbe  portio  dura  is  contained,  traverses  the  inner  wall  of  the  tym- 
panum above  the  fenestra  ovalis,  and  behind  that  opening  curves  nearly  vertically 
d(juuwanl  along  the  posterior  walL 

The  posterior  waU  of  tlie  tjnnpannm  is  witter  above  than  below,  and  presents 

for  examination  the         ,  ^  c  j.\  *  •  i 

Opening  uf  the  raastuid  antrum. 

Pyramid. 

The  mastoid  antrum  is  an  irre^^ular  cavity  with  several  small  apertures  opening 
into  it,  situated  above  and  behind  the  tympanum  proper;  the  smaller  openings 
lead  into  canals  which  communicate  with  large  irregular  cavities  contained  in  the 
interior  of  the  mastoid  process.     These  cavities  vary  considerably  in  number, 

MitOm  PaOop. 

ixinoijot  kna.  tymp. 


Gnwv  fair  Jaeobt0m*4  wfpe 
Fenegtra  rotunda 
C^n.  /or  rhitrrfn  ttjmpani 

Fig.  542,— AntercvpiosteTior  section  through  the  tjnnpanuin-    (Gegenbanr,) 

size,  and  form  ;  they  are  lined  by  mucous  membrane  continuous  with  that  lining 
the  cavity  of  the  tympanum.  Just  below  the  opening  of  the  antrum  is  the 
pyramid.  The  antrum  really  opens  into  an  npward  and  backward  prolongation 
of  the  tympanum,  known  as  the  attic  or  epkifm panic  recess,  in  which  are  situated 
the  head  of  the  mnlieu:=i  and  greater  part  of  the  incus  (Fig.  ri43), 

The  /jf/nimid  is  a  conical  eminence  situated  imnicduitely  behind  the  fenestra 
ovalis,  and  in  front  of  the  vertical  portion  of  the  Fallopian  eminence  above 
described;  it  is  hollow  in  the  interior,  and  contains  tbe  J^tapedins  muscle;  its 
summit  projects  forward  toward  the  fenestra  ovalts,  and  presents  a  small  aperture 
which  transmit.^  the  tendon  of  the  muscle.  The  cavity  in  the  pyramid  is  pro- 
longed into  a  minute  canal,  which  communicates  with  the  av|ueductus  Fallopii 
and  transniits  the  nerve  which  supplies  the  Stapedius. 

The  anterior  waU  of  the  tympanum  corresponds  to  the  carotid  canal,  from 
which  it  is  separated  by  a  thin  plate  of  bone.     It  presents  the 

Canal  for  the  Tensor  tympani  muscle.  Orifice  of  the  Eustachian  tube. 

The  jirocessus  cochleariformis. 

The  orifices  of  the  canal  for  the  Tensor  tym|iani  and  of  the  Eustachian  tube 
are  separated  from  each  other  by  a  thin,  delicate,  horizontal  plate  of  bone,  tbe 
prof'eBsus  cochleariformis.  These  canals  run  from  tbe  tympanum,  forward, 
inward,  and  a  little  downward,  to  the  retiring  angle  between  the  squamous  and 
petrous  portions  of  the  temporal  bone. 

The  canal  fttr  the  Tensor  tt/mpani  muscle  is  the  superior  and  the  smaller 
of  the  two ;  it  is  rounded,  and  lies  beneath  the  upper  surface  of  the  petrous  bone, 
close  to  the  hiatus  Fallopii  (Fig.  542). 

The  Eustachian  tube  is  the  channel  through  which  the  tympanum  communi- 
cates with  the  pharynx.  Its  length  is  from  an  incli  and  a  half  to  two  inches,  and 
its  direction  downward,  forward,  and  inward.  It  is  formed  partly  of  bone,  partly 
of  cartilage  and  fibrous  tissue. 
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Moor 
PromofUon 
Fall  op. 

Fm.M3,— Anteroposterior  section  through 
the  tyuijwmum.    ((rt)feiil>aur.) 


Fig.  544.— Trnnsverne  seottoxi 
of  tba  Eii^turlijafi  tube,  <t. 
Abovf,    Ik  At  t\\mut  Urn  oiiddle. 

C.   A I  lis  hjtWlT  |lArt. 


The  osseoug  portion  is  about  half  an  inch  in  length.  It  commences  in  the  lower 
part  of  the  anterior  wall  of  the  tympanum,  below  the  processus  cocLleariformis, 

and,  ^nuiually  narrowing,  terminates  in  an 
oval  (iilated  ojienhig  at  tlie  angle  of  jtmction 
of  the  petrous  and  squamous  jiortions,  its  ex- 
tremity presenting  a  jagged  margin  which 
serves  for  the  att^ichment  of  the  cartilaginous 
portion. 

The  enrfllaffinoua  jiorliotK  about  an  inch 
in  length,  is  formed  of  a  triangular  plate  of 
elastic  fibro-cartilage,  curled  upon  itself,  an 
interval  being  left  below,  between  the  margina 
of  the  cartihige,  which  is  completed  by  fibrous 
and  muscular  tissue.  Its  canal  is  niirrow 
behimb  wide,  expanded.  an(i  somewhat  trura- 
pet-nhaped  in  front,  terminating  by  an  oval 
orifice  at  the  upper  part  and  side  of  the  jiharynx,  behind  the  back  jiart  of  the  infe- 
rior meatus.  Through  this  canal  the  njueous  membrane  of  the  pharynx  is  contin- 
uous with  that  which  lines  the  tympanum.  The  mucous 
membrane  is  covered  with  ciliated  epithelium  (Fig*  044). 
The  meMbrana  t3^inpaiii  separates  the  cavity  of  the 
tympanum  froui  the  bottom  of  the  external  meatus.  It 
a  thin,  semi-transparent  membrane,  nearly  oval  in 
form,  somewhat  broailer  above  than  below,  and  directed 
very  obliquely  downward  and  inward.  Its  circumfer- 
ence is  contained  in  a  groove  at  tlie  inner  end  of  the 
meatus,  which  skirts  the  circumference  of  thi,*^  part,  ex- 
cepting above.  The  portion  filling  in  the  nott-h  of  Hhntius  (see  above)  is  looser 
in  texture  than  the  remainder,  and  is  known  as  the  menilirana  Ji/rfflJa,  The 
handle  of  the  malleus  descends  vertically  between  the  inner  and  middle  layers  of 
this  membrane  as  far  down  as  its  centre,  where  it  is  firmly  attached,  drawing  the 
membrane  inward,  so  that  its  outer  surface  is  concave,  its  inner  convex*  The 
middle  of  the  concavity  is  known  as  the  umbo. 

Structure. — This  membrane  is  composed  of  three  layers,  an  external  (cuticular), 
a  middle  (fibrous),  and  an  internal  (mucous).  The  cutknihtr  iitiinfj  is  derived  from 
the  integument  lining  the  meatus.  The  fibroit a  lai^er  consists  of  fibrous  and  elastic 
tissues  ;  some  of  the  fibres  radiate  from  near  the  centre  to  the  circumference  ;  others 
are  arranged,  in  the  form  of  a  dense  circulai"  ring,  round  the  attached  margin  of 
the  membrane.  The  murous  imhifj  is  derived  from  the  mucous  lining  of  the 
tympanum.  The  vessels  pass  to  the  memhrana  tympani  along  the  handle  of  the 
malleus,  and  are  distributed  between  its  layers. 

Ossicles  of  the  T^rmpaiiiim  (Fig,  545). 

The  tympanum  is  traversed  by  a  chain  of  movable  bones  three  in  number,  the 
vitifieitif^  infUii,  and  stupes.  The  former  is  attached  to  the  membrana  tympani,  the 
latter  to  the  fenestra  ovalis»  the  incus  being  place*!  between  the  two,  to  both  of 
which  it  is  connected  by  delicate  articulations. 

The  Malleus,  so  named  from  its  fancied  resemblance  to  a  hammer,  consists  of 
a  head,  neck,  and  three  processes— the  handle  or  manubrium,  the  processus  gracilis, 
and  the  processus  brevis. 

The  head  is  the  large  upper  extremity  of  the  bone;  it  is  oval  in  shape,  and 
articulates  posteriorly  with   the  incus,  l>eing  free  in  the  rest  of  its  extent. 

The  w^f^A"  is  the  narrow^  contracted  {lart  jiist  heneath  the  head,  and  below  this 
is  a  prominence  to  which  the  various  processes  are  attached. 

The  fnanuhnum  is  a  vertical  |irocess  of  bone  which  is  connected  by  its  outer 
margin  with  the  memhrana  tymfiani.  It  decreases  in  size  toward  its  extremity, 
where  it  is  curved  slightly  forward,  and  flattened  from  within  outward.     On  the 
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PtG.  545r— The  imall  bonca  of  the  ear.  seen 
from  the  outside.    (Enlarged.) 


iDDer  Bide,  noar  hs  tipper  end,  is  a  alight  projection,  into  which  the  tendon  of  the 

Ten.sor  tympani  is  inserted. 

The  processus  gracilis  is  a  long  and  very  delicate  process  which  passes  from 
the  eminence  below  the  neck  forward  and  outward  to  theGlaserian  fissure,  to  which 
it  is  connected  by  bone  and  liganientouB  fibres* 

The /?n>rt'«*w*f  brevia  is  a  slight  conical  pnijection  which  springs  from  the  root 
of  the  manubrium,  and  lies  in  contact  with  the  menibrana  tympani* 

The  Incns  has  received  its  name  from  its  supjmsed  resemblance  to  an  anvil, 
but  it  is  mnre  like  a  bicuspid  tooth,  with  two  root^,  which  differ  in  length  and  are 
widely  separated  from  each  other.     It  consists  of  a  body  and  two  processes. 

The  bodif  is  somewhat  *|uadrilatera!.  but  compressed  laterally.     On  the  anterior 
surface  of  its  summit  is  a  deeply  concavo-convex  facets  which  articulates  with  the 
malleus  ;  in  the  fresh  state  it  is  covered  with 
cartilage  and  lined  with  synovial  membrane. 

The  two  processes  diverge  from  one  another 
nearly  at  right  angles. 

The  short  proet'sa,  somewhat  conical  in 
shape,  projects  nearly  horiEontallj  backward, 
and  is  attached  to  the  margin  of  the  opening 
leading  into  the  mastoid  cells  by  ligamentous 
fibres. 

The  long  proems^  hmger  and  more  slender 
than  the  preceding,  descends  nearly  vertically 
behind  and  parallel  to  the  handle  of  the  mal- 
leus, and,  bending  inward,  terminates  in  a 
rounded  globular  projection,  the  us  orbtndare, 
or  lentwular  process,  which  is  tipped  with  cartilage  and  articulates  with  the  head 
of  the  stapes.  In  the  ftietus  the  os  orbiculare  exists  as  a  separate  bone,  but 
becomes  united  to  the  long  process  of  the  incus  in  tije  adult. 

The  Stapes,  so  called  fmm  its  ch>se  resemblance  to  a  stirrup,  consists  of  a  head, 
neck,  two  hriiuches,  and  a  base.  The  /natJ  j)resents  a  de]>ression,  tipped  with 
cartilage,  which  articubites  with  the  os  orbiculare.  The  Hfv/r,  the  constricted 
part  of  the  bone  below  the  head,  receives  the  insertion  of  the  Stapedius  muscle. 
The  two  Itraneftes  {crura)  diverge  from  the  neck,  and  are  connected  at  their  ex- 
tremities by  a  flattened,  oval-shaped  plate  (the  iHtm'),  which  forms  the  foot  of  the 
stirrup,  and  is  fixed  to  the  margin  of  the  fenestra  ovidis  by  ligamentous  fibres. 

Ligaments  of  the  Ossicnla. — ^These  small  bones  are  connected  with  each  other 
and  witli  the  walls  of  the  tympanum  by  ligaments,  and  moved  by  small  muscles. 
The  articular  surfaces  of  the  malleus  and  incns  and  the  orbicular  process  of  the 
inctts  and  head  of  the  stapes  are  covered  with  cartibige,  connected  together  by 
delicate  capsular  ligaments  and  lined  by  synovial  membrane.  The  ligaments  con- 
necting the  nssicnla  with  the  walls  of  tiie  tympanum  are  four  in  ntnuber — two  for 
the  malleus,  one  for  the  incus,  and  one  for  the  stapes. 

The  anteriur  Ittfament  of  the  malteiiii  wan  formerly  described  by  Sommerring  as 
a  muscle  {Laxator  tt^mpani).  It  is  now,  however,  believed  by  most  observers  to 
consist  of  ligamentous  fibres  only.  It  is  attached  by  one  extremity  to  the  neck 
of  the  malleus,  just  above  the  processus  gracilis,  and  by  the  other  to  the  anterior 
wall  of  the  tympanum,  close  to  the  Glaserian  fissure,  some  of  its  fibres  being  pro- 
longed through  the  fissure. 

The  m»pensori/  Itqument  of  the  malleus  is  a  delicate,  round  bundle  of  fibres 
which  descends  perpendicularly  from  the  roof  of  the  tympanum  to  the  head  of  the 
malleus. 

The  posterior  ligament  of 'the  mens  is  a  short,  thick,  ligamentous  band  which 
connects  the  extremity  of  the  short  process  of  the  incus  to  the  posterior  wall  of  the 
tympanum,  near  the  margin  of  the  opening  of  the  mastoid  cells. 

The  mifiufar  Ikfument  of  the  stapes  connects  the  circumference  of  the  base  of 
this  bone  to  the  margin  of  the  fenestra  o valla. 
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A  auspensort/  lityament  of  the  incus  h^B  been  described  by  Arnold,  descending 
from  the  roof  of  the  tympanum  to  the  upper  part  of  the  incus,  neur  its  articulation 
with  the  malleus. 

The  muscles  of  the  tympamim  are  two  ; 

Tensor  tympaiii.  Stapedius. 

The  Tensor  tympanh  the  larger,  is  coDtained  in  the  bony  canal  above  the 
r088eou3  portion  of  the  Eiistachian  tube,  from  which  it  is  separated  by  the  processus 
cochleariforrais.  It  arises  from  the  under  surface  of  the  petrous  bone,  from  the 
cartilaginous  portion  of  the  Eustachian  tube,  and  from  the  osseous  cana!  in  which 
it  is  contained*  Passing  backward  through  the  canal,  it  terminates  in  a  slender 
tendon  which  enters  the  tympanum  and  makes  a  sharp  bend  outward  round  the 
extremity  of  the  processus  cochlear iformis,  and  is  inserted  into  the  handle  of  the 
malleus  near  its  root.     It  is  aupjdied  by  a  branch  from  the  otic  ganglion. 

The  ShipeditiM  arises  from  the  side  of  a  conical  cavity  hollowed  out  of  the  inte- 
rior of  the  pyramid;  its  tendon  emerges  from  the  orifice  at  the  apex  of  the  pyra- 
mid^ and,  imssing  forward,  is  inserted  into  the  neck  of  the  stapes.  Its  surface  is 
iponeurolic,  its  interior  fleshy,  and  its  tendon  occasionally  contains  a  slender  bony 
Bpine,  which  is  constant  in  some  mammalia.  It  is  supplied  by  the  tympanic 
branch  of  the  facial  nerve. 

^4 t'f /(>««. ^The  Tensor  tympani  draws  the  membrana  tympani  inward  and  thus 
heightens  its  tension.  The  Stapedius  draws  the  bea<i  of  the  stapes  backward,  and 
thus  causes  the  base  of  the  bone  to  rotate  on  a  vertical  axis  drawn  through  its  own 
centre :  in  doing  this  the  back  part  of  the  base  would  be  pressed  inw ard  toward 
the  vestibule,  while  the  fore  part  would  be  drawn  from  it.  It  probably  compresses 
t  h  e  c*>n  t  en  \  s  o  f  t  h  e  v  es  t  i  b  \  1 1  e . 

Themucoiis  membrane  of  the tympanmn  is  thin,  slightly  vascular,  and  continuous 
with  the  mucous  membrane  of  the  ]iharynx  throiigb  the  Eustachian  tube.  It 
invests  the  ossicula  and  the  muscles  and  nerves  contained  in  the  tympanic  cavity, 
forms  the  internal  layer  of  tbe  membrana  tympani,  covers  ihe  foramen  rotundum, 
and  is  reflected  into  t!ie  mastoid  cells,  which  it  lines  tbroughoot.  In  the  tympanum 
ami  mastoid  cells  this  membrane  is  pale,  thin,  slightly  vascular^  and  covered  with 
ciliated  epithelium.  In  tbe  osseous  portion  of  the  Eustacliian  tube  tbe  membrane 
is  thin,  but  in  the  cartilaginous  portion  it  is  very  thick*  bighly  vascular,  covered 
with  laminar  ciliatt-d  epithelium,  and   provided  with  numerous  mucous  glands. 

The  arteries  supplying  the  tympanum  are  six  in  number.  Three  of  them  are 
larger  than  tbe  rest — viz.  the  tympanic  branch  of  the  internal  maxillary,  which 
supplies  tbe  membrana  tympani  ;  tbe  Vidian  and  the  stylo-mastcurl  branch  of  the 
posterior  auricular,  which  supplies  the  back  part  of  the  tympanum  aTid  mastoid 
cells.  The  smaller  branches  are — the  petrosal  branch  of  the  middle  meningeal, 
which  enters  through  the  hiatus  Fallopii  ;  a  branch  from  the  ascending  pharyngeal, 
and  another  from  the  Vidian  wliich  puss  up  the  Eustachian  tubt*:  and  the  tympanic 
branch  fnun  the  internal  carotid,  given  off  in  tbe  carotid  canal  and  pt^rforating  the 
thin  anterior  wall  of  the  tympanum. 

The  veins  of  the  tympamim  terminate  in  the  temporo-nuixillary  vein  and  in 
the  superior  petrosal  sinus. 

The  ttenres  of  the  tympanum  may  be  divided  into — 1,  thos"  supplying  the 
muscles;  2,  those  distributed  to  the  lining  membrane  ;  8,  branches  communicating 
with  other  nerves. 

Nerves  to  Mi{»rJe». — The  Tensor  tympani  is  supfdied  by  a  branch  from  the  otic 
ganglion ;  the  8ta]>odius,  by  the  tympanic  branch  of  the  facial  (Siimmerring). 

The  nerves  dktributed  to  the  Unim/  fuembrane  are  derived  from  tbe  tympanic 
plexus. 

The  rommnnicatimtM  which  take  place  in  the  tympanum  are  between  the 
tympanic  branch  of  the  glosso-pharyn^eal  with  the  sympathetic  and  with  filaments 
derived  from  tbe  intumescentia  gan|^lioformis  of  tbe  facial. 

The  tipHpank'  branch  of  ihe  i/Ioaao-phart/m/eal  (Jacubson's   nerve)  enters  the 
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tympanum  by  an  aperture  in  its  floor,  close  to  the  inner  wall,  and  divides  into 
branches  which,  are  contained  in  grooves  upon  the  surface  of  the  promontory 
formini^  the  tympanic  plexus. 

Its  branches  of  distribution  are — one  to  the  fenestra  rotunda,  one  to  the  fenestra 
ovalis,  and  one  to  the  lining  membrane  of  the  tympanum  and  Eustachian  tube. 

Its  branches  of  commumeation  are  three,  and  occupy  separate  grooves  on  the 
surface  of  the  promontory.  One  branch,  the  small  deep  petromU  arches  forward 
and  downward  to  the  carotid  canal  to  join  the  carotid  plexus.  A  second,  the  lovtj 
petroml  nerve ^  runs  forward  through  a  canal  close  to  or  in  the  processus  cochieari- 
formis,  and  enters  the  foramen  lacerum  medium,  where  it  joins  the  carotid  plexus 
of  the  sympathetic,  and  generally  the  large  superficial  petrosal  nerve.  The  third 
branch  runs  upward  through  the  substance  of  the  petrous  portion  of  the  temporal 
bone.  In  its  course  it  passes  by  the  gangliform  enlargement  of  the  facial  nerve, 
and,  receiving  a  connecting  filament  from  it.  becomes  \\\e  small  superfivial  petrosal 
fierve.  It  then  enters  the  skull  through  a  small  aperture,  situated  external  to  the 
hiatus  Fallopii  on  the  anterior  surface  of  the  petrous  hone,  courses  forward  across 
the  base  of  the  skull,  and  emerges  through  a  foramen  in  the  middle  fossa  (sometimes 
through  the  foramen  ovale)  and  joins  the  otic  ganglion. 

The  ehnrda  ti/mpani  leaves  the  fficial  about  a  quarter  of  an  inch  above  the 
exit  of  the  latter.  It  enters  the  ty mjuioum  through  the  iter  cbt^rdte  pmterius^ 
and  1  becomes  invested  with  mucous  membnioe.  It  passes  forward,  between  the 
handle  of  the  malleus  anil  vertical  ramus  of  the  incus,  and  leaves  the  tympanum 
through  the  iter  chords^  anterius. 


Pupdi 


Fio,  rMrt-  The  iMTiny  labjHnth  i)f  the  lea 
oftr,  5i-*cri  {torn  the  outer  sidit*  and  somewhiit 
from  Im-'Iuw  )  (OegreotMiur).         ' 


The  Internal  Ear,  or  Labyrinth  eFig.  546). 

The  internal  ear  has  two  main  divisions,  the  osseous  and  membranous  laby 
rinths.  They  are  called  labjnrinths  from  the 
complexity  of  their  shapes.  The  osseous  laby- 
rinth consists  of  three  parts — the  vt^stihttlv, 
semicircular  carnih,  and  cue  hit  a.  It  is  formed 
by  a  series  of  cavities  channelled  out  of  the 
substance  of  the  petrous  bone,  communi*"Uting 
externally  with  the  cavity  of  the  tympanum 
through  the  fenestne  ovalis  and  rotunda,  aud 
internally  with  the  meatus  auilitorius  intcrnus, 
by  means  of  minute  bony  canals  which  contain 
the  auditory  nerve-filaments.  Within  the  os- 
seous labyrinth  is  contained  the  membrunous 
labyrinth,   ujion   which  the  nnnifications  of  tlie  auditory  nerve  are  distributed. 

The  Vestibule  (Fig,  547)  is  the  common  ceiilral  cavity  of  communication  between 
the  parts  of  the  internal  ear.  It  is  situated  on  the  inner  side  of  the  tympanum, 
hehind  the  cochlea,  and  in  front  of  the  semicircular  canals.  It  is  somewhat  ovoidal 
in  shape  from  before  backward,  flattened  from  within  outward,  and  measures 
about  one-fifth  of  an  inch  from  before  backward,  as  well  as  from  above  downward, 
being  narrower  from  without  inward.  On  its  tintcr  or  tt/mpanic  fcall  is  the 
fenestra  ovalis,  closed,  in  the  recent  state,  by  the  base  of  the  sta|ies  and  its  annular 
ligament.  On  its  inner  fcall,  at  the  fore  part,  is  a  small  circular  depression, /o/v« 
hemispherical  which  is  perforated,  at  its  anterior  and  inferior  part,  by  several 
minute  holes  (macula  cribrosa)  for  the  passage  of  the  filaments  of  the  auditory 
nerve ;  and  behind  this  de])ression  is  a  vertical  ridge,  the  pyramidal  eminence 
(crista  vestibuli).  At  the  hinder  part  of  the  inner  wall  is  the  orifice  of  the  aqne- 
ductus  lyestibuli^  which  extends  to  the  postei'ior  surface  of  the  petrous  portion  of 
the  temporal  bone.  It  transmits  a  small  vein*  and  contains  a  tubular  ))rolonga- 
tion  (ductus  endohfmphaticus)  which,  derived  from  the  saccule  and  utricle,  in  a 
manner  to  be  described  later,  ends  in  a  cul-de-sac  On  the  upper  fvall  or  roof  ts 
a  transverse  oval  depression, /ot?<ici  scmi-elliptica^  separated  from  the  fovea  hem- 
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isplierica  by  tie  pyramidal  eminence  already  mentioned.  BeLind,  tlie  semicir- 
cular eanak  open  into  the  vestibule  by  five  oririees.  In  front  h  a  large  oval 
opening  wbieb  eonimimicates  with  the  scala  vestibuli  of  ihe  cochlea  by  a  single 
orifice,  a  pert  urn  sea  he  vtistihuH  eoMete, 

The  Semicircular  canals  are  three  bony  canals  situated  above  and  behind  the 
vestibule.  They  are  of  unei^ual  length,  compressed  from  side  to  sideband  describe 
the  greater  part  of  a  circle.     They  measure  about  one-twentieth  of  an  inch  in 

"iiameter,  and  each  presents  a  dilatation  at  one  end,  called  the  ampulla,  which 

aeasurcs  more  than  twice  the  diameter  of  the  tube.     These  canals  open  into  the 

restibule  by  five  orificeis,  one  of  the  apertures  being  cmnmon  to  two  of  the  canals. 

The  superhr  semH'irt'uhir  canal  is  vertical  in  direction,  and  stretches  across 

,  the  petrous  portion  of  the  temporal  bone,  at  right  angles  to  its  posterior  surface; 

|itJ9  arch  forms  a  round  projection  on  the  anterior  surface  of  the  petrous  bone.  It 
describes  about  two-thirds  of  a  circle.  Its  outer  extremity,  which  is  ampullated, 
commences  by  a  distinct  orifice  in  the  upper  part  of  the  vestibule  ;  the  opposite  end 


t\^'^ 
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Openuii^  of  aqutdtitiua  veMibuli. 
Bridle  pasted  through  farnmen  rohiutlum, 

Openinq  nf  aqueductuit  cocMtJie. 
Fto.  547.^The  osaeouB  l&b^rlalh  laid  ^pen.    (EnlAr^ed.) 

of  the  canal,  which  is  not  dilated,  joins  with  the  corresponding  part  of  the  pos- 
terior canal,  and  opens  by  a  common  or i See  with  it  in  the  back  part  of  the 
vestibule. 

The  posterior  jinfjH'ireular  caualy  also  vertical  in  direction,  is  directed  back- 
ward, nearly  parallel  to  the  posterior  surface  of  the  petrous  bone;  it  is  the 
longest  of  tlie  three :  its  ampulktefl  end  commences  at  the  lower  and  back 
part  of  the  vestibule,  its  opposite  end  joining  to  form  the  common  canal  already 
mentioned* 

The  external  or  horizontal  rana!  is  the  shortest  of  the  three,  its  arch  being 
directed  outward  and  backward;  thus  each  semicircular  canal  stands  at  right 
angles  to  the  other  tw^o-  Its  ampullated  end  corresponds  to  the  upper  and  outer 
angle  of  the  vestibule,  just  above  the  fenestra  oralis;  its  opposite  end  opens  by  a 
distinct  orifice  at  the  upper  and  back  part  of  the  vestibide. 

The  Cochlea  bears  some  resemblance  to  a  common  snail -shell :  it  forms  the 
anterior  [lart  of  the  lafiyrintht  is  conicfd  in  form,  and  placed  almost  horizontally 
in  front  of  the  vestihiile;  its  aj^cx  is  directed  forward  and  outward  toward  the 
upper  and  front  part  of  the  inner  wall  of  ihe  tympanum  ;  its  base  corresponds  with 
the  anterior  depression  at  the  bottom  of  the  internal  auditory  meatus,  and  is 
perforated  by  numerous  apertures  for  the  jtassage  of  the  cochlear  branch  of  the 
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auditory  nerve.  It  measures  about  a  fjiiarter  of  an  inch  in  length,  and  its  breadth 
toward  the  base  is  about  the  same.  It  consists  of  a  conical-shaped  central  axis, 
the  moiUolun  or  volumeUa  ;  of  a  canal  wotiml  spirally  round  the  axis  for  two  turns 
and  a  half,  from  the  base  to  the  apex  ;  and  of  a  delicate  lamina  (the  hmuia  spiralh) 
contained  wiihin  the  canal,  which  follows  its  windings  and  partially  subdivides  it 
into  two, 

1'he  einftrd  axh,  or  tuodiolui^^  is  conical  in  form,  an<i  extends  from  tlie  base  to 
the  apex  of  the  cochlea.  Its  base  is  broad^  corresp<mds  with  the  first  turn  of  the 
cochlea,  and  is  perforated  by  numerous  orifices,  which  transmit  filarucnts  of  the 
cochlear  branch  of  the  auditory  nerve;  tlie  axis  diminishes  rapi^ily  in  size  in 
the  seconti  coil,  and  terminates  within  the  last  half-coiU  or  cupola,  in  an  exjianded 
delicate^  bony  lamella,  which  resembles  the  half  of  a  funnel  divided  longitiidinally, 
and  is  called  the  iH/tindihidum  :  the  broad  part  of  this  funnel  is  directed  toward 
the  summit  of  the  cochlea,  and  hlemls  with  the  cupola  or  last  half-turn  *d'  the 
spiral  canal  of  the  cochlea.  At  this  point  the  two  larger  scalie  of  the  cochlea,  the 
ficala  tympani  and  scala  vestibuli,  communicate  by  an  opening  called  the  hdico- 
trema.  The  outer  surface  of  the  modiolus  forms  part  of  the  wall  of  the  spiral 
canal,  and  is  dense  in  structure ;  hut  its  centre  is  channelled,  as  far  as  the  last 
half-coil,  by  numerous  branching  canals,  which  transmit  nervous  filaments  in 
regular  succession  into  the  canal  of  the  cochlea  or  on  to  the  surface  of  the 
lamina  spiralis.  One  of  these,  larger  than  the  rest,  occupies  the  centre  of  the 
modiolus,  and  is  named  the  emiali»  cvntralis  modwH :  it  extends  from  the  base  to 
the  extremity  of  the  modiolus,  and  transmits  a  small  nerve  and  artery  (arteria 
eentrah's  modioli). 

The  spiral  eattal  (Fig,  548)  takes  two  turns  and  a  half  round  the  modiolus. 
It  is  about  an  inch  and  a  half  in   length,  measured  along  its  outer  wall^  and 


Fig.  M8.— TliL'  cm'hku  laid  uja  u.    v  Ltilargt  il. . 

diminishes  gradually  in  size  from  the  base  to  the  summit,  where  it  terminates  in 
a  fuf-di^'-mr,  the  fiipfih,  which  forms  the  apex  of  tlie  cochlea.  The  commence- 
ment of  this  canal  is  about  the  tenth  of  an  inch  in  diameter;  it  diverges 
from  the  modiolus  toward  the  tym[ianiim  and  vestibule  and  presents  three  open- 
ings. One,  ihe  fetif'^tra  rotunda,  communicates  with  the  tympanum;  in  the 
recent  state  this  aperture  is  closed  by  a  membrane,  the  viembrana  tympani 
gevundaria.  Another  aperture,  of  an  oval  form,  enters  the  vestibule.  The 
third  is  the  aperture  of  the  mpwducfun  eoehh'i^r^  leading  to  a  minute  funnel-shaped 
canal,  which  opens  on  the  basilar  surface  of  the  petrous  bone  and  transmits  a 
small  vein* 

The  interior  of  the  spiral  canal  (Fig.  549)  is  partially  divided  into  two,  in  the 
dry  state,  by  a  thin  bony  plate,  the  lamina  gpiraliit,  which  consists  of  two  thin 
lamellae  of  bone,  between  which  are  numerous  canals  for  the  pas.sage  of  nerve- 
fibres.  This  lamina  projects  from  the  modioli  us  into  the  canal,  but  does  not  reach 
more  than  halfway  toward  the  outer  wall  of  the  tube.  From  its  extremity  a  thin 
membrane  extends  to  the  outer  wall,  and  completes  the  division  of  the  canal  into 
an  upper  compartment,  the  scala  tfestibuli^  and  a  lower  one,  the  »eala  tifmpani. 


I 


924 


THE    ORGANS    OF  SENSE, 


By  a  second  membraDe  a  portion  of  the  upper  of  these  two  canals  is  cut  off  from 
the  rest,  constituting  the  scahi  media.  The  lamina  ^pinilis  ends  above  in  a  hook- 
shuped  process  ikinmihtH)  which  partly  bounds  the  heltt'utreina.  At  the  point  where 
the  osseous  lamina  is  attached  to  theniodiolus  i.s  a  small  eanul,  which  winds  round 
the  modiolus,  and  was  denominated  by  Rosenthal  the  t-analts  ftpimlis  inodioli ;  it 
is  occupied  by  a  swelling  of  the  cochlear  nerve,  the  ganglion  spiralc,  in  which 
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fio.  ft4P.— |j<mirttudinBl  sertion  of  ihe  cochle*^  iihowiujc  th*^  rttUtions  of  the  »cal2B,  the  f^n«1ion  Rplrale,  ete* 
',  Seal  A  yestibuli.    S.  T.  Scala  lyuipatiL    8.  M.  Scalu  me(lf&.    U  S.  LigamtMitum  spjmle.    Gl  S.  UangUoti  spl- 


ganglion-celis  are  f«jund,  and  from  which  the  nerves  pa&s  to  the  osseous  lamina  and 
organ  of  Corti.     The  scaia  fnedia  belongs  to  the  niemhranous  labyrinth* 

The  osseous  lamina,  as  above  stated,  extends  only  part  of  the  distance  between 
the  modiolus  and  the  outer  bony  wall  of  the  cochlea.  Near  its  outer  end  the 
periosteum  on  the  upper  or  vestibular  surface  of  the  lamina  swells  up  into  an 
elevation  which  is  called  the  //w6./j*  lamimp spirahn  (*'  den ticu late  lamina  "  of  Todd 
and  Bowman),  The  lamina  spiralis  terminates  in  a  grooved  extremity,  the  mttlcus 
spiralh,  which  presents  the  form  of  the  letter  C :  the  upper  part  of  the  letter, 
being  formed  by  the  overhanging  extremity  of  the  limhiis,  is  named  the  labium 
veglihnl/ire  :  the  lower  part,  prolonged  and  rajiering,  is  called  the  lainnm  tgrnpanu 
cum  (Fig.  550),  From  the  lal>ium  tympanicum  n  thin  membrane  extends  over  to 
the  hony  wall  of  the  cochlea,  completing  thi^  scr*la  tym}»ani.  This  memhrane  is 
called  the  meniiyrfifta  IntHilariif.  At  it.s  outer  attachment  it  swells  out  so  as  to  form 
a  thick  triangular  structure,  which  was  regarded  as  a  muscle  by  Todd  and  Bowman 
(cochlearis),  but  is  now  recognized  as  ligamentous— the  Ikfametttiuti  Hptnile, 
Between  the  liihium  vestihulare  and  the  attachment  of  the  membrane  of  Beissner^ 
presently  to  be  described,  a  very  delicate  membrane  extends  over  to  the  outer 
wall  of  the  cochlea,  ruuuing  nearly  jtarallel  to  the  membraua  basilaris.  It  was 
described  by  Corti,  and  covers  over  the  organ  which  is  called  after  his  name,  and 
is  therefore  called  fafmhrane  of  Oorfi^  or  tnenthrana  teetona.  Farther  inward, 
near  the  commencement  of  the  limhus  laminae  spiralis,  another  delicate  mem* 
brano,  the  mcmhrant'  of  Re/Haner,  is  attached  to  the  vestibular  surface  of  the 
periosteum  of  the  osseous  lamina  Jind  stretches  across  to  the  outer  wall  of  the 
cochlea.  The  canal  which  lies  bchuv  the  osseous  lamina  and  memhrana  basilaris 
is  the  Mrahi  tj^wpatti ;  that  which  is  botinded  by  the  osserms  lamina  and  membi^ane 
of  Beissner,  the  smla  n^at/ltnli ;  while  the  space  between  the  membrane  of 
Reissner  and  memhrana  basilaris  is  generally  described  as  the  Sfula  media^  Can^ 
alu  mrrfdyranarea^  or  Ctmaik  ftjehletF^  and  this  is  the  nomenclature  w  hich  will  be 
used  here.     Others,  however,  apply  the  name  canalis  eocklece  only  to  the  canal 


lying  between  the  membrane  of  Reissner  and  the  tnembrana  tectoria,  which  con- 
tains no  object  for  description,  while  the  space  lying  between  the  m  em  b  run  a  tec- 
toria  and  membrana  basilaris  is  described  by  itself  as  a  fourth  canal — the  ductus 
cochlearh  or  ductus  auditorhis,^  The  lattei*  is  the  space  in  which  the  organ  of 
CortP  is  contained.  This  organ  (Fig.  550)  is  situated  upon  the  membrana  basila- 
ris,  and  appears  at  first  sigbt  as  a  papilla,  winding  spirally  with  the  turns  of  this 
membrane  throughout  the  whole  length  of  the  cochlea,  from  which  circumstance 
it  has  been  designated  the  papiUa  spiralis.     Mure  accurately  viewed,  it  is  seen  to 


Fid.  6dO.— Floor  of  scftla  iDedi&«  abowliLg  the  c»rgan  of  Cortt,  etc. 

%6  composed  of  a  remarkable  arrangement  of  cells  which  may  be  likened  to  the 
keyboard  of  a  pianoforte.  Of  these  cells,  the  two  central  ones  are  rod-like 
bodies,  and  are  called  the  inner  and  outer  rods  of  Corti.  They  are  placed  erect 
on  the  basilar  inembrane  at  some  little  distance  from  each  other,  the  space 
between  them  being  denominated  the  zona  areuata ;  they  are  inclined  toward 
each  other,  so  as  to  meet  at  their  opposite  extremities  and  form  a  series  of  arches 
roofing  over  the  zona  arcuata,  thus  forming  a  minute  tunnel  between  them  and 
the  ba^^ilar  membrane,  which  ascends  spirally  through  the  whole  length  of  the 
cochlea.     They  are  estimated  at  over   three  thousand  in  number. 

The  inner  rods,  which  are  mto'e  ntimerous  tlian  the  outer  ones,  rest  on  the 
basilar  membrane,  close  to  the  labium  tym[ianicum;  they  project  obliquely  for- 
ward and  outward,  and  terminate  above  in  exjtanded  extremities,  which  resemble 
in  shape  the  upper  end  of  the  ulna,  with  its  gigmoid  cavity,  coronoid  and  olecra- 
non processes.  On  the  outer  side  «.tf  the  rod,  in  the  angle  formed  between  it  and 
the  basilar  membrane,  is  a  protojilasmic  cell,  whilst  on  the  inner  side  is  a  row  of 
epithelial  cells  surmounted  by  a  brush  of  tine,  stiff',  hair-like  processes,  these  cells 
being  continuous  with  the  cubical  cells  lining  the  sulcus  spiralis. 

The  outer  rods  also  rest  by  a  broad  ftot  on  the  basilar  membrane ;  they 
incline  forward  and  invsard,  and  their  upper  extremity  resembles  the  bead  and 
bill  of  a  swan,  the  bead  fitting  into  the  concavity — the  analogue  of  the  sigmoid 
cavity^ — of  one  or  more  of  the  internal  rods,  and  the  bill  resting  against  the 
phalanges  of  the  lamina  reticularis,   presently   to  be  described. 

In  the  head  of  these  outer  rods  is  an  oval  portion,  where  the  fibres  of  which 
the  rod  ajipears  to  be  composed  are  deficient,  and  which  stains  more  deeply  with 
carmine  than  the  rest  of  the  rod.  This  is  supposed  to  represent  the  nucleus  of 
the  cell  from  which  the  rod  was  originally  developed.  At  the  base  of  the  rod.  on 
its  internal  side^ — that  is  to  say,  in  the  angle  formed  by  the  rod  with  ihe  basilar 
membrane— is  a  similar  protoplasmic  cell  to  that  found  on  the  outer  side  of  the 
ba^se  of  the  inner  rod,  w^hilst  external  to  the  outer  rod  are  three  or  four  successive 

'  In  reading  the  older  dew^iptioTis  of  the  nr^ran  of  heariniK  the  student  miistlieaT  in  mind  that  the 
membranes  boimdin^  tlie  diu-fm  auililoriua,  together  with  the*  orgxm  contained  l>etweeti  llic*ni,  were  d^ 
scribed  together  jih  the  "  Lmiirm  spiralis  membranaet/ti,"'  wliile  the  membmne  of  Keissner  was  not  recoff*! 
iiiited,  die  ^larts  being,  m  Tart,  as  shnwn  in  thL*  st>i'«»nd  turn  o(  the  cot  hlea  on  tberi^ht  hand  of  Fig,  506,^ 

'  Corti^B  origitiid  ^m^Hsr  is  in  the  ZeiUclmji  f,  Wisa^n,  Zooi,i  iii.  H)ft, 
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rows  of  epithelial  cells,  more  elongated  than  those  found  on  the  internal  side  of 
the  inner  rod,  but,  like  them,  furnished  with  minute  hairs  or  cilia.  These  are 
termed  the  outer  hair-^elh^  in  contradistinctinn  to  the  inner  set,  which  are  termed 
the  inth'T  hair-celh.  They  are  attached  by  their  bases  to  the  basilar  menjbrane, 
whilflt  frr»m  the  opposite  extremity  a  brujsh  of  hairs  or  cilia  projects  through  the 
reticular  membrane.  They  are  continuous  externally  with  the  cubical  cells  on 
the  lateral  jiart  of  the  basilar  membrane. 

The  reticular  lamina  or  mifmhrane  of  K&lliker  is  a  delicate  framework  perfo- 
rated by  rounded  holes.  It  extends  from  the  inner  rods  of  Corti  to  the  external 
row  of  the  outer  hair-cells,  and  is  formed  by  several  rows  of  '^minute  fiddle- 
shaped  cuticiilar  structures,"  called  pbalangeHy  between  which  are  holes  for  the 
projection  of  the  cilise  of  the  outer  hair-cells. 

Covering  over  these  structures,  but  not  touching  them,  is  the  membrana  tec- 
toria,  or  membrane  of  Corti,  which  is  attached  to  the  veatibular  surface  of  the 
lamina  sjiiralis  close  to  the  attachment  of  the  membrane  of  Reissner ;  it  courses 
over  the  denticulate  lamina,  and,  passing  outward  parallel  to  the  basilar  mem- 
brane, is  blended  with  the  ligamentum  spirale  on  the  outer  wall  of  the  spiral 
canaL^ 

The  inner  surface  of  the  osseous  labi/rinth  is  lined  by  an  exceedingly  thin 
fibro-serous  membrane,  analogous  to  a  periosteum  from  its  close  adhesion  to  the 
inner  surfaces  of  these  cavities,  and  performing  tlie  office  of  a  serous  membrane 
by  its  free  surface.  It  lines  the  vestibule,  and  from  this  cavity  is  continued  into 
the  semicircular  canals  and  the  scala  vestibuli  of  the  cochlea,  and  through  the 
helicotrema  into  the  scaia  tympani.  This  membrane  is  continued  across  the 
fenestni3  ovalis  and  rotunda,  and  eonsei|nently  has  no  communieation  with  the 
lining  membrane  of  the  tympumnu.  Its  attached  surfjice  is  rougli  and  fibrous, 
and  closely  a<iherent  to  the  bone  ;  its  free  surface  is  smooth  and  pale,  covered 
with  a  layer  of  epithelium,  and  secretes  a  thin,  limpid  Huid,  the  aqua  lahtfriiithi^ 
liquor  Ootunnii^  or  iwrilifmph  (Blainville). 

Tlie  Memhranoua  Labyrintli. 

The  membranous  labyrinth  (Fig.  5r51)  is  a  closed  sac,  containing  fluid,  on  the 
walls  of  which  tlie  ramifications  of  the  auditory  nerve  are  distributed.  It  has  the 
same  genera!  form  as  the  cochlea,  vestibule,  Jiud  st^micircular  canals  in  which  it 
is  enclosed,  but  is  considerably  smaller,  ami  the  vestibular  and  canalicular  por- 
tions are  more  or  less  surrounded- by  the  perilymjdi. 

The  gcala  media ^  already  described  in  connection  with  the  cochlea,  is  closed 
above  and  below.  The  upper  blind  extremity  is  attached  to  the  cupola  at  the 
upper  part  of  the  helicotrema ;  the  lower  end  fits  into  the  angle  at  the  com- 
mencement of  the  osseous  lamina  on  the  floor  of  the  vestibule.  Near  this  blind 
extremity  the  scala  media  receives  the  cafialis  reuniens  (Fig.  551),  a  very  delicate 
canal  by  which  the  ductus  cochlearis  is  brought  into  continuity  with  the  saccule. 

The  vestibular  portif*n  consists  of  two  sacs,  the  utricle  and  the  saccule. 

The  utricle  is  the  larger  of  tlie  two,  of  an  olilong  form,  compressed  laterally, 
and  occupies  the  upper  and  back  part  of  the  vestibule,  lying  in  contact  with  the 
fovea  semi-elliptica.  Numerous  filaments  of  the  a^iditory  nerve  are  distributed 
on  the  wall  of  this  sac,  and  its  cavity  communicates  behind  with  the  membra- 
nous gemjcircular  canals  by  five  orifices.  It  also  sends  off  a  minute  canal  intf) 
the  aqueductus  vestibuli,  which  unites  with  the  ductus  nidobpnphaticus^  a  similar 
but  somewhat  larg*'r  tubular  prolongation  from  the  saccule. 

The  Harcule  is  the  smaller  of  the  two  vestibular  sacs;  it  is  globular  in  form, 
lies  in  the  fovea  hemispheric  a  near  the  o|iening  of  the  vestibular  scala  of  tlie 
cochlea,  and  receives  numerous  nervous  filaments  which  enter  from  the  bottom 
of  the  depression  in  which  it  is  contained.  Its  cavity  communicates  with  that 
of  the  scala  media  by  means  of  the  canal  is  reuniens  and  with  that  of  the  utricle 
in  the  manner  just  mentioned. 

^  In  Fig.  650  ontj  the  inner  tiiilf  of  the  luumbrane  h  represented. 
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The  7iu'7fi  bra  nous  $e7nicireular  cannh  are  about  one-third  the  diameter  of  the 
osseous  caimls,  but  in  number,  shape,  and  general  forni  they  are  precisely  simi- 
lar; they  are  hollow,  and  opt-n  by  five  orifices  into  the  utricle,  one  openinf^  being 
couimou  to  two  i-aiiiilK.  Their  auipnllie  are  thicker  than  the  rest  of  the  tubes, 
and  nearly  fill  the  cavities  in  which  they  are  contained. 

Numerous  fibrous  bauds  stretch  ai-ross  between  tlie  membranous  and  bony 
labyrinths.  These  fibrous  hands  convey  the  blood-vessels  and  nervous  fila- 
ments distributed  to  the  utricle,  to  the  saccule,  and  to  the  ampulla  of  each 
canal. 

Structure.^ — ^The  wall  of  the  membranous  labyrinth  is  semi-transparent,  and 
consists  of  three  layers.  The  outer  hii/cr  is  a  loose  and  fl Occident  structure, 
ap]iarently  composed  of  ordinary  fibrous  tissue,  containing  blood-vessels  and 
numerouBpigment-cells  analogous  to  those  in  the  pigment-coat  of  the  retina.  The 
middle  layer^  thicker  and  more  transparent,  bears  some  resemblance  to  the  hyaloid 
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CANALIS  REUNtENS 
Fio.  551.— The  membmnous  labyrlQth,    (£ti1«rged.) 

membrane,  but  it  presents  on  its  internal  surface  numerous  papillifoj*ni  projections, 
and  on  the  addition  of  acetic  acid  presents  an  appearance  of  longitudinal  fibrilla- 
tion and  elongated  nuclei.  The  innrr  hti/er  is  forme*!  of  polygonal  nucleated  epi- 
thelial cells,  which  secrete  the  endolymph. 

The  e ndoh^ mp h  ( liq u or  iSea r/ h r)  is  a  1  i m  |  > i d  s e r f ui s  fl  u i d  w h i ch  fi  1 1  s  th e  m em b ra- 
nous  labyrinth  ;  in  composition  it  closely  resembles  the  perilymph. 

The  otoliths  are  two  small  rounded  bodies  consisting  of  a  mass  of  minute  crys- 
talline grains  of  carbonate  of  lime,  hebl  together  in  a  mesh  of  delicate  fibrous 
tissue,  and  contained  in  the  walls  of  the  utricle  and  saccule,  opposite  the  distribu- 
tion of  nerves.  A  calcareous  material  is  also,  according  to  Bowman,  sparingly 
scattered  in  the  cells  lining   the  amjiulla  of  each  semicircular  canal. 

The  arteries  of  the  labyrintli  are — ^thc  internal  auditory,  from  the  l>asilar;  the 
stylo-mastoid,  from  the  posterior  auricular  ;  and,  occasionally,  branches  from  the 
occipital.  The  internal  auditory  divides  at  the  bottom  of  the  internal  meatus  into 
two  branches,  cochlear  and  vestibular. 

The  cochlear  branch  subdivides  into  from  twelve  to  fourteen  twigs,  which 
traverse  the  canals  in  the  modiolus,  ami  are  distributed,  in  the  fonn  of  a  capillary 
network,  in  the  substance  of  the  kuiina  spiralis. 

The  vestibular  branches  accompany  the  nerves,  and  are  disiribtited,  in  the  form 
of  a  minute  capillary  network,  in  the  substance  of  the  membranous  labyrinth. 

The  veins  (auditory)  of  the  vestibule  and  semicircular  canals  accompany  the 
arteries,  and,  receiving  those  of  the  cochlea  at  the  base  of  the  modiolus,  terminate 
in  the  superior  petrosal  sinus. 

The  SEditory  nerve,  the  special  nerve  of  the  sense  of  hearing,  divides,  at  the 
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bottom  of  the  internal  auditory  raeaiirs,  into  two  branches,  the  coelilear  and  vee^  ^ 
tibular.     The  trunk  of  the  nerve,  as   well  a^  the  branches,  conmins   numerous 
ganglion-cells  with  caiidate  prolongations. 

The  ve%tihular  m^ruc,  the  posterior  of  the  two,  divides  into  three  branches — 
superior,  middle,  and  inferior. 

The  sujieriur  vestibular  branch,  ihe  largest,  divides  into  numerous  filaments, 
which  pas»  through  minute  openings  at  the  upper  and  hack  part  of  the  eul-d^- 
mtv  at  the  bottom  of  the  meatus,  and,  entering  the  vestibule,  are  distributed 
to  the  utricle  and  to  the  ampulla  of  the  external  and  superior  semicircular 
canals. 

The  middle  vestibular  branch  consists  of  numerous  filaments,  which  enter  the 
vestihule  hy  a  smaller  cluster  of  foramina  placed  below  those  above  mentioned, 
and  which  correspond  to  the  bottom  of  the  fovea  hem isph erica  ;  they  are  distributed 
to  the  saccule. 

The  inferior  and  smallest  branch  passes  backward  in  a  canal  behind  the  fora- 
mina for  the  nerves  of  the  saccule,  and  is  distributed  to  the  ampulla  of  the  pos- 
terior semicircular  canal. 

The  nervous  filaments  enter  the  arapullary  enlargements  at  a  deep  depre^ion 
seen  on  their  external  surface,  with  a  corresponding  elevation  when  seen  from 
within  ;  the  nerve-fibres  ending  in  loops  and  in  free  extremities.  In  the  utricle 
and  saccule  the  n  erve- fib  res  s|>  read  out,  some  blending  witli  the  calcareous  matter; 
others,  radiating  on  the  inner  surface  of  the  wall  of  each  cavity,  become  blended 
with  a  layer  of  nucleated  cells  and  terminate  in  a  thin  fibrous  film. 

The  voi'hhiW  mrve  divides  into  numerous  filaments  at  the  base  of  the  mtuliolus, 
which  ascend  along  its  canals,  and  then,  bending  outward  at  right  angles,  pass 
between  the  plates  of  the  bony  hunina  spiralis,  ch>se  to  its  tympanic  surface* 
Between  the  plates  of  the  spiral  lamina  the  nervei^  form  a  plexus  which  contains 
ganglion  cells  fiirmiug  the  ganglion  spirale.  From  this  gauglion  delicate  filaments 
pass  between  the  layers  of  the  osseous  lamina  to  the  sideus  sjdralis  and  pa^s  out- 
ward to  the  organ  of  Corti.  Their  exact  termination  is  oncerlain,  Waldever 
describes  thetu  as  collected  into  two  groups,  one  group  ending  in  the  outer  and  the 
other  in  the  inner  hair-cells. 

The  bottom  of  the  intemal  auditory  meatus,  known  as^  the  lamina  rrihro»a^  is 
subdivided  by  a  horizontal  ridge,  the  criMa  filrft'ormiii,  into  a  superior  and  an 
inferior  foasa.  In  the  Muperior  fo»m  is  seen  anteriorly  the  foramen  faciale  or 
orifice  of  the  aquedyctus  Fallopii  :  and  posteriorly  Is  a  group  of  tbraraina,  area 
vribrmtt  tttifertor^  for  the  lierve-fihinieuts  to  the  utrtrle^  superior  and  extenial 
semk'irruhr  effUffl^  (superior  vestibular  bran  eh).  lo  the  f  ft  ferior  fossa  are  :  (1) 
a  group  of  fbraojina,  ttrra  i*rfhrt/Ma  nteiUa,  for  the  filaments  to  the  saceule  (middle 
vestibular  branch) ;  (2)  posteriorly,  the  foramen  ,mhpilart\  for  the  nerve  to  the 
pofiterior  i^emkireular  eafial  (inferuyv  vestibular  branch);  (3)  antero-inferiorly,  the 
foramina  for  the  filaments  of  the  cochlear  branch,  grouped  in  a  spiral,  tra^tus 
spmih'sforamhiHh'ntus.  and  at  the  end  of  the  spiral  is  the  foramen  eentraU  coch- 
fi'tp  or  orifice  of  the  central  canal  of  the  modiolus. 

Surgical  Anatomy.— Mai  fur  ma  tio  as,  such  a^*  imperfect  development  of  the  external  parts, 
ahst!ULM?  of  the  meatus,  ur  Rupernumeruiy  auricles^  are  occasionally  met  with.  Or  the  i>ii»iui  may 
pre.stmt  a  rongeuitjil  li'^tulii  which  is  due  to  defeetive  ekisure  of  die  fii'st  visceral  i'k;l't.  or  ntllier 
of  that  portion  of  it  whieh  ia  iiotL-oneerned  in  the  fonnarion  of  the  Eustachian  tul*e,  tvinp;innm» 
and  meatus.  The  .^kin  of  llje  auricle  is  thin  ^uid  rirlily  .Hupislied  with  bluod.  but  in  snite  of  this 
it  is  frequently  the  seat  of  Irnttt-bite,  due  to  ihe  faet  tliat  )t  Is  uuieh  expo.^d  to  rohb  and  lacks 
the  usual  euveriiiL'  of  sulrMtHncnus  fat  ibuml  in  most  othir  parts  of  thu  Wly.  A  fMillr?t»ti«(n  <tf 
hloud  ii*  scimelimes  fuund  hetween  tbe  nirrilage  and  t>''rieliundrium  (/r^/v/^iAu/ifi  (titnVK  usually 
the  resnit  of  traumatism,  hut  nut  neeessarily  due  to  diis  eause.  It  i*^  naid  t<*  oecur  mott  fn^- 
r|uently  in  the  ears  of  the  insane.  Keloirl  sometimes  trnjwi?  in  the  auricle  arcjund  the  puncture 
mnde  lor  earrinjrs,  and  epithelioma  ocieasiuaally  aSet't^s  ilm  part.  Deixisits  of  urate  of  soda  are 
oiien  met  with  in  the  pinna  m  L^juty  suhjecti*. 

The  external  [umitory  meatus  ean  be  niosl  sattsfaetorily  examined  by  lieht  refleeted 
down  a  funnel-j^haped  speeidum ;  hy  ireatk  movin^tr  the  latter  in  different  direetions  the 
whole  of  the  cjinal  and  membruua  tympaiii  can  be  breuHht  into  view.     The  potato  lo  he  noted 
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are»  the  preat'nce  of  wax  or  fon^lgn  bodies,  the  «ize  of  the  eanaU  and  the  condition  of  the  mem- 
brane tyrnpani.  The  accumulation  of  wax  is  often  the  eauso  of  deafness,  and  may  pive  rise  to 
very  ai^rinu^  ixiiisequenees.  ransintr  olrvration  of  the  menj^jrane  an<l  even  ahsorptirm  cif  the  b<.>ny 
wall  of  the  canal.  Fureiiiii  l^jditv^  art*  nnt  infreiiuently  hitriKlueed  into  the  car  hy  eliildren,  and. 
when  ii  it  ail  ted  in  the  firnt  portion  of  the  ranal,  may  be  removed  witli  tolerable  facility  by  meaoK 
of  a  njinate  hook  or  loo]>  of  fine  vvire^  with  reflected  light;  but  when  they  have  slipped  beyond 
the  narrow  middle  part  of  the  meatus,  their  removal  is  in  no  wise  ea,sy,  and  attiiOi]>ts  to  effect 
it,  in  inexperienced  hands,  may  l>e  fViIlowed  liy  destnjction  of  the  membrana  tvinpani  atid  possi- 
bly the  eonteuta  of  the  !ymf>aruuii.  The  ailibre  of  the  external  anditor>*  cjinal  maybe  narrowetl 
by  infliimmatioti  of  its  lining  niLUibrane,  ninninc:  on  to  suppuration  ;  by  periastitis  ;  by  pijlypi^ 
8ebace<3us  tumors,  and  exostowi's  The  membrana  tympani,  when  Hi-en  in  a  healthy  ear,  "reflects 
lijrht  stronjfly,  and,  owimr  to  its  peeiiHar  cun^ature,  presents  a  britfht  spot  of  triangular  shape  at 
its  lower  and  anteriiir  portion/'  From  the  a|>ex  of  thi?,  pnx^ee<ling iipwartl  and  sUtrhtly  forward, 
is  a  white  streak  formed  by  the  bantile  of  the  malleus,  while  at  the  upper  and  middle  part  of  the 
membrane  may  be  seen  a  slight  projection,  caustMl  by  the  sliort  prtjcess  of  the  malleus.  In 
dtaease  alterations  in  color,  bistre,  enrvature  or  inchnation,  and  perforation  must  be  noted*  Such 
perforations  may  }>e  ruusi*d  by  a  blow  ur  a  loud  rejMjrt  or  by  a  wound. 

The  upj>er  wall  of  the  meatus  is  separated  from  the  t-ninfal  cavity  by  a  thin  plate  of  bone; 
the  anterior  wall  is  si^ijanited  from  the  lemporo-maxillary  joint  and  parotid  gland  by  the  bone 
forming  the  glenoid  Ibssa  ;  and  the  posterior  wall  is  in  relation  with  the  mastoid  cells ;  hence 
inflammation  of  the  Hxternal  auditory  meatus  may  readily  extend  to  the  membranes  of  the  brain, 
to  the  temporo-maxillary  joint,  or  U\  the  mastoid  cells ;  and^  in  addition  to  this,  blowson  the  chin 
may  cause  fracture  of  the  wall  of  the  meatus. 

The  nerves  snpidyiiig  the  meatus  are  the  auricular  branch  of  the  pneumogastrie,  the 
auriculo- temporal,  antf  the  auricularis  magiuis.  The  connections  of  the^sc  nerves  explain  the 
fact  of  the  ownrrenee^  in  (?ases  of  any  irritation  of  the  meatus,  of  constant,  coujt; hi ng  and  sneez- 
ing frx)m  implication  of  the  pneumogastrie,  or  of  yawning  from  implication  of  the  auriculo- 
temporal. No  <loubt  also  the  asi&ueiation  of  earache  with  toothache  in  cancer  of  the  toneue  is 
due  to  implication  of  the  same  nerve,  a  branch  of  the  fifths  whieh  supplies  also  the  teeth  and 
the  tongue.  The  vessels  of  the  meatus  and  membrana  tympani  are  ik rived  from  the  pjsterior 
nurieular,  temporal,  and  internal  maxillary  arteries.  The  ujipcr  half  of  the  membrana  tympani 
is  much  more  richly  supplied  with  blood  than  the  lower  ball"  For  this  rcastiti.  and  aim  to  avoid 
the  choHa  tympani  nerve  and  ossicles,  incisions  through  the  membrane  should  l>e  made  at  the 
lower  and  posterior  part. 

The  principal  point  in  coniieclion  with  the  surgical  anatomy  of  the  tymoanum  is  its  relations 
toother  parts.  Its  mof  is  fonned  by  a  thin  plate  of  bone,  wliicli,  with  the  aura  mater,  is  all  that 
fieparates  it  from  the  tcmpon>sphenoidal  lobe  of  the  brain.  Its  floor  is  immediately  aWive  the 
jugular  fossa  behind  an  I  the  (*aroiid  canal  in  fmnt.  Its  posterior  wall  presents  the  openings  of 
the  mastoid  cells.  On  its  anterior  WidI  is  the  opening  of  the  Eustacfiian  Xwhe.  Thus  it  follows 
that  in  disease  of  the  midtlle  ear  we  may  get  subdural  abscess^  septic  meninjritis,  or  abscess  of 
the  cereliruiu  or  cerebellmu  from  extension  of  the  inHammation  through  the  bony  roof;  throm- 
bosis of  the  lateral  sinus*  with  or  without  pyBemia,  by  extension  throueh  the  floor;  or  mastoid 
abscess  by  extension  backward.  In  addition  to  this,  we  may  get  fatal  hfemorrhage  from  the 
internal  car<>tid  in  destructive  changes  of  the  middle  ear;  and  in  tliroat  disease  we  may  get  tlie 
inflammatitm  extending  up  the  Eustiichian  tube  to  the  middle  ear.  The  Eustachian  tube  is 
accessible  from  the  nose.  If  the  no.se  aeuj  mouth  be  closed  and  an  atteni])t  made  to  expire  ajr, 
a  sense  of  pressure  with  dulness  of  hearing  Is  |>roduced  in  both  ears,  frum  the  air  finding  its 
way  up  the  Eustiichian  tube  and  bulging  out  the  membrana  tympani.  During  the  act  of 
swallowing  the  nharvngeal  orifice  of  the  tube^  which  is  normally  closed,  is  opened,  probably  by 
the  action  of  the  Tensor  tympani.  This  fact  was  employed  by  Politzer  in  devising  an  easy 
method  of  inflating  the  tube.  The  noKzle  of  an  india-rubber  sjTinge  is  inserted  into  the  nostril ; 
the  patient  takes  a  mouthful  of  water  and  holils  it  in  his  mouth  ;  Ixtth  nostrils,  arc  closed  with 
the  unger  and  thumb  to  prevent  the  escape  of  air,  and  the  patient  is  then  rerjuested  to  swallow ; 
as  he  does  so  the  air  is  forced  out  of  the  s.\TinL'e  into  his  nose,  and  is  driven  into  the  Eustachian 
tube,  which  is  now  open.  The  impact  of  the  air  against  the  membrana  tymjinni  can  be  heard,  if 
the  membrane  is  sound,  by  means  of  a  piece  of  india-rubber  tubing,  one  end  of  which  is  inserted 
into  the  meatus  of  the  |:>aticnt's  ear.  the  other  into  that  of  the  surgeon.  The  direct  examination 
of  the  Eustachian  tube  is  made  by  the  Eustachian  catheter.  This  is  passed  along  the  floor  of 
the  nostril,  with  the  curve  downward,  to  the  |H>sterior  wall  of  the  pharynx.  When  this  is  felt, 
the  catheter  is  to  be  witbdm wn  about  half  an  inch,  and  the  point  rotated  outward  through  a 
Quarter  of  a  circle,  and  pushed  again  slightly  backward,  when  it  will  enter  the  orifit^^of  the  tube, 
and  will  he  found  to  l>e  <'aught,  and  air  forced  into  the  catlieter  will  be  heanl  impineing  on  the 
tympanic  membrane  if  the  ears  of  the  patient  and  surgeon  are  connected  fjy  an  india-rubber 
tube, 
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THE  Apparatus  for  the  Digestion  of  the  Food  consists  of  the  alimentary  canal 
and  of  certain  aceessory  organs. 

The  alimentary  canal  is  a  miiscnlo-membranous  tube,  about  thirty  feet  in 
length,  extouiling  tVoiu  the  mouth  to  the  anus,  and  linod  throughout  its  entire 
extent  by  mucous  membrane.  It  has  received  diflerent  names  in  the  various  parts 
of  its  course  :  at  its  cominencement,  the  mouth,  we  find  provision  made  for  the 
mechanical  division  of  the  food  {mastieation),  and  for  Its  admixture  with  a  fluid 
secreted  by  the  salivary  glands  {trimilivatiofi);  beyond  this  are  the  organs  of 
deglutitimi,  the  pharynx  and  the  oesophagus,  which  convey  the  food  into  that  part 
of  the  alimentary  canal  (the  stomach)  in  which  the  principal  chemical  changes 
occur,  and  in  which  the  reduction  and  srdution  of  the  food  take  place  ;  in  the  small 
intestines  the  nutritive  principles  of  the  food  (the  cfn/le)  are  separated,  by  its 
admixture  with  the  bile  and  pancreatic  fluid,  from  that  portion  which  passes  into 
the  large  intestine,  most  of  which  is  expelled  from  the  system. 


Duodenum, 
Small  intestine^  Jejunum, 
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THE  MOUTH. 


The  month  (oml  or  buccal  cavity)  (Fig,  55*2)  is  the  vestibule  to  the  alimentary 
canal.  It  i.s  a  nearly  oval-shaped  cavity,  bounded  in  frunt  by  tho  lijjs,  upon  the 
sides  by  the  cheeks,  behind  by  the  soft  palate  aud  fauces.  The  upper  and  lower 
dental  arches,  together  with  their  aive^*lar  proee.'^scs,  subdivide  tlie  general  cavity 
into  a  lingual  and  a  buccal  cavity.  The  latter  has  as  its  inner  wall  the  external 
faces  of  tlie  tueth  and  gums  of  both  jaws ;  its  external  wall  is  formed  by  the  li|>s 
and  cheeks,  1'hu  liiiguai  eaviry  is  liounded  anteriiuly  and  laterally  by  the  lingual 
surfaces  of  f>otb  dental  arches ;  above,  by  tlie  hard  aud  the  soft  palates ;  below,  by 
the  floor  of  the  mouth  and  the  tongue. 

The  mueom  itiewhraHe  lining  the  mouth  is  contininnis  with  the  integument  at 
the  free  margin  of  the  lips  and  with  the  mucous  lining  of  the  fauces  behind  ;  it  is 
of  a  rose-pink  tinge  during  life,  and  very  thick  where  it  covers  the  hard  parts 
bounding  the  cavity.      It  is  covered  by  stratified  ejiithelium. 

The  lips  are  two  fleshy  folds  which  surround  the  orifice  of  the  mouth,  formed 
externally  of  integjjnicnt  and  internally  of  luucous  membrane,  between  which  are 
found  the  Orbicularis  oris  muscle,  the  coronary  vessels,  some  nerves,  areolar  tissue, 
and  fat,  and  numerous  small  labial  glands.  The  inner  surface  of  each  lip  is  con- 
gad 


THE  MOUTH. 

nected  in  the  middle  line  to  the  gum  of  the  corresponding  jaw  bj  a  fold  of  mucous 
membrane,  the  fnpnum  labii  suferioris  and  inferioris — the  former  being  the  larger 
of  the  two. 

The  labial  f/htnds  are  situated  between  the  mueous  membrane  and  the  Orbicu- 
laris oris  round  the  orifice  of  the  mouth.  They  are  rounded  in  form,  about  the 
size  of  small  peas,  their  ducts  opening  by  small  orifices  upon  the  mucous  mem* 
brane.     In  structure  they  resemble  the  salivary  glands. 

The  cheeks  form  the  sides  of  the  face  and  are  continuous  in  front  with  the  lips. 
They  are  composed  externally  of  integument,  internally  of  mucous  membrane, 
and  between  the  two  of  a  muscular  stratum,  besides  a  large  quantity  of  fat,  areolar 
tissue,  vessels,  nerves,  and  buccal  glands. 

The  mucous  intmhrane  lining  the  cheek  is  reflected  above  and  below  upon  the 
gums,  where  its  color  becomes  lighter;  it  is  continuous  behind  with  the  lining  mera- 


Opming  of  tuutU  4veL 


BrintU  paitaed  through 


Fig.  562.— l?ecttoniil  view  of  the  now,  mouth,  pharyiut,  etc 


brane  of  the  soft  palate.  Opposite  the  second  molar  tooth  of  tlie  upjier  jaw  is  a 
papilla,  the  summit  of  wiiich  presents  the  aperture  of  the  duct  of  tbe  parotid  gland. 
The  principal  muscle  of  tbe  cheek  is  the  Bneeinator,  hut  nnmerous  otber  muscles 
enter  into  its  funnation — ^yiz.  the  Zygoraatici,  Risoriua  Santorini,  and  Platjsma 
myoides. 

The  buccal  glands  are  placed  between  the  mucous  membrane  and  Buccinator 
muscle;  they  are  similar  in  structure  to  the  hihial  glands,  but  smaller.  Two  ur 
three  of  larger  size  than  the  rest  are  placed  between  the  Masseter  and  Buccinator 
muscles;  their  ducts  open  into  the  mouth  opposite  the  last  molar  tootb.  They  are 
called  molar  t^laitdis. 

The  gums  art^  composed   of  a  dense  fib  runs  tissue  closely  connected  to  the 
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periosteum  of  the  alveolar  processes  and  surrouudiiig  the  necks  of  the  teeth.  They 
are  covered  by  smooth  and  va.scular  mucous  membrane,  which  is  remarkahle  for  its 
limited  seusihility.  Arowiid  the  necks  of  the  teeth  this  mcmbmue  prei^ents  immer- 
ous  fine  papilhc.  The  deep  fibrous  layer  is  continuous  with  the  periost43um  lining 
the  alveoli,  (the  pericementum), 

THE  TEETH. 

The  human  subject  is  provided  with  two  sets  of  teeth,  which  make  their  appear- 
ance at  different  periods  of  life.     The  first  set  appear  in  childhood,  and  are  caOed 

tiie  tempo7'aty^  dee  id  nous,  or  milk  teeth.    The 

^  J  .second  set  are  named  permaHent, 

/■       /I      /l/l«4/iA  ^^^^^  iempormnf  teeth  are  twenty  in  nam- 

It       //      /I     iVM/l     /lil/l      ^^^^ — *^^*     incison?,    two    canine,    and    four 

I M      /l     /I     \^^J     » V^/      "1^1^*^^'   ^'*  ^*^^  j*^^'  (^'^g-  553). 

/\     14    y-\      y  '^M     >^jL  ^^^^^  permtment   teeth  are   thirty-two  in 

/[  M  /  il  [  m     /i    1   J    1  JlJ      number— four  incisors  (two  ecntml  and  two 

*-*-^  ^— «^-\^     ^\^^^    ^^^"      lateral),  two  canines,  four  bicuspids,  and  six 

molars  in  each  jaw  (Fig.  554). 

General  i^haracters.-^-Em^h  tooth  consists 
of  three  jjurtions:  the  cretum,  or  ifitiy,  pro- 
ject in|^  above  the  gum;  the  remt^  or  fan t/^ 
entirely  concealed  within  the  alveolus;  and 
the  neck,  the  constricted  i>ortion,  between  the 
root  and  crown. 

The  surfaces  of  a  tooth  are  named  thus;  that  which  looks  toward  the  lip^s  is 
the  htbi'al;  that  toward  the  tongue  is  the  liwjuai ;  that  toward  the  mesial  line, 
projctJnal ;  that  away  from  the  same,  diattnl ;  that  toward  the  cheek,  the  buecal 
surface.     This  applies  to  the  roots  as  well  as  to  the  crowns  of  teeth. 


Fio.  5^.— Dectduuiis  it^etli,    L«a  aide. 


FjG.  &51.— Ptrmmieut  teelh.    Right  side  (Burchiird). 

The  roots  of  the  teeth  are  firmly  imphnited  within  the  alveoli  (Fig.  558);  thes€ 
depressions  are  lined  with  periMsteum  (the  peri eemen turn)  whicli  is  reflecte<l  on  to 
the  too  til  at  the  point  of  the  root  iind  covers  it  ns  far  as  tlie  neck.  At  the  nuirfj^in 
of  the  alveolus  the  periosteum  becomes  continuous  with  the  fibrous  structure  of 
the  gums. 

Permanent  Teeth  ( Fig^.  555  aud  550). 

The  incisors,  or  cutting  teeth,  are  so  mimed  from  their  presenting  a  sharp  cut- 
ting  edge,  adii|>ted  for  incising  the  fooil.  They  are  eight  in  number,  and  comprise 
the  four  front  teeth  in  each  jaw. 
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Fif?.  556.— RiRht  halJ  of  upper 
jAw  (from  below),  with  ibe  cor- 
ri,^sp.)nding  teeth.  The  kttera 
uud  numbers  point  to  the 
clofiftes  of  teeth  aud  tbe  num- 
ber* in  classes. 


The  crown  is  directed  almost  vertically  and  is  spade-like  in  form  ;  it  has  the  form 
of  a  tniiit-ated  cone  whose  top  hns  been  compressed  into  a  sharp  horizontal  cutting 
edge.     Before  being  subjected  to  attrition  this  edge  pre- 
sents three  t^nuill  elevations.    TA*,^/t//>f*i/ surface  is  convex,  I   _^ 
and  tnarked  by  three  longiindinal  ridges  extending  from 
the  edge  tubercles  toward  the  neck  of  the  tooth.     The 
lim/uai  sortace  is  concave,  and  isnjarked  by  two  marginal 
ridges  extending  tVom  an  encircling  ridge  at  the  neck  to 
the  angles  of  the  cutting  edge  of  the  tooth*    The  ridge  at 
the  neck  is  termed  the  cingtiluni  or  basal  ridge. 

The  mesial  and  diMal  surfaces  are  triangular,  the 
apex  of  the  triangle  at  the  cutting  edge. 
The  neck  of  the  tooth  is  constricted. 
The  root  is  long,  single,  and  lias  the  form  of  a  trans- 
versely flattened  cone,  thicker  before  than  behind.     The 
root  may  be  curved. 

The  incisors  of  the  upper  Jaw  are  altogether  larger 
and  stronger  than  those  of  the  lower  jaw,  the  central 
incisors  being  hirger  and  flatter  than  the  laterals.  They 
are  directed  obliqnely  downward  and  forward. 

The  ineimrs  of  the  lower  jaw  are  smaller  and  flatter 
than  the  upper,  and  the  elevations  upon  their  lingual 
faces  are  not  marked.  The  two  centra!  are  smaller  than 
the  two  lateral  incisors,  being  the  smallest  of  all   the 

teeth.     The  roots  of  these  teeth  are  flattened  laterally. 

^,^/\  The  eamue  teeth  (cuspidati)  are  four  in  number,  two 

Uj^^^    \  in  the  upper,   two   in  tlie  lower  jaw— one  being  phiced 

^^^f^\  distal    to    each    lateml    incisor.       They    are   larger   und 

(9|^HHu-N_^^  stronger  than  the  incisors,  especially  in  the  roots,  which 

Jf^^^^^^i^  "^'^  dimply  implanted  and  cause  well-marked  prominence 

of  the  process  at  the  ]daces  of  insertion. 

The  crown  is  large,  of  spear-head,  form  and  its  very 
convex  labial  surface  is  marked  by  three  longitudinal 
ridges.  The  concave  labial  surface  is  also  marked  by 
three  ridges  which  unite  at  a  basal  ridge.  The  point  or 
cusp  is  longer  than  in  the  other  teeth,  and  is  the  point  of 
division  between  a  short  mesial  and  a  long  distal  cutting 
edge. 

The  root  is  oval  or  elliptical  in  transverse  section,  and 
is  longer  and  more  prominent  than  the  roots  of  the 
incisors. 

The  upper  ea nines  or  cuspids  (vulgarly  called  the  eye 
teeth)  are  larger  and  longer  than  the  two  lower,  and 
in  occkision  are  distal  to  them  to  the  extent  of  half  the 
w  id  til  of  the  crown. 

The  lower  canines  (vulgarly  called  the  stoiuach  teeth) 
have  the  general  form  of  the  upper  cuspids,  but  their  lin- 
gua! surfaces  are  much  more  flatteneii',  owing  to  the 
absence  of  the  elevations  marking  the  upjier.  Their  njK)ts  are  more  flattened  and 
may  be  bifid  at  their  apices. 

The  hicuBpid  teeth  (premolars)  are  eight  in  number,  four  in  each  jaw;  they  are 
placed  distal  to  tlie  cuspid  teeth,  two  upon  each  side  They  are  double  cuspids  in  form. 
The  erowjt  is  surmnunted  by  two  cusps,  one  buccal  and  one  lingual,  separated 
by  a  groove,  the  liiiccal  being  more  prominent  and  larger  than  the  lingual.  The 
lower  bicuspids  are  not  truly  bicuspid,  the  first  having  but  a  primitive  lingual  cusp,  the 
second  iiaving  the  lingual  cusp  divided  into  two  sections — i,  e,  it  is  usually  tricuspid. 
The  necks  of  the  teeth  are  oval  ;  the  root^  are  laterally  compressed,  that  of  the 


Fm.  55fi.-Rliflit  hiiir  of 
lower  jaw,  with  the  turrt'- 
ijKmilttig  t«cth.  The  letter 
and  numbers  pulnt  to  Um 
vorlons  tiisps  or  tlit-ir  mrMjifV 
CAtions  on  the  dlffercut  teeth 
(Burcbord). 
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first  upper  bicuspid  being  frequently  bifid.  The  first  upper  bicuspid  is  usually  the 
largest  of  the  series. 

The  molar  teeth  (mnlticu^pidati  ;  or  grinders)  are  the  largest  teeth  of  the  den- 
ture. They  are  adapted  by  their  forms  for  the  crushing  and  grin<ling  of  the  food. 
They  are  twelve  in  number,  six  in  each  jaw,  three  being  placed  posterior  to  each 
second  bicuspid. 

The  erowtis  are  cuboidal  in  form,  are  convex  bnccallj  and  lingually ;  they  are 
flattened  mesiaily  antl  tlistally.  They  are  fbniictl  by  the  fusion  of  three  primitive 
cuspids  in  the  upper  and  foor  in  the  lower.  To  tiiese  are  added  in  tlie  first  and 
second  upper  molars  a  disto-lingual  tubercle,  and  in  the  first  and  third  raohirs  of 
the  lower  jaw^  a  disto-l)uccal  tubercle.  The  unions  of  the  primitive  foniis  are 
marked  by  sulci.     The  necks  of  these  tcetb  are  large  and  rhomboidal  in  form- 

The  roots  of  the  upper  molars  are  three  in  number^ — one  large  lingual  and  two 
smaller  buccal  roots.  In  the  lower,  two  roots  are  found,  a  mesial  ami  a  distal,  each 
of  which  is  much  flatten eil  from  before  backward. 

The  fir  Hi  molar  ft'cth  are  the  largest  of  the  dental  series:  they  have  four  cuaps 
on  the  upjter  and  five  in  the  lower— three  buccal  and  two  lingual. 

The  »ef'ond  molar8  are  smaller;  the  crown  of  the  upper  is  compressed  until  the 
disto-lingual  cusp  is  reduced*  The  crowns  of  the  lower  are  almost  rectangular,  with 
a  cusp  at  each  angle. 

The  third  molars  are  called  the  wisdom  teetb  (detites  sapient iw)  from  their  late 
eruptiftn  ;  they  have  three  cusps  upon  the  upper  and  five  upon  the  lower,  Tbe 
three  roots  of  the  upper  are  frequently  fused  together,  forming  a  grooved  cone, 
which  is  usually  curved  backward.  The  roots  of  the  lower,  two  in  number,  are 
compressed  together  and  curve  backward. 


Rif^ht  upper. 


Lower, 


mm 


Tta.  5a7.'-Deciduoua  leclli, 


Temporary  Teetb  (l^'igs.  553  and  557). 

The  temporary  or  mOk  teeth  are  smaller,  but 
resemble  in  form  those  of  the  permanent  set.  The 
neck  is  ini^re  marked,  owing  to  the  greater  degree 
of  convexity  of  the  labial  and  lingual  surfaces  of 
the  crown.  The  hinder  of  the  two  temporary  mo- 
lars is  tlie  largest  of  all  the  deciduous  teeth,  and  is 
sneceeded  by  tlie  second  bicuspid.  The  first  upper 
molar  has  oidy  three  cusps — two  labial,  one  lin- 
gual ;  the  second  upper  molar  lias  four  cusps.  The 
first  lower  molar  has  four  cusps ;  the  second  lower 
molar  hiis  five.  The  root^  of  the  temporary  molar 
teeth  are  smaller  and  more  diverging  than  those 
of  the  permanent  set,  but  in  other  respects  bear  a 
strong  resemblance  to  tbem. 


Liu- 


ArTamgement  of  the  Teeth.' 

The  human  teeth  are  arranged  in  two  parabolic  arches,  the  upfier  arch  being 
larger,  its  teeth  overlapping  the  lower.  The  average  distance  between  the  centres 
of  the  condyles  of  the  inferior  maxillary  bones  is  about  four  inches,  which  is  also 
the  distance  from  either  of  these  points  to  the  line  of  junction  between  the  lower 
incisor  teeth.  Whether  the  jaw  be  large  or  small,  the  equilateral  triangle  indicated 
is  inchided  in  it ;  the  range  of  size  is  between  oj''^^". 

Owing  to  the  smaller  sizes  of  the  lower  incisors,  the  teeth  of  the  lower  jaw  are 
each  one  half  a  tooth  in  advance  of  its  upper  fellow,  so  that  each  tooth  of  the  dental 
series  has  two  antagonists,  with  the  exception  of  the  lower  central  incisors  and 
upper  third  molars  (Figs.  558,  559). 

The  grinding  faces  of  the  upper  bicuspids  and  molars  curve  progressively  up- 
ward and  point  outward,  the  first  molar  being  at  the  lowest  point  of  the  curve, 

1  After  Dr.  W.  G.  A.  BonwOL 


The  movement  of  the  human  inandihle  is  forwanl  and  downward,  the  resultant 
of  these  directions  heing  an  old i que  line,  upon  an  average  Sij^  from  the  horizontal 
plane. ^  When  the  lower 
jaw  is  advanced  until  the 
etitting  edges  of  the  in- 
cisors are  in  eontaet,  the 
jaws  are  separated,  htit 
as  the  highest  point  of 
the  lower  arch,  its  third 
molar  advaoees^  it  meets 
and  rests  upon  a  high 
point,  second  molar  of  the 
upper  arch,  and  thus  un- 
due strain  of  the  incisors 
is  obviated- 

In  the  lateral  move- 
ments of  the  mandible  hut 
onesideisin  effective  act  ion 
at  one  time;  the  oh  1  i  < j u e 
poBitiona  of  the  cusps  of 
the  opposite  teeth  are  such 
that  when  either  side  is  in  action  the  other  is  balanced  at  two  or  more  points. 

»  W.  E.  Walker,  Dental  Cdgmos,  1896* 


Fio.  &S9.--Front  a&d  side  viewB  ot  tlie  te«th  and  Jaws. 
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There  is  an  anatomical  correspondence  between  the  tbnns  and  arrang'ement 
of  the  teeth,  the  form  u(  the  condyle  of  the  inferior  maxilla,  and  tlie  mud- 
cnhir  arraiigonient.  Individuals  who  have  teeth  with  long  cusps  have  the  head 
of  the  bone  much  rounded  from  before  behind,  and  have  a  preponderance  of 
the  direct  over  the  oblique  muscle.^  of  majstication,  aud  vke  verstt  ;  teeth  with 
short  or  no  cunps  are  associated  with  a  flattened  eondjie  and-  strong  oblique 
muscles, 

Very  great  aberrations  in  the  dental  arrangement  are  frequently  followed  by 
accomodative  changes  in  the  heads  of  the  inferior  maxilla. 

Structure  of  the  Teeth. 

Tlie  Dental  Pulp. — A  longitudinal  section  of  a  tooth  will  show  the  presence  of  a. 
central  ehaml*er  having  the  genei*al  form  of  the  crown  of  the  tooth.  Processes  of 
the  chamber  pass  from  its  body,  one  for  each  root  and  down  each  root,  and  open  at 


Pu/p 
cavil  i/ 


—  IIimH, 


Fig.  mo.— Veriicjtl  section  of  a  mular  tootii. 

the  apex  by  a  minute  orifice,  the  apical 
foramen.  This  cavity  is  known  as  the 
pulp' chamber,  the  minute  canals  the 
pulp-canals.  The  cavity  contains  a  soft, 
vascular,  and  sensitive  organ  culled  the 
dental  pulp.  It  is  made  iij>  of  myxoma- 
tous tissues,  and  contains  numerous  blood- 
vessels and  nerves,  which  enter  by  way 
of  the  apical  fonmiina.  It  docs  not  pos- 
sess lymphatics.  The  periphery  of  the 
pulp  is  bounded  by  a  layer  of  cells  ar- 
ranged like  columnar  epithelium,  each 
cell  sentling  one  or  more  branched  pro- 
cesses  through  the  basic  substance  of  the 
dentine.  The.^e  are  the  dentine-forining 
cells,  the  odoJUob lasts  of  Waldcycr.  The 
blooil-vessels  break  up  into  itttiuinerable 
capillary  loops  which  lie  beneath  the 
layer  of  odontoblasts.  The  nerve-fibrils 
break  up  into  numberless  non-medullary 
filaments,  which  spread  out  beneath  tiie 
o<lon  to  blasts,  and  probably  serial  ternjinal 
filaments  to  the  extreme  periphery  of  the 
pulp  outside  the  odontoblasts. 

The  matrix  cells  and  their  processes 
are  irrej^ularlv  arranj^ed  in  the  hodv  of 
the  pulp,  but  in  the  canal  portion  the 
fibrilhe  are  in  the  direction  of  the  axis 
of  the  root 

The  section  will  exhibit  three  hard  tissues  in  a  tooth,  one  forming  the  greater 
masa  of  the  tooth;  hence  its  name  Jentine  (the  ivory).  The  dentine  upon  the 
crown  is  sheathed  by  a  layer  called  the  enamel ;  the  dentine  of  the  root  is  enclosed 


Fto,  56L— VerticAl  section  of  a  tooth  in 
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(llametereL  c  Is  placed  in  the  pulp  cAvilv.  opposite 
till!  ttinix  or  nock  of  the  toc^tli ;  the  purt  atHjvt*  i*  the 
crown.  Ihiit  IJtJow  Is-  thv  T<Hrt  iriingf.  L  Enamel  with 
ratlliii  itfid  coot'cnlric  marklnps.  2,  Dentine  with 
tulink'H  and  incremental  lines.  3.  C^jmciit  or  eniitt* 
mtrosrt,  with  boi*  rMrpuwcles.  4.  Denial  peH<i«t<?mo. 
Ik  Hone  of  low*  r  jnw. 
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in  a  distinct  tissue,  the  cementum  or  crusta  petrosa;  both  cementuiii  and  enamel  are 
thinnest  ut  tlie  neck  and  thickest  upon  their  distal  portions. 

The  solid  portion  of  the  tooth  consists  of  three  distinct  structures — viz<  the 
proper  dentitl  substance,  which  forms  the  larger  portion  of  the  tooth,  the  ivory  or 
dent  hi  e;  a  htjer  which  covers  the 
exposed  part  of  the  crown,  the 
enamel;  and  a  tliiu  layer,  which  is 
disposed  on  the  surface  of  the  fang, 
the  eefiit'iit  or  crust  a  jtetroHa, 

The  ivory,  or  destine  ( Fig.  561), 
forms  the  princi])al  mass  of  a  totitli : 
in  its  centra!  part  is  the  cavity  en- 
closing the  pulp.  It  is  a  modi- 
fication of  osseous  tissue,  from 
which  it  differs,  however,  in  struc- 
ture. On  microscopic  examination 
it  is  seen  to  cousieit  of  a  number 
of  minute  wavy  ami  branch in«T 
tubes  having  dwttm^t  paricte^. 
They  are  called  tlie  dentinal  tu- 
bulin and  are  imbedded  in  a  dense 
homogeneous  substance,  the  inter- 
tuhuhtr  timu*\ 

The  dentinal  tubuU  (Fig.  562) 
are  placed  parallel  with  one  an- 
other, and  open  at  their  inner  ends 
into  the  pulp-cavity.  In  their 
course  to  the  periphery  they  present 
two  or  three  curves,  and  are  twisted 
on  themselves  in  a  spiral  direc- 
tion. The  direction  of  these  tubes 
varies:  they  are  vertical  in  the  up- 
per portion  of  the  crown,  oblique 
in  the  neck  and  upper  part  of  the  root,  and  toward  the  lower  part  of  the  root 
thej  are  inclined  downward.  The  tubuli,  at  their  commencement,  are  about 
^pgljy^  of  an  inch  in  diameter;  in  tlieir  course  they  divide  and  subdivide  dichoto- 
mously,  so  as  to  give  to  the  cut  surface  of  the  dentine  a  striated  appearance. 
From  the  sides  of  the  tubes,  especially  in  the  root,  ramifications  of  extreme 
minuteness  are  given  offj  which  join  together  in  loops  in  the  intertubular  sub- 
stance, or  terminate  in  small  tlilatations,  from  which  branches  are  given  off. 
Near  the  periphery  of  the  dentine  the  finer  ramifications  of  the  tubuli  tenuinate 
in  a  layer  of  irregular  branched  spaces  which  communicate  with  each  other. 
These  are  called  the  iuterghbuhir  spaces  of  Czermaky  or  the  granular  latfer  cjf 
Tomes  (Fig.  r>f12,  J).  The  dentinal  tubuli  Iiave  coujparatively  thick  walls,  sind  con- 
tain slender  cylindrical  prolongations  frou^  the  processes  of  the  cells  of  the  pulp- 
tissue  ah^eaily  mentioned,  and  first  descrilied  by  Mr.  Tomes  and  named  Tomes*s 
fibres  or  dentinal  fibres.  These  dentinal  fibres  are  analogous  to  the  soft  contents 
of  the  canaliculi  of  bone.  Between  Tomes's  fibres  and  the  ivory  around  the  canals 
there  is  a  tissue  which  is  markedly  resistant  to  the  action  of  acids — the  dentinal 
sheath  of  Nfiimann. 

The  interintmlar  snhntanee  or  tissue  is  translncenf,  and  contains  the  chief  part 
of  the  eartliy  matter  of  tlie  dentine.  After  the  earthy  matter  has  been  removed 
by  steeping  a  tooth  in  weak  acid  the  animal  basis  remaining  may  be  torn  into 
lamiore  which  run  parallel  with  the  pulp-cavity  across  the  direction  of  the  tubules. 
These  laminj^c  show  the  method  f>f  growth  to  be  by  deposition  of  successive  strata 
of  dentine.  Fibrils  have  been  fuund  in  the  matrix  of  tlie  intertubular  substance, 
and  are  probably  continuous  with  the  dentinal  fibres  of  Tomes,     In  a  dry  tooth  a 
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section  of  dentine  often  tiisplays  a  series  of  lines — tLe  ineremmtal  Unvs  of  Suffer — 
which  tire  piirjillel  with  the  laminae  above  meiitionech  These  lines  are  caused  by 
two  facts :  (1)  The  ioi perfect  rulcification  of  the  Jentinul  hiuiinpe  iai mediately 
adjacent  to  the  line;  i'2)  The  drying  process,  wliich  reveiils  these  defects  in  the 
ealcificatitm.  These  lines  are  wide  or  narroAv  according  to  the  nuniher  of  lamime 
involved,  and  along  their  course,  iti  consc<|Ucnce  of  the  imperfection  in  tlic  calci- 
fying {process,  little  irregular  cavities  are  left,  which  arc  the  ititen/lohnhtr  spaee^ 
already  referred  to.  They  have  received  their  name  from  the  fact  that  they  are 
surrounded  by  nnnute  imdnles  or  globules  of  dentine.  Other  curved  lines  nmy 
he  seen  |iarallel  to  tlie  surface.  These  are  the  Imes  of  Srhrcf/vr^  uwl  are  due  to 
the  optical  effect  of  simultaneous  curvature  of  the  derainal  tubules. 

Cfiemical  Voatpfrntion. — According  to  Berzeliusand  Bibra,  dentine  conaista  of 
28  parts  of  animal  and  72  of  earthy  matter.  The  animal  matter  is  resolvable  by 
boiling  into  gelatin.  The  ejirthy  matter  consists  of  pbosj>lmte  and  carbonate  with 
calcium^  w^ith  a  trace  of  fluoride  of  calcium,  phosphate  of  magnesia^  and  other 
salts. 

The  enamel  is  the  hardest  and  most  compact  part  of  a  tooth,  and  forms  a  thin 
tcrust  over  the  exjtosed  part  of  the  crown  as  far  as  the  commencement  of  the  root. 
it  is  thickest  on  the  grinding  surface  of  the  crown  until  worn  away  by  attritioD, 
and  becomes  thinner  toward  the  neck.  It  consists  of  a  congeries  of  minute 
hexagonal  rods,  columns,  or  prisms.  They  lie  parallel  with  one  another,  resting 
by  one  extremity  upon  the  dentine,  which  presents  a  number  of  minute  depres- 
sions for  their  reception,  and  forming  the  free  surface  of  the  crown  by  the  other 
extremity.     These   fibres  are    directed  vertically  on  the  summit  of  the  crown, 


Fir,.  .56,1— Eiiiiniel  prisms  (850  diamctera ).   A.  Frajnnento  md  illlRlf^  fibres  of  the  enamel  Isolated  by  the  actloa 
of  hydrnchlnric  ncid.    B.  Surflice  of  a  small  fmgmeiu  of  enftinAl,  wnovvitig  itie  hexiigoiwil  ends  of  the  fibres. 

horizontally  at  the  sides ;  they  are  about  the  -^f^j^  of  an  inch  in  diameter,  and 
pursue  a  more  or  less  wavy  course.  Each  enamel  rod  is  crossed  by  a  series  of 
dark  transverse  lines,  whicii  mark  the  mode  of  the  formation  of  the  rods  (Fig, 
h6'S),  Another  series  of  lines,  having  a  l>rown  appearance,  and  denominated  the 
parallel  »trke  of  Betihoi,  or  the  colored  ////c*,  are  seen  on  a  section  of  the  enamel. 
These  lines  are  concentric  and  crosfs  the  enamel  rods.  Tliey  are  caused  by  the 
mode  of  enamel  deposition.  Inasmuch  as  the  enamel  columns,  wlicn  near  the  den- 
line,  cross  each  other  and  only  become  parallel  farther  away,  a  series  of  radial 
markings,  light  and  dark   alternately,  is  obtained  (Fig.  06I), 

Numerous  minute  interstices  intervene  between  the  enamchfihres  near  their 
dentinal  surface*  It  is  noted  in  rare  cases  that  the  dentinal  fibres  penetrate 
a  certain  distance  between  the  rods  of  the  enamel.  Ko  nutritive  canals  exist 
in   the  enaineL 

Vhi'ivival  Vompomtion. — According  to  Bibra,  enamel  consists  of  MO. 5  per  cenL 
of  earthy  matter  and  3.5  per  cent,  of  animal  matter.     The  earthy  matter  consists 
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of  the  phosphate  with  the  carbonate  of  calcium,  with  traces  of  fluoride  of  calcium, 
phosphate  of  nia^rnesia,  and  other  salts. 

The  cortical  substance,  or  cemeEtum  {erusta  petrosa\  is  disposed  as  a  thin  layer 
on  the  roots  of  the  teeth,  frora  the  tenninatinii  of  the  enamel  as  far  as  the  apex  of 
the  root,  where  it  is  usually  very  thick.  In  structure  and  chemical  composition 
it  resembles  bone.  It  contains,  sparindy,  the  lacunae  and  canaliculi  which 
eharacteris^e  true  bone;  the  lacuna  placed  near  the  surface  have  the  canaliculi 
radiating  frora  the  side  of  the  lacunie  toward  tlie  periodontal  membrane,  denttil 
perio^teHm,  and  those  more  deeply  placed  join  with  adjacent  dentinal  tuhiili.  In 
the  thicker  portions  of  the  crusta  petrosa  the  lamella;  and  Haversian  canals  pecu- 
liar to  hone  are  also  occasionally  found* 

As  age  advanre^is  the  moment  iiK-rejiiisi^s  in  thirkness,  and  srive«  rise  tn  those  bouy  growths,  or 
exostoses,  so  commoo  in  the  teeth  ^)f  the  aged  ;  the  judp-caviry  te-onie.'*  al»f>  partially  filled  up 
by  a  hard  siibst:mt?e  intennedlate  in  stnieture  Ijetwecn  dentine  and  hone  {mfro-iifntint\  Owen  ; 
teamdart/  dentiite^  Tomes).  It  is  formed  by  the  udontoblastST  the  dental  pulp  lessening  in 
volume. 

DeTelopmemt  of  the  Teeth. 

The  teeth  are  an  evolution  from  the  dermoid  system,  and  not  of  the  hony  skele- 
ton :  they  are  developed  from  two  of  tlie  blastodermic  layers,  the  epiblawt  and 
mesoblast.  From  the  former  the  enamel  is  developed,  from  the  latter  the  dental 
pulp,  dentine,  comentum,  and  pericememura.  It  is  customary  to  view  the  develop- 
ment of  the  permanent  and  temporary  teeth  as  separate  studies. 

The  earliest  evidence  of  tooth-formation  in  the  human  embryo  is  observe*!  in 
about  the  seventh  week.  The  mucous  membrane  covering  the  embryonic  jaws  is 
seen  to  rise  as  a  longitudinal  ridge  along  the  summit  of  each  Jaw,^  A  transverse 
section  through  the  jaws  will  show  the  elevation  to  be  due  to  a  linear  and  outlined 
activity  of  the  germinal  epithelial  layer:  a  corresponding  epithelial  growth  is  seen 
to  sink  as  a  band  into  the  mesobhistic  tissue  beneath.  The  local  cell-activity  con- 
tinues, and  in  its  descent  the  band  appears  to  meet  with  a  resistance  which  causes  ftj 
flattening  of  its  extremity  into  a  continuous  lamina.  From  the  inner  (toward  the 
tongue)  edge  of  the  lamina  epithelial  cords  ai-e  given  off,  ten  in  number,  one  for 
each  temporary  tootli. 

The  growth  of  each  cord  continues,  and  eacli  expands  into  a  flask -like  form,  th© 
walls  covered  by  a  layer  of  germinal  cells,  its  interior  by  swollen  mature  cells. 
The  ingrowing  bulb  is  now  seen  to  flatten  upon  its  lower  surface,  as  thougli  it  had 
met  with  an  outlined  resistance  from  the  mesoblastic  ti.ssne  beneath.  The  epithelial 
ingrowth  assumes  the  general  form  of  the  several  teeth  ;  it  is  the  enamel-organ  of 
the  to<ith  (Fig.  504).  At  this  perind  the  mesoblastic  tissue  around  each  enamel- 
organ  is  seen  to  become  differentiated  into  fibrous  tissue  surrounding  the  enamel- 
organs,  but  at  some  distance  from  them.  Islets  of  bone  are  also  seen  to  be  forming 
the  beginning  of  the  bony  maxiUte. 

The  indentation  of  the  base  of  the  enamel-organ  continues  until  it  assumes 
the  form  of  the  future  teeth.  The  cells  bounding  the  organ  assume  a  cylin- 
drical form  ;  the  cells  of  the  interior  become  much  expanded,  irregular  in  size 
and   form. 

The  mesu  bias  tic  tissue  underlying  the  enamel -organ  is  much  condensed  ;  evi^i 
deuces  of  cellular  difl'erentiation  and  a  vascular  system  appear.  Bone  continues  to 
develop  until  all  of  the  tooth-follicles  are  embraced  in  a  gutter  of  bone.  From  the 
lingual  side  of  the  cords  of  the  teujporary  teeth  epithelial  Imds  are  given  off,  which 
sink  into  the  mesoblastic  tissue  and  form  the  enamel-organs  of  the  penuanent  teeth. 
The  condensation  of  fibrous  tissue  continues  until  each  embryonic  tooth  is  enveloped 
in  a  sac,  the  dental  sac ;  this,  together  with  all  of  its  contents,  is  called  the  dental 
follicle. 

Tlie  cells  of  the  enarnel-organ  now  undergo  a  series  of  differentiations  :  the 
inner  layer  is  arranged  as  columnar  epithelium,  and  is  called  the  ameloblastic  or 

*  The  maii!liury  mm  part  of  Kolliker  Waldeyer. 
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enamel-fonning  layer  (Figs.  565  and  566)*     The  cells  of  the  outer  wall  remain 
cuboidal  ;  the  cells  wliirh  He  between  boeome  much  distendecl,  and  on  account  of 


Fia.  5i>4.— Pliiemm  of  method  af  lievelonmimi  of  thi.'  teeth,  t  Early  fitutfu.  4.  Later  stARc.  2,  %  Ifitcnm^ 
dlAU?  HtAKes.  f.  Cummoit  dental  germ,  o,  special  denULL  germ  (milk).  &.  Special  ileotal  germ  (perm&neiiii* 
p.  Fnpillii.    e.  Dental  f\irTow.    (Gcgenbaur.) 

their  appeaniTK-e  when  seen  in  section  this  portion  of  the  organ  is  called  the  stellate 
reticiiluui  (the  ensunel-jelly).  The  layer  ui  cells  immediately  contiguous  to  the 
anieliihhust^  form  a  Inyer  called  the  stratum  intennedium  (Fig.  566 A — J>). 

The  enclosed  uicsijhlastic  papilla  (the  future  dental  pulp)  hns  its  peripheral  cells 
[differentiated  into  columnar  bodies  ukposed  as  a  layer,  each  cell  having  a  large 
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H©.  W&.— yeitical  section  of  tlie  Inferior  maxilla  of  nn  curly  human  fa^ttiK.    (Magnified  2ft  diameters.) 

nucleus.  The  vaj^cular  ^^upply  of  the  pulp  is  now  well  uuirked.  A  section  of  a 
follicle  at  this  period  will  exhibit  the  ftdlicuhir  wall  springing  from  the  base  of  the 
[dental  papilla  and  having  a  well-marked  blnod-8upply.  The  bony  alveolar  walls 
are  well  ootlinecl,  and  evidences  of  a  peritisteiim  appear  (Figs.  565  iiUil  566). 

DeTelopmeut  of  Enamel. — In  pcunt  "of  time,  the  deposition  of  dentine  actually 
begins  before  that  of  eiiameh  so  that  the  first-forme<l  layer  of  eniunel  is  dejjosited 
against  a  layer  of  immature  dentine.  The  enamel  is  built  up  of  two  distinct  sub- 
stances— globules  of  uniform  size  which  are  fonned  by  the  ameloblasts,  and  a 
cementing  substance,  probably  an  albuminate  of  calcium  (calco-globulin),  the  basis 
of  all  the  calcified  tissues.  At  the  etiils  af  the  amelnb lasts,  next  to  the  dentine, 
the  secretion  calco-giobulin  is  defjosited,  and  into  the  plastic  mass  the  enamel- 
globules  are  extruded,  each  globule  remain ing  connected  with  the  ameloblasts  by 
plasmic  strings,  which  also  join   the  globules  laterally.* 

The  first  deposit  of  enamel  begins  in  the  tips  of  the  cusps,  and  is  quickly  fol- 
lowed by  a  disappearance  of  the  stellate  reticulum  at  that  point ;  ihe  stellate  retic- 
uium  now  appears  to  atrophy,  so  that  the  vascular  fullicular  wall  is  brought  into 
direct  apposition  with  the  stratum  intermediunu  wliich  hecomes  differentia  ted  into  a 
glan<hr!ar  (secreting)  tissue  which  el abi urates  the  calcic  albuminous  basis  of  the 
enamel.  The  secretion  passes  from  the  cells  of  the  stratum  intermedium  through  a 
membrane  into  the  ameloblaj^ts,   where  it   is  in   part  comhinetl  with   the  cellular 

*  J.  L.  Williams   Ifrulnf  Oumtrt^,  1896. 
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globwle8,  and  irregular  lunsses  of  it  extruded  as  cementing  substance.  The  deposi- 
tion continues  until  tho  eiKUuel-cap  has  its  typical  form.  TLe  tleposition  of  the 
layers  of  globules  is  ludicated  by  parallel  lines  transverse  to  the  axes  of  tiie  enamel- 
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Fig.  666,— a.  Sc^  <-h  Imitb  fi>Ui«.'le— himinii canine Tiitumthti:  A,  foUiculur  walh  ». ouler  eplthelUl 

coat;  C,  BleUate  retirnjuui  .  J'^  slmttim  inttiruiiediumi  £,  ameloblast^  :  ^\  tHioulublaata ;  (?,  pulp. 

B.  Dimv^TU  afttT  Wnii/iinis  {l^ntftil  Omnof,  lh'M\),  jwnio  of  L-nami'l  <li'jM»*'ilioii :  A,  hUjml  supply  to  /I,  secreting 
IiapUlfl^;  C  layer  of  muetobla&tji  tuiitimliiiivR  eMHTiit'l  ^Ifibmlrs  and  rlroplet*  of  eolroj^lobuHn  ;  IK  cnamel-globuleA 
deiwiKited :  E,  farmed  dftitlne;  F,  foniilng  deiitiDt- ;  ii,  layer  of  uuontobU^ts ;  //,  blm>cl  supply  to  mlonto- 
blaatic  layer. 

rods.     At  the  completion  «^f  amelification  the  ameloblasts  are  partially  calcified  and 
form  the  *vitieula  dentis  or  Nasmyth's  membrane* 

Formation  of  Dentine.— The  layer  of  columnar  cells  bounding  the  periphery  of 
tbe  pulp  (the  odontoblasts)  are  in  apposition  with 
a  plexus  of  capillary  vessels  ( Fig.  oHH,  A).  Each 
cell  is  a  secreting  IhhIv  which  selects  tiie  mate- 
rial  for  dentine-buildiug.  Against  t!ie  layer  of 
am elob lasts  covering  the  dental  papilla  the  odon- 
toblasts deposit  globules  of  the  calcium  albu- 
minate, and,  receding  as  the  deposits  are  made, 
leave  *me  or  more  protoplasmic  processes  in 
the  calcic  deposit  (Tomer's  fibre*').  The  process 
continues  until  the  normal  dentine  thickness  is 
formed.  The  deposit  is  laid  down  in  a  scaffold- 
ing of  finely  fihrilhited  tissue.  The  hiyer  of 
formative  cells  remains  constant. 

Formation  of  Cementum. — Ilertwig  asserts 
that  the  epithelial  edge  of  the  enamel-organ 
formed  by  the  inner  and  outer  epithelial  layers 
of  the  organ  grows  downward,  or  rather  the 
developing  tooth  grows  upward  until  the  future  root-form  of  the  tooth  is  outlined 
by  a  tlouble  layer  of  epithelial  cells  (the  root-sheath  of  Ilertwig).  The  growth  of 
alveolar  proceas  is  synchronous* 

Upon  the  pulp  side  nf  the  sheath  a  layer  of  odontoblasts  is  developed  ;  upon 
the  outer  side  the  fibrous  encasement  becomes  closely  attached  to  the  sheath  and  a 
layer  of  osteogenetic  cells  (cementoblasts)  is  differentiated*  The  growth  of  the 
dentine  of  the  root  is  the  same  as  in  t!ie  crown.  Tho  epithelial  sheath  undergoes 
atrophic  changes,  leaving  epithelial  wliorls  which  remain  in  the  pericementum* 
The  cementum  is  developed  as  subperiosteal  bone*  The  eementum  over  the  apex 
of  tlie  root  is  not  formed  until  after  the  ertiption  of  the  tooth. 

Fonnation  of  Alveoli* — Bv  the  time  the  crowns  of  the  teeth  have  formed,  each 


Fio.  5ift7.— Part  of  section  of  developintt 
t^oth  of  young  rat,  showing  the  luotU*  ofl 
tlrpitwtti'm  of  the  dentine  (hiuhlv  m<»ttnl« 
fied>.  a  Outer  layer  of  fully-ealriliod  aeo-j 
tine,  h,  ruealeilled  matrix  with  a  fi  u  nf»d- 
tiles  of  eakureouti  iiiRtter.  c.  f  Klontoblftstal 
with  proees*ie3  extfudiuK  into  the  lUiOlne* 
d.  Pulp.  Tbe  fieetioii  is  stained  with  car- 
mine, whieh  coktrti  the  un*akitled  matrix, 
but  not  the  ealeitled  part. 
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is  enclosed  in  a  loculua  of  bone  whicb  baft  devobiped  arouml  it  and  at  some  distance 
from  it :  tbe  loriilii,^  is  open  at  tlte  top  towani  the  gum,s,  where  it  m  do^jed  by 
fibrous  tissue ;  tbc  develnping  peruiHii<ent  tooth  is  contained  in  tbe  saiue  loeulus, 
but  is  later  separated  from  the  ttioiporary  tooth  by  a  growth  of  l>one*  The  alveolar 
process  13  not  completed  until  after  tbe  eruption  of  the  teeth.  During  eruption 
tbat  portion  of  the  process  overlying  the  crown  undergoes  absorption,  and  as  soon 
as  the  immatur-^  tootli  1ms  erupted  the  alveolar  process  is  developed  about  the  root, 
whose  formation  is  also  compbteil  after  eniption. 

Development  of  the  Permanent  Teeth, — The  permanent  teeth  as  rei/ards  their 
development  may  be  divided  into  two  &ets :  (l)tliose  which  replace  the  temporary 
teeth,  and  whicli,  like  tbem,  are  ten  in  number:  these  are  the  sucecisswftftl  per- 
m^fietit  teeth  :  anil  (2)  those  which  have  no  temporary  predecessors,  but  are 
superadded  at  the  back  of  the  dental  series.  These  are  three  in  number  on  either 
side  in  each  jaw,  and  are  termed  the  st^itrraddt'd  perfnttnent  teeth.  They  are  the 
tliree  nudsirs  of  the  permanent  set,  the  luobirs  of  the  temjjorary  set  being  replaced 
by  the  premolars  or  hicuspids  of  the  permanent  set. 

Tbe  development  of  the  fnireeitmitui!  permanent  teeth— t\iQ  ten  anterior  ones 
in  either  jaw^wiU  be  first  considered.  As  already  stated,  the  germ  of  eacb 
milk  tootb  is  a  special  thickening  of  tbe  "'free  ''  edge  of  the  common  dental  germ 
or  dental  lamina.  In  like  manner  is  formed  tbe  special  dental  germ  of  each 
of  the  successional  perruancnt  teeth.  But  these  thickenings  are  not  at  the 
^'free''  edge  of  the  dental  lamina,  but  occur  behind  und  lateral  to  each  of  the 
milk-tooth  germs  (Fig.  564).  There  are  ten  of  these,  and  tliey  appear  in  order, 
about  the  sixteenth  week,  on  each  side,  the  central  incisor  germs  being  tbe 
first. 

These  special  dentnl  germs  now  go  through  the  same  transformations  (and 
become  enameborgans)  as  were  described  in  connection  with  those  of  the  milk 
teeth ;  that  is,  they  recede  into  the  substance  of  the  gum  behind  the  germs  of  the 
temporary  teeth.  As  they  recede  they  become  flask-shaped^  form  an  expansion 
of  their  distal  extremity,  and  finally  meet  a  papilla,  which  has  been  formed  in 
the  mesohlast,  just  in  tbe  same  manner  as  was  the  ease  in  tlie  temporary  teeth. 
The  apex  of  the  jiapilla  indentates  tfie  dental  germ,  which  eiicloses  it,  and  form- 
ing a  cap  for  it,  un<lergt>es  analogous  changes  to  those  described  in  the  develop- 
ment of  the  milk  teeth,  and  becomes  converted  into  the  enamel,  wliilst  the  papilla 
forms  the  dentine,  of  the  permanent  tooth.  In  its  development  it  be€*omes  en- 
closed in  a  dentinal  sac  which  adheres  to  the  haek  of  the  sac  of  tbe  temporary 
I  tooth.  The  sac  of  each  permanent  tooth  is  also  connected  with  the  fibrous  tissue 
of  the  gum  In'  a  slender  baml  or  tjuherttnrtflH/n,  which  passes  to  the  margin  of 
the  jaw  behind  the  corresponding  milk  toutb  (see  above). 

The  sujH'rafftJed  perm<inent  teeth— ihviM^  on  eacli  side  in  each  jaw — arise  from 
successive  extensions  backward^*,  c.  along  the  line  of  the  jaw— of  the  common 
dental  germ  from  the  back  part  of  tbe  special  dental  germ  of  the  immediately 
preceding  tooth.  During  the  fourth  month  or  seventeenth  week,  in  that  portion 
of  the  common  dental  germ  which  lies  hebind — /.  c.  lateral  to  the  special  dental 
gerui  of  the  last  temjiorary  molar  tooth,  and  which  has  hitherto  remained  unab 
tered,  there  is  developed  the  special  dental  germ  of  the  first  permanent  molar 
into  which  a  papjHa  projects.  In  a  similar  manner,  about  the  fourtli  month 
after  birth  the  .second  molar  is  formed,  and  about  the  third  year  the  third 
molar. 

£ritptioH.—\Xhi^M  the  calcification  of  the  difiVrent  tissues  of  the  milk  tooth 
is  sufficiently  advanced  to  enable  it  to  bear  tbe  pressure  to  which  it  will  be  after- 
ward subjeeted,  its  erojjtiou  takes  |dace,  tbe  tootb  making  its  way  through  the 
gum.  The  gum  is  absorbed  by  the  pj*essure  of  the  crown  of  the  tooth  against  it, 
which  is  itself  prcs.sed  up  by  the  increasing  size  of  the  fang.  At  the  same  time 
the  septa  between  the  dentinal  sacs,  at  first  fihrous  in  structure,  ossifv  and  thus 
form  tbe  loculi  or  alveoli ;  these  firmly  embrace  the  necks  of  the  teeth  and  afford 
them  a  solid  basis. 
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Previou?*  to  the  permmumt  teeth  penetrating  tbe  gura*  the*  bony  partitions 
wliicli  Fojiarate  their  saca  from  the  deeichioys  teeth  are  absorl*e(l,  the  roots  of 
the  temporsiry  teeth  disappear  by  absorption  through  the  agency  of  partieular 
moltinucleated  cells,  called  odontodmtSy  which  are  developed  at  the  time  in  the 
neighborhood  of  the  root^  and  the  permanent  teeth  become  placed  under  the 
loose  crown  of  the  deciduous  teeth;  the  latter  finally  become  detached,  and  the 
permanent  teeth  take  their  place  in  the  mouth  (Fig,  568), 


i  ^  ^ 


Pre.  568.— The  milk-teeth  In  a  child  of  about  four  years.    Tho  peraiaueui  WeUi  are  seiin  In  their  uItooU, 
(Cryer.) 

Ca lelfiea t to h  of  the  p erm a n en t  teeth  p ro ceeds  in  the  f o  1  lo w i n g  o r d e r :  First 
molar,  soon  after  birth  ;  the  central  incii^or,  lateral  incisor,  and  cuspid,  about  six 
months  after  birth;  the  bicuspids,  at  the  second  year  or  later;  second  molai%  end 
of  second  year ;  third  molar,  about  the  twelfth  year. 

The  eruption  of  th*^  temporarif  teeth  commences  at  the  seventh  month,  and  is 
complete  about  tfje  end  of  the  second  year. 

The  periods  for  the  eruption  of  the  temporary  set  are  (C.  8.  Tomes)^ — 

Lower  central  incisors .  6  to    9  months. 

Upper  incisors 8  to  10 

Lower  lateral  incisors  and  fii-st  molars  .       ,       .       .  15  to  21 

Canines 10  to  20 

Second  molars f^^Mo  24        *' 

The  eruption  of  the  permanent  teeth  takes  place  at  the  following  periods,  the 
teeth  of  the  lower  jaw  preceding  those  of  the  upper  by  a  short  interval ; 

6 J  years,  first  molars.  lOth  year,  second  bicuspid. 

7th  year,  two  middle  incisors.  11th  to  12tb  year,  canine. 

8th  year,  two  lateral  incisors.  l'2tti  to  18th  year,  second  molars. 

9th  year,  first  bicuspid.  17th  to  21st  year,  thinl  molars. 
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THE  PALATE. 

The  palate  forms  the  roof  of  tbe  iiioutii :  it  consists  of  two  portions,  the  hard 
palate  in  front,  the  soft  palate  belli nd. 

The  hard  palate  h  bounded  in  front  and  at  the  sides  by  the  alveolar  arches 
and  gums;  behind,  it  is  eontinuous  with  the  soft  puhite.  It  is  covered  by  a  dense 
struct u re  formed  by  the  periosteum  and  mucous  membrane  of  the  month,  which 
are  intimiitelj  adherent  together.  Along  the  middle  line  is  a  linear  ridge  or 
raphe,  ^vhich  terminates  anteriorly  in  a  small  paijilln  {incisive  pad)  eorrespoud- 
ing  >vith  the  inferior  opening  of  the  anterior  pahitine  fossa.  This  papilla 
receives  filaments  from  the  naso-palatine  and  anterior  palatine  nerves.  On  either 
side  and  in  front  of  the  raphe  the  mucous  membrane  is  thick,  pale  in  color,  and 
corrugated;  behind,  it  it^  thin,  sioooth,  and  of  a  dee[»er  color:  it  is  covered  with 
squamons  epithelium,  nud  furninhed  witli  niimeruus  glands  ( palatal  glands), 
which  lie  between  the  mucous  membrane  and  the  surface  of  the  bone. 

The  soft  palate  (velum  pendidum  palati)  is  a  movable  fold  susjiended  from  the 
posterior  border  of  the  hard  palate,  and  forming  an  incomplete  septum  between 
the  motith  and  pltarynx.  It  consists  of  a  fold  of  mucous  mendirane  enclosing 
.muscular  fibres,  an  aponeurosis,  vessels,  nerves,  adenoid  tissue,  and  mncons 
[glands.  When  occupying  its  usual  position  {/.  t*.  relaxed  and  pendent)  its  anterior 
surface  is  concave,  continuous  with  the  roof  of  the  luoirth,  and  marked  by  a 
median  ridge  or  raphe,  which  indicates  its  original  separation  into  two  lateral 
halves.  Its  posterior  surface  is  convex,  and  continuous  with  the  mucous 
membrane  covering  the  floor  of  the  posterior  nares.  Its  up[ter  border  is  attached 
to  the  posterior  margin  of  tlie  hard  palate,  and  its  sides  are  blended  with  the 
pharynx.      Its  lower  border  is  free. 

Hanging  from  the  middle  of  its  lower  border  is  a  small,  conical-shaped 
pendulous  process,  the  uvula^  and  arching  outward  and  downward  from  the  base 
of  the  uvula  on  each  si<le  are  two  curved  folds  of  mucous  membrane,  containing 
muscular  fibres,  called  the  arches  or  piilara  of  the  soft  palate. 

The  anterior  piihrit  run  downward,  outward,  and  forward  to  the  sides  i>f  the 
base  of  the  tongue,  and  are  formed  by  the  projection  of  the  Palato-glossi  muscles, 
covered  by  mucous  membrane. 

The  posterior  pillars  are  nearer  to  each  other  and  larger  than  the  anterior ;  they 
run  downward,  outward,  and  backward  to  the  sides  of  the  pharynx,  and  are 
formed  by  the  projection  of  the  Palato-pharyngei  muscles,  covered  by  mucous 
membrane*  The  anterior  and  posterior  pillars  are  separated  below  by  a  triangular 
interval  in  wliieh  the  tonsil  is  lodged. 

The  space  left  between  the  arches  of  the  palate  on  the  two  sides  is  called  the 
isthmus  of  the  fauces.  It  is  bounded,  above,  by  the  free  margin  of  the  soft  (lalate  ; 
below,  by  the  back  of  the  tongue:  and  on  eac-h  side,  by  the  pillars  of  the  soft 
palate  and  the  tonsil. 

The  tuuvoutt  memh'ane  of  the  Roft  palate  is  thin,  and  covered  with  squamous 
epithelium  on  its  under  surface,  while  on  its  superior  surface  the  epithelium 
is  columnar  and  ciliated.^  Beneath  the  mucous  membrane  on  the  oral  surface 
of  the  soft  palate  is  a  considerable  amount  of  adenoid  tissue.  The  palatine  glands 
form  a  continuous  layer  on  its  posterior  surface  and  round  the  uvula, 

l^hQ  aponeurosis  of  the  soft  palate  is  a  thin  but  firm  fibrous  layer  attached  above 
to  the  [posterior  border  of  the  hard  palate,  and  becoming  thinner  toward  tbe  free 
margin  of  the  velum.  Laterally,  it  is  continuous  with  the  pharyngeal  aponeurosis. 
It  forms  the  framework  of  the  soft  palate,  and  is  joined  by  the  tendon  of  the  Tensor 
palati  muscle. 

The  luuscles  of  the  soft  palate  are  five  on  each  side:  the  Levator  palati. 
Tensor  palati.  Azygos  uvulje,  Palato-glossus,  and  Palato-pharyngeus  (see  j)age421). 
The  following  is  tbe  relative  position  of  these  structures  in  a  dissection  of  the  soft 

*  According  to  Klein,  ihe  mucous  membmne  on  ihe  nasal  svirface  of  llie  soft  pnlate  h  in  the 
foetus  covered  tliroughoui  bv  colnmimr  ciliated  epithelium,  wbieh  Bubtequently  becomes  ^uamotis. 
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palate  from  the  posterior  or  nasal  to  the  anterior  or  oral  surface :  Immediately 
Wneatli  t!»e  rmsal  mueous  membraae  is  a  ttiin  stratmii  of  muscular  fibres,  the 
posteriur  fMsuiculus  of  the  I*alalo-]>harvus^eus  muscle,  joiDing  with  its  fellow  of 
the  opposite  side  in  t!ie  middle  line.  Beneath  this  is  the  Azygos  uvul^,  consist- 
ing of  two  rotimled  fleshy  fasciculi,  placed  siilc  by  side  in  the  median  line  of  the 
soft  palate.  Next  come  the  fibres  of  the  Levator  palati,  joining  with  the  muscle 
of  rhe  opp(^site  side  in  the  middle  line.  Fourthly^  the  anterior  fascicidus  of  the 
Palato-pharyngeus,  thicker  than  the  posterior,  and  separating  the  Levator  palati 
from  the  next  muscle,  the  Tensor  palati.  This  muscle  terminates  in  a  tendon 
whichv  after  winding  round  the  hamular  process,  expands  into  a  broad  aponeurosis 
in  rhe  soft  palate,  anterior  to  the  other  muscles  which  have  been  enumerated. 
Finally,  we  have  a  thin  muscular  stratitm,  the  Palato-glossus  muscle,  placed  in 
front  of  the  aponeurosis  of  the  Tensor  palati,  and  sepamted  from  the  oral  mucous 
membrane  by  adenoid  tissue. 

The  tonsils  [aim/tfdala^  are  two  glandular  organs,  situated  one  on  each  side  of 
the  fauces,  between  the  anterior  and  posterior  pillars  of  the  soft  palate.  They  are 
of  a  rounded  form,  and  vary  considerably  in  size  in  different  individuals*  Exter- 
nally the  tonsil  is  in  relation  with  the  inner  surface  of  the  Superior  constrictor, 
which  separates  it  from  the  internal  carotid  and  ascending  pharyngeal  arteries. 
It  corresponds  to  the  angle  of  the  lower  jaw.  Its  imter  Hurface  presents  from 
twelve  to  fifteen  orifices,  leading  into  small  recesses,  from  which  numerous  follicles 
branch  out  into  the  substance  of  the  gland.  These  follicles  are  lined  by  a  continua- 
tion uf  the  mucous  membrane  of  the  pharynx,  covered  with  epithelium:  around 
each  follicle  is  a  layer  of  closed  capsules  imbedded  in  the  submucous  tissue.  These 
capsules  are  analogous  to  those  of  Peyer's  glands,  consisting  of  adenoid  tissue. 
No  openings  from  the  capsules  into  the  follicles  can  be  recognized.  They  contain 
a  thick  grayish  secretion.  Surrounding  each  follicle  is  a  close  plexus  of  lymphatic 
vessels.  From  these  plexuses  the  lymphatic  vessels  pass  to  the  ileep  cervical 
glands  in  the  upper  part  of  the  neck,  which  frequently  become  enlarged  in  affec- 
tions nf  these  organs. 

The  arteries  supplying  the  tonsil  are  the  dorsalis  linguae  from  the  lingual,  the 
ascending  palatine  and  tonsillar  from  the  facial,  the  ascending  pharyngeal  from  the 
external  carotid,  the  descending  palatine  branch  of  the  internal  maxillary,  and  a 
twig  from  the  small  meningeaL 

The  vein»  terminate  in  the  tonsillar  plexus,  on  the  outer  side  of  the 
tonsil. 

The  nerves  are  derived  from  MeckeFs  ganglion  and  from  the  glosso-pharyngeal. 

THE  SAUVARY  QLANDS  (Fig.  569). 

The  principal  salivary  glands  communicating  with  the  mouth  and  pouring 
their  secretion  into  its  cavity  are  the  parotid,  submaxillary,  and  suldingual. 

The  parotid  gland,  so  called  from  being  placed  near  the  ear  (xapd,  near  ;  oJc. 
mzoz,  the  ear),  is  the  largest  of  the  three  salivary  glands,  varying  in  weight  from 
half  an  ounce  to  an  ounce.  It  lies  u])on  the  side  of  the  face  immediately  below 
and  in  front  of  the  external  ear.  It  is  limited  above  by  the  zygoma ;  below,  by 
the  angle  of  the  jaw  and  by  a  line  di*awn  between  it  and  the  mastoid  process: 
anteriorly,  it  extends  to  a  variable  extent  over  the  Masseter  muscle;  posteriorly, 
it  is  bounded  by  the  external  meatus,  the  mastoid  process,  and  the  Sterno-mastoid 
and  Digasti*ic  muscles,  slightly  overlapping  tlie  latter. 

Its  anterhr  surfaee  is  grooved  to  embrace  the  posterior  mai*gin  of  the  ramus  of 
the  lower  jaw,  and  advances  forward  beneath  the  ramus,  between  the  two  Pterygoid 
muscles  and  in  front  uf  the  ramus  over  the  Masseter  muscle.  Its  outer  surface^ 
slightly  lobiilated,  is  covered  by  the  integument  and  parotid  fascia,  and  has  one  or 
two  lymphatic  glands  resting  on  it.  Its  hifttr  i^urffh^i-  extends  deeply  into  the  neck 
by  means  of  two  large  processes,  one  of  which  dips  behind  the  styloid  pi^ocess  and 
projects  beneath  the  mastoid  process  and  the  Sterno-mastoid  muscle ;  the  other  is 


and  the  internal  maxillary  winds  through  it  fus  it  passes  inward,  behind  the  neck 
of  the  jaw.  Superficial  to  the  external  carotid  is  the  trunk  formed  by  the  nnion 
of  the  temporal  and  internal  maxillarv  veins;  a  branch-,  connecting  this  trtmk 
with  the  internal  jugular,  also  passes  through  the  gland.  It  is  also  traversed  by 
tlu*  facivil  nerve  and  its  branches,  whicb  emerge  at  ittj  anterior  border ;  branches  of 
the  great  auricular  nerve  i)iercc  the  gland  to  join  the  facial  and  the  auriculo* 
temporal  branch  of  the  inferior  maxillary  nerve  emerges  from  the  upper  part  of  the 
gland.  The  internal  carotid  artery  and  internal  jugular  vein  lie  close  to  its  deep 
surface. 

The  duct  of  the  parotid  gland  (Sttnfion'a)  is  about  two  inches  and  a  half  in 
length.  It  commences  by  numerous  branches  from  the  anterior  jiart  of  the  gland, 
crosses  the  Massetcr  muscie.  and  at  its  anterior  border  dijis  down  into  the  substance 
of  the  Buccinator  muscle,  which  it  [lierces;  it  then  runs  for  a  short  distance  oblirjuely 
forward  between  the  Buccinator  and  muciHis  merubrane  of  the  mouth,  and  opens 
upon  the  inner  surface  of  the  cheek  by  a  small  orilice  ojiposite  the  second  molar 
touth  of  the  upper  jaw.  While  crossing  the  Masseter  \t  receives  the  duct  of  a  small 
detached  ytortion  of  the  gland,  m>eia  piirotidfit,  which  occasicuuilly  exists  as  a  separate 
bibe,  just  beneatb  the  zygomatic  arch.  In  this  jKisition  it  has  the  transverse  facial 
artei'y  above  it  and  some  branches  of  tlie  facial  nerve  below  it. 

Structure, — ^The  parotid  duct  is  dense,  of  considerable  thickness,  and  its  canal 
about  the  size  of  a  crowquill ;  it  consists  of  an  external  or  fibrous  coat^  of 
considerable  density,  containing  contraetjle  fibres,  and  of  an  internal  or  mucous 
coat  lined  with  short  columnar  epithelium. 
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Surface  Form,— The  direction  of  the  duet  corresponds  to  a  line  drawn  across  the  face  about 
a  flnger'i*  breadtli  bolaw  the  zytronia ;  that  is.  from  the  lower  part  of  the  tragus  to  midway 
between  tlie  free  iimr^nti  of  the  ujjper  lip  aud  the  ala  of  the  uop^e. 

Vessels  and  Nerves, — ^The  arteries  supplying  the  parotid  gland  are  derived  from 

the  external  carotid,  and  from  the  branches  given  off  by  that  ve.ssel  in  or  near  its 
substance.  The  imns  empty  themselves  into  the  external  jqgular  through  some 
of  its  tributaries.     The  lymphatics  terminate  in  the  superficial  and  deep  cervical 
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Fig.  570.— a  highly  minified  section  of  the  ftUbmaxlUary  gland  of  the  dog»  lUlned  with  carmine.    (Kolllkcr.) 

glands,  passing  in  their  course  through  two  or  three  l>Tnphatic  glands  placed  on 
the  surface  and  in  the  substance  of  the  parotid.  The  nerves  are  derived  from  the 
carotid  plexus  of  the  sympathetic,  the  facial,  the  auricnlo- temporal,  and  great 
atuicular  nerves. 

It  is  ])robable  that  the  branch  from  the  auricnlo-temporal  nerve  is  derived 
from  the  glosso-pharyngeal  through  the  otic  ganglion  (which  see).  At  all  events, 
in  some  of  the  lower  animals  this  has  been  proved  experimentally  to  be  the 
case. 

The  submaxillary  gland  is  situated  below  the  jaw,  in  the  anterior  part  of  the 
submaxillary  triangle  of  the  neck.  It  is  irregular  in  form  and  weighs  about  two 
drachms  (8-10  grammes).  It  is  covered  by  the  integument,  Platysma,  deep  cer- 
vical ffiscia,  and  the  body  of  the  lower  jaw^  corresponding  to  a  depression  on  the 
inner  surface  of  the  bone,  and  lies  upon  the  Mylo-hyoid,  Hyo-glossus,  and  Stylo- 
glossus muscles,  a  portion  of  the  gland  passing  beneath  the  posterior  border  of 
the  Mylo-hyoid,  In  front  of  it  is  the  anterior  belly  of  the  Digastric;  behind,  it 
is  separated  from  the  parotid  gland  by  the  atylo-maxillary  ligament,  and  from  the 
sublingual  gland  in  front  by  the  Mylo-hyoid  muscle.  The  facial  artery  lies  im- 
bedded in  a  groove  in  its  posterior  and  upper  border. 

The  duct  of  the  submaxillary  gland  ( Wliartona^)  is  about  two  inches  in  length, 
and  its  walls  are  much  thinner  tluui  those  of  the  jiarotid  duct.  It  commences  by 
numerous  branches  from  the  deep  portion  of  the  gland,  and  passes  forward  and 
inward  between  the  Mylo-hyoid  and  the  Hyo-glossus  and  Genio-hyo-glossus  mus- 
cles, then  between  the  sublingual  gland  aufj  the  Genio-hyo-glossus,  and  opens  bv 
a  narrow  orifice  on  the  summit  of  a  small  papilla  at  the  side  of  the  frienum  linguue. 
On  the  Hyo-gb)88US  muscle  it  lies  between  the  lingual  and  hypoglossal  nerves,  but 
at  the  anterior  border  of  the  muscle  it  crosses  under  the  lingual  nerve,  and  is  then 
placed  above  it. 

Vessels  and  Nerves. — The  arteries  supplying  the  submaxillary  gbind  are 
branches  of  the  facial  and  lingual.  Its  veins  follow  the  course  of  the  arteries. 
The  Jierves  are  derived  from  the  submaxillary  ganglion,  through  which  it  receives 
filaments  from  the  chorda  tympani  of  the  facial  and  lingual  hnincli  of  the 
inferior  maxillary,  from  the  mylo*hyoid  branch  of  the  inferior  dental,  and  from 
the  sympathetic. 
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The  subUngiial  gland  is  the  smallest  of  tbe  salivary  glands.  It  is  aitnated 
beneath  the  mucoTis  membrane  of  the  floor  of  the  month,  at  the  side  of  the  fnennm 
tingnie,  in  contact  with  the  inner  snrface  of  the  lower  jaw,  close  to  the  symphysis. 
It  is  narrow,  flattened,  in  shape  somewhat  like  an  almond,  and  weighs  about  a 
drachm.  It  is  in  relation,  ahovt\  with  the  mncous  membrane  ;  hehruK  with  the 
Myh>hyoid  mnscle;  in  fronts  with  the  depression  on  the  side  of  the  symphysis  of 
the  lower  jaw,  and  with  its  fellow  of  the  opposite  side ;  behind,  with  the  deep 
part  of  the  submaxillary  irland ;  and  internaUy,  with  the  Genio-hyo-glossus, 
frrmi  which  it  is  separated  by  the  lingual  nerve  and  Wharton's  dnet.  Its 
excretory  ducts  {duetB  of  Rivmu»\  from  eight  to  twenty  in  number,  open 
separately  into  the  mouth,  on  the  elevated  crest  of  raucous  membrane  caused  by 
the  profection  of  the  gland,  on  either  side  of  the  frnf^nnm  lingnre.  One  or  more 
join  to  form  a  tube  which  opens  into  the  Wharton ian  duct ;  this  is  called  the  duH 
of  Barihofin, 

Vessels  and  Nerves,— The  sublingual  gland  is  supplied  with  blood  from  the 
sublingual  and  submeutal  arteries.     Its  nerves  are  derived  from  the  lingual. 

Structure  of  Salivary  Olands.^ — The  salivary  are  compound  racemose  glands, 
consisting  of  numerous  lobes,  which  are  made  up  of  smaller  luhules  connected 
together  by  dense  areolar  tissue,  vessels,  and  ducts.  Each  lobule  consists  of  the 
ramifications  of  a  single  duct,  ^*  branching  frequently  in  a  tree-like  manner/'  the 
branches  terminating  in  dilated  ends  or  alveoli,  on  which  the  capillaries  are 
distributed.  These  alveoli,  however,  as  Pflnger  points  out,  are  not  necessarily 
syjberical,  though  sometimes  they  a.ssume  that  form  ;  sometimes  they  are  perfectly 
cylindrical,  and  very  often  they  are  mutually  compressed.  The  alveoli  are  enclosed 
by  a  basement  membrane  which  is  continuous  with  the  iriemhrana  propria  of  the 
duct.  It  presents  a  peculiar  reticulated  structure,  having  the  appearance  of  a 
basket  with  open  meshes,  and  consisting  of  a  network  of  branched  and  flattened 
nucleated  cells. 

The  alveoli  of  the  salivary  glands  are  of  two  kinds,  which  differ  both  in  the 
appearance  of  their  secreting  cells,  in  their  size,  and  in  the  nature  of  their 
secretion.  The  one  variety  secretes  a  ropy  fluid  which  contains  mucin,  and 
has  therefore  been  named  the  muetmn^  whilst  the  other  secretes  a  thinner  and 
more  watery  flnid,  which  contains  serum-alhfimin.  and  has  been  named  serous 
or  (iIlnimmou8.  The  sublingual  gland  may  he  regarded  as  an  example  of  the 
former  variety,  the  parotid  of  the  latter.  The  submaxillary  is  of  the  mixed 
variety,  containing  both  mucous  and  serous  alveoli,  the  latter,  however-^  prepon- 
derating. 

Both  alveoli  are  lined  bv  cells,  and  it  is  by  the  character  of  these  cells  that  the 
nature  of  the  gland  is  chiefly  to  he  determined.  In  addition,  however,  the  alveoli 
of  the  serous  glands  are  smaller  than  those  of  the  mncous  ones. 

The  cells  in  the  mucous  alveoli  are  spheroidal  in  shape,  glassy,  transparent,  and 
dimly  striated  in  appearance.  The  nucleus  is  usuallv  sitnated  in  the  part  of  the 
cell  which  is  next  the  basement  membrane,  against  which  it  is  sometimes  flattened. 
The  most  remarkable  peculiarity  presented  bv  these  cells  is,  that  they  give  oflT  an 
extremely  fine  process,  which  is  curved  in  a  direction  parallel  to  the  surfiice  of  the 
alveolus,  lies  in  contact  with  the  membrana  propria,  and  overhips  the  process  of 
neighboring  cells.  The  cells  contain  a  quantity  of  mucin,  to  which  their  clear, 
transparent  appearance  is  due. 

Here  and  there  in  the  alveoli  are  seen  peculiar  half-moon-shaped  bodies  lying 
between  the  cells  and  the  membrana  propria  of  the  alveolus.  They  are  termed 
the  erescentg  of  Gkinuzzi  or  the  di'miluueH  of  Ileklenhttm  (Fig»  570),  and  are 
regarded  by  Pflliger  as  due  to  post-mortem  change^  but  by  most  other  later 
observers  they  are  believed  to  be  composed  of  polyhedral  granular  cells,  which 
Heidenhain  regards  as  young  epithelial  cells  destined  to  supply  the  place  of  those 
salivary  cells  which  have  undergone  disintegration.  This  view,  however,  is  not 
accrptet!  by  Klein. 

Serous  AlveoM.^ — In  the  serous  alveoli  the  cells  almost  completely  fill  the  cavity, 
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so  that  there  is  hardly  any  lumen  perceptible.  Instead  of  presenting  the  clear, 
transparent  appearance  of  the  ceUs  of  the  mucous  alveoli,  they  present  a  crmnular 
appearance,  due  to  distinct  granules  of  an  albuminous  nature  imbedded  in  a  clc»sely- 
reticulated  protoplasm.  The  ducts  wLich  originate  out  of  the  alveoli  are  lined  at 
their  cornniencement  by  cjjitbclium  which  differs  little  from  the  pavement  type. 
As  the  ducts  enlarge  the  epithelial  cells  change  to  the  c*»lumnar  type,  and  thev  are 
described  by  PHilger  as  attaclied  to  the  basement  membrane  by  a  brush  of  fine 
hair-like  processes,  which  he  believes  to  be  continuous  with  the  nerve-fibres. 
Other  anatomists  regard  these  cells  as  merely  striated  on  their  deep  surface. 
The  lobules  of  the  salivary  glands  are  richly  supplied  with  blood-vessels  which 
form  a  dense  network  in  the  interalveolar  spaces.  Fine  plexuses  of  nerves  are 
also  found  in  the  interlobular  tissue. 

Pfl ii ger  describes  the  nerves  as  being  ^ 

directly  continuous  with  the  salivary 
cells  of  the  alveolus,  the  nerve  some- 


FtG.r>71  —  llhist  rut  lug  pfliiKer  s  vfewis  of  the  tenoinatbn  of  the  nerves  \n  the  ftlveokr  ceUi    (Fn>m  Strleke 
"Handbixik  ")  a.  Direct  pitasA«e  of  nerve  into  a  saUvury  cell,  a.  By  the  medium  of  a  multlptjliir  KariKlJun  eeU,  g. 

times  passing  through  a  ganglion-cell  just  before  joining  the  alveolus  (Fig.  571, 
A  and  b).  This  fact  has  not,  however,  been  corroborated  by  other  observers. 
There  is  no  doubt  that  ganglia  are  to  be  found  in  some  salivary  glands  in  connec- 
tion with  the  nerve-plexuses  in  the  interlobular  tissue;  thus  they  are  to  be 
found  in  the  submaxillary,  bnt  not  in  the  parotid,  hut  whether  the  ultimate 
fibrils  are  connected  with  the  salivary  cells,  as  asserted  by  Pfliiger,  remains  to  be 
proved 

In  the  submaxillary  and  sublingual  glands  the  lobes  are  larger  and  more 
loosely   united  than   in   the   parotid, 

Mucauf^  (tAiw^j?^. ^Besides  the  salivary  glands  proper,  numerous  other  glands 
are  found  in  the  mouth.  They  appear  to  secrete  mucus  only,  which  serves  to  keep 
the  mouth  moist  during  the  intervals  of  the  salivary  secretion,  and  which  is  mixed 
with  that  secretion  in  swallowing.  Many  of  these  glands  are  ff>und  at  the  posterior 
part  of  the  dorsum  of  the  tongue,  behind  the  circumvallate  papilh\*.  and  also  along 
its  margins  as  far  forward  as  the  apex.'  Others  lie  around  and  in  the  tonsil 
between  its  crypts,  and  a  large  number  in  the  soft  palate.  These  glands  are  of 
the  ordinary  compound  racemose  type. 

Surface  Form. — ^^The  orifice  of  the  mouth  is  bounded  by  the  lips,  two  thick,  fleshy  folds 
covered  externally  hy  iutcgumciit  lUid  iriternidly  by  mucous  membrane,  imd  cousiatinp  of 
muscles,  vessels,  nerves.  are<>lar  tiiJsue,  anil  inimerouit  smiill  glands.  Tlic  bvi^  of  the  orifice  of 
the  moath  varies  eousidembly  in  diflerent  inxiivMhiids,  but  s^^ents  to  bear  a  tlotte  reklion  to  tlie 
sixe  aa<i  proniiueace  of  thi*  reeili.  Its  CHjnif  rs  eorrL^spurKi  pretty  aceuKitcly  to  the  outer  bonier 
of  the  L'aniiie  teeth,  lu  the  Mongolian  trilics,  where  the  fruat  teeth  are  !ar«;e  and  iiielined  for* 
wanl,  the  miiulh  is  kri^e;  ^nA  this,  enmbined  with  the  tbit-k  and  everted  X\\\a  which  appear  to 
be  assoeiutetl  with  pnimineiit  teeth,  ^ives  to  tlie  ney^ro's  face  much  uf  the  puLuliarity  hy  wiiieh 
it  is  characterized.     The  smaller  t^jeih  and  the  slighter  promiaenee  of  the  alveolar  arch  of  the 

'  It  bas  rcceatly  iM^en  shoAvn  by  Ebner  that  many  of  ilie*<e  glands  open  into  the  trenches  around 
the  cireumvalbtt?  jiapillitT  iind  i\m\  their  secri^tion  is  iiirtre  watery  than  thnt  of  ordinary  mucous 
glands.  He  supp(j«*.'s  that  they  assist  in  the  more  rapid  ditilribtuion  of  the  .-iniistanee  to  Ije  taked  over 
the  region  where  the  special  apparatus  of  the  sense  of  tAste  is  situated. 


I 


950 


THE   ORGANS    OF  DIGESTION. 


more  higlily  civilized  races  render  the  orifice  of  the  mouth  Diuch  smjiUer^  and  thus  a  snijil! 
muuth  m  jiTi  indicution  of  inteUigence,  and  \&  regarded  as  an  evidence  of  the  higher  civihzatioii 
ijf  tlie  iTidividual 

Lj)on  liiokintf  into  the  mouth,  the  first  thing  we  may  note  is  the  tongue,  the  upper  surface 
of  whirh  will  he  seen  occuijj  inif  the  floor  of  the  cavky.  This  ^urtki-e  is  eon  vex.  ancJ  is  iniirked 
along  the  middle  line  by  a  mjihe  which  divides  it  inttt  two  symniL^trieal  portions.  The  anterior 
two-thirds  is  rough  and  staddtMl  with  papilla* ;  the  posterior  third  smooth  and  tutn^reulated, 
eovered  hy  iotmen>us  glands  which  prnjeet  fruui  the  surfac^e.  Upon  mising  tlie  tongue  the 
miuous  membrane  whieh  invests  the  upper  surfii*'e  may  be  traeeil  eovering  the  sides  of  the 
under  surlkee^  and  then  reflected  over  the  floor  of  the  mouth  on  to  the  inner  siurfaee  of  the 
\*jwer  jaw^  a  part  of  which  it  euvers.  As  it  panses  over  the  bortlers  of  the  tongue  it  changes  its 
e^haraeter,  t^eeoiuing  thin  and  smooth  and  losiuj^  the  papilhe  which  are  to  be  seen  on  the  upj>er 
surface.  In  the  middle  line  the  mucous  mem  bra  ne  ou  the  under  surlkce  of  the  tip  ot  the 
tongue  fnnnM  a  distinct  fold,  the  fiiTnnm  linf/mr,  by  which  this  organ  is  connect c^l  to  tlie  gym- 
phyais  of  the  jaw;  t  JceaAionally  it  is  tbund  that  this  fnenum  is  rather  t^horter  than  natural, 
and,  acting  as  a  bridle,  prevents  the  complete  protrusion  of  the  tongue.  When  this  condition 
exists  and  an  attempt  is  made  to  orotnide  the  organ*  the  tip  will  he  seen  to  remain  liuried  in 
the  floor  of  the  mouth,  and  the  (lorsnin  of  the  tongue  is  rendered  very  convex*  an<l  mure  or 
less  extruded  from  the  nitiuth  \  at  the  same  time  a  deep  furn^w  will  l>e  noticed  to  appear  in  the 
middle  line  of  the  anterior  part  of  the  dorsum.  Sometimes,  a  little  external  to  the  fnenum, 
the  nmine  vein  may  be  seen  immediately  beneath  the  mucous  memhrane.  llie  eorresjX)nding 
artery,  being  more  deeply  placed,  does  not  come  into  view,  nor  can  its  pulsation  he  felt  with  the 
finger.  On  either  aide  of  the  Ihcnum,  in  the  floor  of  the  mouth,  is  a  l<>ngitudinal  elevation  or 
ridge,  produced  hy  the  projection  of  the  sublingual  gland,  wliicli  lies  immediately  beneath  the 
mucous  membrane.  And  close  to  the  attachnu^rit  of  the  trrenum  to  the  tip  of  the  tongue  may 
be  seen  on  either  side  the  slit  like  orifices  of  Wharton* s  ducts,  into  which  a  tine  pmlje  may  oe 
piissed  without  mucli  difficulty.  Hy  everting  the  lips  the  smooth  mucous  nu'mbrane  lining  them 
maybe  examined,  and  may  l>e  traced  from  them  on  to  the  outer  surlace  of  the  alveolar  arch. 
In  the  middle  line,  both  of  the  upper  and  lower  lip,  a  smidl  fold  of  muctms  menihrant^  piusse* 
from  the  lip  to  the  bone^  constituting  the  fnvutt  ;  these  are  not  so  large  as  tlie  iWerutm  linguje. 
By  pulling  outward  the  angle  of  the  mouth,  the  mucHjus  memhrane  lining  the  cheeks  can  be 
seen,  and  an  it  may  be  perceived  a  httle  riapilla  which  marks  the  position  of  the  orifice  of  Sten- 
son's  duct— the  duct  of  the  parotid  glana.  The  exact  j^osition  ot  the  orifice  of  the  duct  will  be 
found  to  be  opposite  the  second  molar  tooth  of  the  upper  jaw.  The  iutrotluction  of  a  probe 
into  this  duct  is  attended  with  cnn&iderahle  diflienlty.  The  teeth  are  the  next  nhjeets  whieh 
claim  otir  attention  upon  looking  into  the  mouth.  There  are,  as  stated  above,  ten  in  either  jaw 
in  the  tern poniry  set,  and  sixteen  in  the  permanent  set.  The  gums,  in  which  they  are  implanted, 
are  dense,  finiu  and  vascular 

At  the  back  of  the  miuith  is  seen  the  kthmits  of  th*  fnnces^  or,  as  it  is  jHJpularly  called, 
*' the  throat :"  this  is  the  spitce  between  the  pillars  of  tlie  fauces  on  either  side,  and  is  the 
means  by  which  the  mouth  eonnnunicates  with  the  [diarvnx.  Above,  it  is  bounded  by  the  soU 
palate,  the  anterior  surface  of  which  is  concave  and  covered  with  mucous  ujemWane.  which  is 
continuous  with  that  lining  the  r*jof  of  the  muuth.  Prtyectint?  from  the  middle  of  its  lower 
harder  is  a  cTUiical-shaped  f>rujection.  the  uvnhi.  i\%\  either  siile  of  the  isthnms  of  the  fauces 
are  the  anterior  and  posterior  pilbrs,  hirmed  by  the  Palato-irlossus  and  Pabto-pharyngeus 
muscles  res|3eetively,  covered  over  by  mucous  meml>rane.  Between  the  twu  pillars  on  either 
side  is  situatetl  the  tonsil  By  their  external  surface  these  glands  are  in  close  relationship  with 
the  internal  carotid  arter>%  being  sepamted  from  this  vc.'^sel  only  hy  the  thin  plane  of  muscu Jar 
fibres  formini?  the  wall  of  the  |>harynx.  It  is  stated  that  this  vessel  may  be  wounded  in  ren»ov- 
ing  the  tonsil.  The  extirpation  of  this  glandular  IhmIv  is  not  unattended  with  dunger  of 
hsemorrhage  from  other  soun*es.  Dr.  Weir  has  stated  that  he  heli*  ves  that  when  ha^niorrhage 
fii^urs  after  their  removal  it  arises  fB»m  t>ne  of  the  pnlatinc  arteries  having  been  wounded. 
These  vessi'Is  are  Urge  :  they  lie  in  the  inus<'ular  tissue  of  the  palate,  and  when  wounded  are 
constantly  exposes!  to  disturbance  from  the  c*on]raction  of  the  palatine  nmsclcs.  The  vessels  of 
the  tonsil,  Dr  Weir  states,  are  small  and  lie  in  the  stjfl  tissue,  and  readily  contract  when 
wounded. 

When  the  month  is  wide  open  a  ]m>minent  tense  fold  of  mucous  memhrane  may  be  seen 
auii  felt,  extending  upward  ami  backward  fronj  the  jw^sition  of  the  fang  of  ihe  last  molar  tinith 
to  the  twsterior  part  of  the  hard  palate.  This  is  caiLsed  by  the  Pterygo-miixillary  hgament, 
which  IS  attached  hy  one  extremity  Ui  the  apex  of  the  internal  pterygoid  jilate,  and  hy  the  other 
to  the  tKJsterior  extremity  td"  the  mylo-hyoid  ridge  of  the  lower  jaw.  It  connects  the  Buccina- 
tor witli  the  Superior  constrictor  of  the  pharjnx.  The  fang  of  the  last  molar  twUh  indieata! 
the  position  of  the  lingual  (gustatory)  nerve,  where  it  is  easily  accessible,  and  can  with  readinesB 
be  divided  in  cases  of  cancer  id'  the  tongue  (see  page  810).  On  the  inner  side  of  the  last  moliir 
tooth  we  can  ieel  the  hamular  process  of  the  internal  pterygoid  plate  of  the  splienoid  bone, 
around  which  the  tendon  uf  the  Ten.sor  jialati  plays.  The  exact  position  of  this  i>riXH*88  is  of 
importance  in  performing  the  operation  of  sta[diylorraphv.  About  one-third  of  an  inch  in 
front  of  the  hamuJar  process,  ami  the  same  distajice  directly  inward  from  the  last  molar  tooth, 
is  the  situation  of  the  tipeuing  of  the  jHisterior  jialatine  citiiah  through  which  emerges  the  iios- 
terior  or  descending  palatine  branch  of  the  interna!  maxillarj'  artery  and  one  of  the  deseenoing 
jMilatine  nerves  from  Meckefs  ganglion.    The  exact  position  of  the  opening  on  the  subject  may 
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be  ascertained  by  driving  a  needle  throiigh  the  tissues  of  the  palate  in  this  situation,  when  it 
will  be  at  once  felt  to  enter  the  canal.  'Plie  artery  enieririni.^  from  the  openinp:  runs  forward  in  a 
groove  in  the  btjne  jri8t  internal  to  the  alveolar  bordiT  of  the  hanl  palate,  and  may  be  wounded 
m  the  operation  for  the  eure  of  elett  palate.  Under  the^»  circnmstant'es  the  palatine  canal  may 
re<iuire  pluggin^^  By  inlrodiiciiii,':  the  fini^cr  into  the  mouth  the  anterior  border  of  the  eorcmoii 
pnK!eaa  of  the  jaw  can  lie  felt,  and  is  e^^peei ally  prominent  when  the  jaw  is  dislocated.  By 
throwjiij,^  the  head  well  hack  a  eonsiidemble  portion  of  the  postenor  wall  of  the  pharynx  may  hi 
geen  through  the  isthnins  tant'inm,  and  on  intnxhiein^j  the  tinker  the  anterior  surface  of  the 
boflies  of  the  upper  fcrvical  vertebral  msty  be  telt  imiuediately  beneath  the  thin  muscular  stra- 
tum forming  tlic  wall  of  the  |jhar>'nx.  The  finger  can  be  hooked  around  the  posterior  l»«jrder 
of  the  sfdl  palate,  and  by  turning  it  forward  the  pnsterior  nares.  separated  by  the  septum^  can 
be  feltT  or  tne  presence  oF  any  adenoid  or  other  growths  in  the  naso-phaiynx  ascertained. 

THE  PHARTNX. 

The  pharyns  is  that  part  of  the  alimentary  canal  which  is  placed  behind  the 
nose,  mouth,  and  larynx.  It  h  a  rausctilo-tnembranous  sac,  somowbat  eonical  in 
form,  with  the  base  upward  and  the  apex  downward,  extending  from  the  under 
surface  of  the  akull  to  the  cricoid  cartilage  in  front  and  the  intervertebral  disk 
between  the  fifth  and  sixth  cervical   vertehne  behind^ 

The  pharynx  is  about  four  inches  and  a  half  in  length,  and  broader  in  the 
transverse  than  in  rhe  autero-posterior  dianieten  Its  greatest  breadth  is  opposite 
the  cornua  of  the  liyoid  bone;  its  narrowest  point,  at  it8  termination  in  the 
(Esophagus.  It  is  limited,  above ^  by  the  body  of  the  sphenoid  and  basilar  process 
of  the  occipital  bone  ;  hehm\  it  is  continuous  with  the  ccsojihagus ;  poHterHtrlt/,  it 
is  connected  by  loose  areolar  tissue  %vith  the  cervical  portion  of  the  vertebral 
column  and  the  Longi  colli  and  Recti  capitis  antici  muscles;  a nt v r io r It/ ^  it  h 
incomi^lete,  and  is  attached  in  succession  to  the  internal  pterygoid  plate,  the 
pterygo-maxillary  ligament,  the  lower  jaw,  the  tongtn:*,  hyrud  bone,  and  thyroid  and 
cricoid  cartilages;  latentib/,  it  is  connected  to  the  styloid  [u^ocesses  and  their  mus- 
cles, and  is  in  contact  w^ith  the  common  and  internal  carotid  arteries,  the  internal 
jugular  veins,  and  the  glosso-pharyngcalT  pneninogastric,  hypoglossal,  and  sym- 
pathetic nerves,  and  above  with  a  small  part  of  the  Internal  pterygoid  muscles. 

It  has  seven  openings  communicating  with  it — the  two  posterior  nares,  the 
two  Eustachian  tubes,   the  mouth,  larynx,  and  (esophagus. 

The  posterior  nart>i<  are  the  tw^o  oval  openings  (see  page  222)  situated  at  the 
upper  part  of  the  anterior  wall  of  the  pharynx. 

The  two  Eunttiehian  inhi-n  open  one  at  each  side  of  the  upper  part  of  the 
pharynx,  at  the  hack  part  of  the  inferior  meatus.  Below  the  posterior  nares  are 
the  jiostcrior  surface  of  the  soft  palate  and  uvula,  the  large  aperture  of  the 
mouth,  the  base  of  the  tongue,  the  epiglottisi  and  the  cordiform  opening  of  the 
larynx. 

The  (xmphitfi'al  itpmhfg  is  the  lower  contracted  portion  of  the  pharynx. 

Structure. ^T he  pharynx  is  composed  of  three  coats — mucous,  fibrous*  and 
rauacular. 

The  phtiri/ifffeal  ttpoiienroitf»,  or  fihrott^  rottt^  is  situated  between  the  mucous 
and  muscular  layers.  It  is  thick  above,  where  the  mui^ciilar  fibres  are  wanting,  and 
is  firmly  connected  to  the  basilar  process  of  the  occipital  and  i>etrous  portion  of  the  I 
temporal  bones.  As  it  descends  it  diminishes  in  thickness,  and  is  gradually  b)st.  ■ 
It  is  strengthened  posteriorly  by  a  strong  fibrous  hand  which  is  attached  above  to 
the  pharyngeal  spine  on  the  under  surface  of  the  basilar  portion  uf  the  occijutal 
botie.  and  passes  downward,  forming  a  iiiedian  raphe,  which  gives  attacbment  to 
the  Constrictor  muscles  of  the  j^harynx. 

The  wy^c<iri«<TfMf  is  continmuis  with  that  lining  the  Eustachian  tubes,  the  nares,. 
the  mouth,  and  the  larynx.  It  is  covered  by  columnar  ciliated  epithelium,  as  low 
down  as  on  a  level  with  the  floor  of  the  nares  ;  below  that  point  the  e|*ithelium  is  of 
the  st[namous  variety.  Beneath  the  mucous  membrane  are  found  nicemose  mucous 
glands;  they  are  especially  numerous  at  the  upper  part  of  the  pharynx  around  the 
orifices  of  the  Eustachian  tubes.  Throughout  the  pharynx  are  also  numerous  crypts 
or  recesses,  the  walls  of  which  are  surrounded  by  lymphoid  tissue  similar  to  what 
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is  found  in  the  tonsils.  Across  the  back  part  of  the  pharyngeal  cavity,  between  the 
two  Eustaebian  tubes,  a  considerable  uiiisj^  of  this  tissue  exists,  and  has  been  named 
ihe  pfiffrf/ni/efii  ttmitil.  Ju^t  below  tL  18  in  the  middle  line  is  the  orifice  of  an 
irregular,  I1a>^k-shaped  recess  of  the  mucous  membrane,  extending  up  as  far  as 
the  basilar  )»roces3  of  the  occipital  bone-  It  is  known  as  the  bursa  plutriingva^ 
and  is  die  remains  of  tbo  diverticulum  of  the  alimentary  canal,  wliicb  is  con- 
cerned in  the  development  of  the  pituitary  body  (which  see)*  It  is  only  occa- 
sionally present  in  the  adult. 

The  muscular  coat  has  been  already  described  (page  419)* 

Surgical  Anatomy* — Thi-  iuti  rnid  i^arotiil  artery  is  in  close  relation  witli  the  pharynx,  so 
that  it«  pulsiitioiLH  can  be  tek  throu^di   the  mouth.   It  has  l)eeu  oeeasitmidly  wounded  hyt^harp- 

foiiiied  uistriimentii  introdiured  into  the  mouth  and  thnist  through  the  wall  of  the  fpharj^nx. 
n  aneurif*m  of  ihh  vessel  in  the  neck  the  tumor  ncfe&sarily  ImiI^'cs  iiUo  the  i>harytix»  na  this  b 
the  dii^ctioa  in  which  it  meets  with  the  lea,st  resist anee,  nothiii,^  lying  l>etween  the  vessel  and 
the  mticous  membrane  except  the  thin  Coiistrietor  mnsclct  whereas  on  the  outer  side  there  is 
the  dense  cervical  fascia,  the  muscles  descending  from  the  styloid  process^  and  the  margin  of  the 
Stcrno-mastoid. 

The  TiiQcons  membrane  of  the  pharynx  is  very  vascular,  and  is  often  the  seal  of  inflamma- 
tion, frequently  of  a  septic  character^  and  ilaugerous  on  aecoimt  of  its  tendency  to  sjitefni  to  the 
larynx.  On  amiunt  of  the  tissue  which  snrrotmds  the  pharyngeal  wall  heing  loose  and  lax.  the 
inffsimniation  is  liable  to  spread  through  it  far  and  wide,  extending  downward  into  the  posterior 
me<liaalinum  along  the  tesupliagns.  Abs^-ess  may  fonn  in  (he  cniinective  tissue  Whind  the 
pharynx,  between  it  and  the  vertebral  column,  constituting  what  is  known  as  pnstphan^ngeal 
ahstess.  Tliis  is  most  cotnmonly  due  to  caries  of  the  cennc^il  vcrtcl>rie,  ]nit  ujay  also  be  caused 
by  suppuration  of  a  bTnphatic  gland  which  is  sitnated  in  this  pi^sition  opposite  the  axis,  and 
which  receives  lymt>liaties  trom  the  nares,  or  hy  a  gumma  or  hy  acute  phitr>ngitis.  The  abscess 
may  be  most  eaj^iily  evaeuated  by  an  iueision,  with  a  guarded  bistoury*  through  the  mouth.  It 
has  recently  been  proposed  to  open  the  ahsi^ess  aseptkally  by  an  incision  in  the  tieck  liehsnd  tlie 
tSterno-mastoid.  The  operation,  however,  is  a  diffieult  one,  unless  the  abscess  is  pointing  later- 
ally, and  does  not  give  such  free  acTcss  to  the  seat  of  disease  tor  the  rcuioval  of  necrosetl  hone^  if 
amy  exist^s^  and  does  not  appear  to  present  sufficient  advaiUages  to  wajrant  its  performance. 

Foreign  bodies  not  mifrefpieutly  become  lodged  in  the  phan-nx,  and  nu^st  usually  at  it^ 
termmation  at  alKRit  the  level  of  the  cricoid  cartilage,  just  beyond  the  rcaeh  of  the  finger,  as  the 
distance  from  the  arch  of  the  teeth  to  the  eomnieneemejit  of  the  tesophagiis  is  about  six 
inches. 

The  position  of  the  openin^js  of  the  Eustachian  tul>t*s  shotild  be  studied  with  a  view  to 
catheterisra  of  these  tul:>es.  This  is  to  he  <lotie  by  introducing  the  instrumeiU  through  the 
anterior  narcs,  wi  that  its  points  resit  on  the  flm»r  of  the  nasal  cavity  cKisc"  to  the  septum  ;  it  is 
then  pushed  gradually  and  slowly  backward  until  the  iit^sterior  ivall  of  the  pharynx  is  reached. 
Then  having  been  slightly  witlidrjwn  so  as  to  free  the  jjoint  from  the  wall  of  the  idiarynx,  it  is 
rotated  outward  and  upward,  so  that  the  ring  of  the  instrument  is  turned  toward  the  extenml 
ear,  and  it  can  then  be  made  to  gUde  inte  the  Eustachian  tube. 

THE  (ESOFHAQtrS. 

The  (BSophagniSf  or  gullet^  is  a  musculur  canal,  about  nine  inches  (23  centim.) 
in  length,  extending  from  the  phnrynx  to  the  stonmch.  When  empty  its  lumen 
appears  as  a  transverse  slit.  Its  diameter  varies  from  L^i  to  2,4  cetitim.  It 
commences  at  the  upper  border  of  the  cricoid  cartilage,  opposite  the  interverte- 
bral disk  between  the  fifth  and  sixth  cervical  vertebne,  descends  along  the  front 
of  the  spine  throiigh  the  posterior  inediastiniim,  passes  through  the  Diaphragm, 
and,  entering  the  abdomen,  terminates  at  the  cardiac  orifice  of  the  stomach  oppo- 
site the  tenth  dorsal  vertebra  or  the  intervertebral  disk  between  the  tenth  and 
eleventh  dorsal  vertebree.  The  general  direction  of  the  oesophagus  is  vertical, 
but  it  presents  two  or  three  slight  curves  in  its  course.  At  its  commencement  it 
is  placed  in  the  median  line,  but  it  inclines  to  the  left  e^ide  as  far  as  the  root  of 
the  neck,  gradually  passes  to  the  middle  line  again,  and  finiilly  again  deviates  to 
the  left  as  it  passes  forward  to  the  oesophageal  opening  of  the  Diaphragm.  The 
oesophagus  also  presents  an  antero-postcrior  flexui^e,  corresponding  to  the  curva- 
ture of  the  cervical  and  thoracic  portions  of  the  spine.  It  is  the  narrowest  part 
of  the  aliuientary  cnnid,  being  most  cotitracted  at  its  commencement  and  at  the 
]>nint  where  it  passes  through  the  Diaphragm. 

Relations.  — /??  the  tnflr  the  ccaophagus  is  in  relation,  in  fronts  with  the 
trachea,  and  at  the  lower  part  of  the  neck,  >\here  it  projects  to  the  left  side,  with 
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the  thyroid  gland  and  thoracic  duct;  heliiml^  it  rests  upon  the  vertebral  column 
and  Lofigi  colli  muscles;  nn  each  side,  it  is  in  relation  with  the  comuioii  carotid 
artery  (especially  the  left,  as  it  inclines  to  that  side)  and  part  of  the  lateral  lobes 
of  the  thyroid  gland;  the  recurrent  laryngeal  nerves  ascend  between  it  and  the 
trachea. 

In  the  thonw  it  is  at  first  situated  a  little  to  the  left  of  the  median  line ;  it  then 
passes  behind  the  left  side  of  the  aortic  arch,  and  descends  in  the  posterior 
mediastinum,  along  the  right  side  of  the  aorta,  nearly  to  the  Diaphragm,  where 
it  passes  in  front  and  a  little  to  the  left  of  the  artery,  previous  Ut  entering  the 
abdomen*  It  is  in  relation,  m  front,  with  the  trachea,  the  arch  of  the  aorta, 
left  carotid,  and  left  subclavian  arteries,  the  left  bnuichus,  and  the  posterior 
surface  of  the  (>ericardium  ;  htfiind,  it  rests  upon  the  vertebral  column,  the  Longi 
colli  muscles,  the  thoracic  du€t  (opposite  middle  dorsal  vcrtebrie),  the  right  inter- 
costal vessels,  and  below,  near  the  Diaphragm,  upon  the  front  of  the  aorta: 
IfiteraUtf,  it  is  covered  by  the  pleuriB :  the  vena  azygos  major  lies  on  the  right 
and  the  descending  aorta  on  the  left  side.  The  pneumogastric  nerves  descend  in 
close  contact  with  it  on  each  side;  lower  down  the  right  nerve  passes  behind,  and 
the  left  nerve  in  front  of  it. 

Structure. — The  oesophagus  has  three  coats — an  external  or  muscular;  a 
middle  or  areolar ;  and  an  internal  or  mucous  coat. 

The  muscular  coat  is  composed  of  two  planes  of  fibres  of  considerable  thickness, 
an  external  longitudinal  and  an  internal  circular* 

The  iot}(pfwiittal  0irc>i  are  arranged,  at  the  commencement  of  the  tube,  in  three 
fasciculi :  one  in  i'ront,  which  is  attached  to  the  vertical  ridge  on  the  posterior 
surface  of  the  cricoid  cartilage;  and  one  at  each  side,  which  is  continuous  with 
the  fib  res  of  the  1  n  fe  ri  or  c  o  n  s  t  r  i  c  tor  :  as  th  ey  des  ce  n  d  t  h  ey  b  1  en  d  toge  th  e  r  a  n  tl 
fonii  a  uniform  layer,  which  covers  the  outer  surface  of  the  tube. 

Accessory  slips  of  muscular  fibres  are  described  by  Dr.  Cunningham  as 
passing  between  the  oesophagus  and  the  pleura,  where  it  covers  the  thoracic 
aorta  (almost  always),  or  the  nmt  of  the  left  bronchus  (usually),  or  the  back  of 
the  pericardium  or  corner  of  the  mediastinum  (more  rarely),  as  well  as  other  still 
more  rare  accessory  fibres.  In  Fig.  572,  taken  from  a  dissection  in  the  Museum 
of  the  Royal  College  of  Surgeons,  several  of  these  accessory  slips  may  be  seen 
passing  from  the  ^lesophagus  to  the  pleura,  and  two  sli[ts  to  the  back  of  the  trachea 
just  above  its  bifurcation. 

The  circular  fibres  are  continuous  above  with  the  Inferior  constrictor;  their 
direction  is  transverse  at  the  upper  and  lower  parts  of  the  tube,  but  oblitjue  in  the 
central  part. 

The  muscular  fibres  in  the  upper  }jart  of  the  oesophagus  are  of  a  red  color,  and 
consist  chiefly  of  the  striped  variety,  but  below  they  consist  for  the  most  part  of 
invohrntary  muscular  fibre. 

The  areolar  coat  connects  loosely  the  mucous  and  muscular  coats* 

The  mucous  coat  is  thick,  of  a  reddish  color  above  and  pale  below.  It  is 
disposed  in  longitudinal  folds,  which  disappear  on  distension  of  the  tube.  Its 
surface  is  studded  with  minute  papilhe,  and  it  is  covered  throughout  with  a  thick 
layer  of  stratified  pavement'epithelium.  Beneath  the  mucous  membrane,  between 
it  and  the  areolar  coat,  is  a  layer  of  longitudinally  arranged  non-striped 
muscular  fibres.  This  is  the  muscularig  nutemfr.  At  the  commencement  it  is 
absent,  or  only  represented  by  a  few  scattered  bundles;  lower  down  it  forms  a 
considerable  stratum. 

The  a'Kopha<ieal  glatuh  are  numerous  small  com]»ound  racemose  glands 
scattered  throughout  the  tube;  they  are  lodged  in  the  submucous  tissue,  and  open 
upon  the  sud'ace  by  a  long  excretory  duet.  They  are  most  numerous  at  the  lower 
part  of  the  tid:)e,  where  they  f**rm  a  ring  round  the  eardiac  orifice. 

Vessels  of  the  CEsopliagiis.^The  arteries  supplying  the  oesophagus  are  de- 
rived from  the  inferior  thyroid  branch  of  the  thyroid  a.xis  of  the  subclavian, 
from  the  descending  thoracic  aorta,  an<l  from  the  gastric  branch  of  the  coeliac 
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axis  from   the  abdominal   aorta.     They  have  for  the  most  part  a  longitudinal 
direction. 

Nerves  of  the  (Esophagus, — The  nerves  are  ilerived  from  the  pneumogastric 
and  from  the  sympathetic;  they  form  a  plexus  in  which  are  groups  of  ganglion- 
eel  k  between  the  two  layers  of  the  muscular  coat8,  and  also  a  second  plexus  in 
the  submucous  tissue. 

Surgical  Anatomy. — ^Tbe  relatinns  of  the  cBsophtigusJ  are  of  considerable  pra<*tie!*l  intereet 
U\  the  surgtoih  us  lie  is  frequently  rc(|iure<l,  in  ca,st'.s  <»r  stricture  of  this  tube,  to  dilate  tlie  canal 

by  a  [>ouirie,  when  it  is  of  import^inee  that  tbe  dircdiuii  <if  the 
cp.s^>|>baLni3  and  its  relations  t^t  siirrouridini!:  parts  shonlii  be 
renu'lubererb  In  eases  of  muliLqiant  disease  <»f  tbe  a?.s<>pbiigiis, 
wiierc  its  tissues  luivc  l>eeome  scdtened  from  intiltmlinii  of  tbe 
morlnd  dept>sit,  tbe  trreatest  eare  is  requisite  ir»  direi-tiug  the 
bouLne  tbruugb  tbe  strietured  \mx\,  as  a  false  passajtre  luay 
easily  be  made,  and  tbe  iiistrnment  may  piL^  into  tbe  medi- 
astiuum,  or  into  one  or  tbe  other  pleural  eavity^  or  even  into 
the  pericardium. 

The  student  should  fdso  remember  that  contmction  of  tbe 
oesopbagus,  and  consequent  syynjjtoma  of  stricture,  are  oecii- 
sionally  produced  by  an  aneurism  of  some  part  iA'  tbe  aorta 
presvsing  unon  tbis  tube.  In  sueb  a  case  the  passage  of  a 
bougie  eouJd  only  hapten  the  fatal  issue. 

hi  passing  a  bougie  the  left  fore  finger  should  be  intro- 
fc3  IIH  duced  into  tbe  uioutb  and  tbe  epiglottis  felt  for.  cure  lieing 

PP   IMA  taken  n*>t  to  throw  tbe  bead  too  far  backward.     The  lumgie  is 

then  to  be  |>a.ssed  beyond  the  finger  until  it  tmicbcs  the  pos- 
terior wall  of  tbe  pharynx.     The  natient  is  now  asked  to  swal- 
low, and  itt  the  moment  of  swallowing  the  bougie  is  passed 
-^iv-*BgMHI|BMM         gently  onward,  all  violence  being  ciirefully  avoidecL 
'is     ^^^^lllH  It  oeeasionally  happens  that  a  foreign  Inidy  Wounds  iui- 

paeted  in  the  lesopbaguswhicli  can  ueitber  be  brought  upward 
nor  ini>ved  downward.  When  all  ordinary  (ueans  ibr  us  re- 
nioval  have  fkiled^  excision  is  the  only  rcs^juree.  Tbis,  of 
fonrsc,  can  only  W  performed  wben  it  is  not  ver\*  kwv  flown. 
If  the  foreign  txjily  is  allowed  to  remain,  extensive  infl.imma* 
f..  f.m  tiou  and  nleeration  of  the  flesopliugus  muy  ensue.  In  one  ciise 
/f  'iiJf  the  foreign  Iwidy  ultimately  penetrated  the  interverteliral  sub- 

stance, and  destroycil  life  by  inflammation  of  tbe  membranes 
and  substance  of  tlie  eord, 

Tlie  operation  of  cesopbagotomy  is  thus  ocrforuied  :  The 
f>atient  being  placed  u]>on  bis  back,  with  the  liead  and  shoul- 
ders slightly  elevated,  an  incision,  about  lour  inches  in  length, 
should  be  made  on  tbe  left  sirh^  of  the  trachea,  fn^m  tbe  tliy- 
roid  L'artilage  <lownward,  dividing  the  skin  and  Platvsma, 
The  it^\Mii^  of  the  wound  bcinL"^  sepiirjitcd.  the  Omo  byoid 
mus(le  should,  if  neressary,  be  flivided,  and  tbe  fibres  of  the 
Sternohyoid  and  Stcrno- thyroid  niusiles  dmwn  inward;  the 
sheath  of  ttie  caD>tid  vessels,  being  expo.scd,  should  l>e  drawn 
outward,  and  n^t:iined  in  that  position  by  retmctory  :  tbe  lesoph- 
agus  will  now  be  ex|MJsed,  and  sbotdd  be  divi<led  over  the  foreign  Ixwly,  which  can  then  be 
rcniovL'd.  tireat  care  is  ncccssar>'  to  avoid  wounding  the  thyroid  vessels,  the  thjToid  gland,  and 
tbe  laryuL'eal  nerves. 

The  cesophagus  may  l>e  obstmrted  not  only  by  foreign  iK^dies,  but  also  by  ehanges  m 
its  coivts,  iiroducing  stricture,  or  by  pressure  on  it  from  without  of  new  growth:f  or  aneurism* 
etc. 

Tbe  different  fonns  of  strit»ture  are  :  (1 )  tbe  spasmodic,  usually  oceurrioL'  in  nervous 
Women,  and  ineerinittcnt  in  cbanicter.  so  that  (he  dyspntigia  is  not  constant ;  VI)  fibrvMis,  due  to 
cicatrisation  after  injuries,  such  as  swallovvinL'  t  orrosne  fluids  or  boiling  water  ;  and  1 3)  malig- 
nant, usually  cpitbclio!iiato«s  in  its  nature.  This  is  situated  generjdly  cither  at  tbe  upper  end 
of  tbe  lube,  op|>os]te  to  tbe  cricoid  cartihige.  or  at  its  lr)Wer  end  at  tbe  cardiac  orififX*.  but  ts 
alst)  iMX-iisioiially  foand  at  that  part  of  tlic  tube  when;  it  is  crossed  by  the  lett  bronchus. 

Tbe  operation  of  a^sopba^o.*^tomy  has  occasionally  Wen  ]»erformed  in  cases  where  the 
stricture  in  \\w  <i*sophagus  is  a!  (he  upper  part,  with  a  view  to  niakin;r  a  pemianerU  o|>ening 
below  the  stricture  tbrouLdi  which  to  fccfl  the  juUicnt.  but  the  operation  has  Irh-u  far  from  a 
auecessful  one,  and  tbe  risk  of  setting  up  diffuse  intlanimation  in  tbe  loose  planes  of  con- 
nective tissue  deep  in  the  neck  is  so  great  that  it  would  ajiptar  to  Ljc  better  to  perform  gais^ 
trustomy. 


fiG.  572.— Aceesfiory  miificiilJir  ^- 
bri?§  between    ttie    cpaopliagii»    and 


pleura,  and  a'sophapmt  and  trachea. 
(From  a  prf^jwirftlitai  in  the  Museum 
tif  the  Kuyal  College  uf  .Surg^^Jna.) 
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THE  ABDOMEN. 

[By  Fred  J.  Bbockway,  M.  D., 
Asst'  Demonstrator  of  Anatomy,  Colle^  of  Physicians  and  Surgeons  (Columbia  University)  New  York  City.] 

In  the  early  stages  of  the  embryo  the  *' body-cavity "  (pleuro-peritoneal 
cavity)  is  of  large  size.  Anteriorly  (i.  e.  superiorly  in  the  erect  posture)  there 
is  developed  a  comparatively  enormous  space,  called  the  pericardio-thoracic 
cavity  (Fig.  673,  Ay  B  and  C).     There  also  appears  a  transverse  fold  marking 


pleural  Cavtliea 
Pfeunw 

PeHcardtal  Cavity 
PtriearxUum 


Peritoneum 


A  B  c 

Fig.  573.— Schematic  representation  of  the  serous  cavities.    (Gegenbaur.) 

off  this  cavity  in  part  from  the  future  abdominal  cavity.  This  fold,  associated 
with  many  large  veins,  is  next  developed  into  the  primary  diaphragm,  but  its 
dorsal  part  is  incomplete.  This  is  completed  later,  constituting  the  diaphragm 
as  we  know  it  in  the  adult.  The  diaphragm  is  thus  made  up  of  a  ventral  younger 
part  and  a  dorsal  older  part.  When  this  posterior  part  fails  of  development, 
there  is  an  opportunity  for  the  "  congenital  diaphragmatic  hernia  '*  to  be  present. 

The  superior  or  pericardio-thoracic  cavity  becomes  separated  into  three  dis- 
tinct compartments  (Fig.  573,  B  and  (7),  the  two  lateral  being  continuous  for  a 
time  with  the  abdominal  cavity.  Thus  are  formed  the  four  large  serous  spaces 
of  the  body,  each  one  lined  with  serous  membrane.  Two  are  thoracic  or  pleural, 
lined  with  /^/^jwra,  one  is  cardiac,  defined  by  the  pericardial  sac,  and  one  is  ab- 
dominal, lined  with  peritoneum. 

The  word  abdomen  *  is  applied  to  the  part  of  the  body  lying  between  the 
thorax  and  pelvis ;  it  refers  to  the  largest  cavity  of  the  adult  body,  and  is  often 
applied  incorrectly  to  the  anterior  wall  of  this  cavity.  It  contains  nearly  all  the 
digestive  apparatus  and  a  part  of  the  urinary  system. 

Superficially  the  abdomen  is  marked  from  the  thorax  above  by  the  costal 
arches,  and  below  from  the  pelvis  by  the  crests  of  the  ilia,  and  from  the  thighs 
by  Poupart's  ligaments.  These  limits,  however,  do  not  correspond  with  those  of 
the  abdominal  cavity.  This  extends  high  into  the  thorax  to  the  cupola  of  the 
diaphragm.  The  lowest  limit  is  the  so-called  "  diaphragm  of  the  pelvis  "  made 
by  tlie  Levator  ani  and  Coccygeus  muscles  on  either  side.  This  great  cavity 
shows  a  smaller  artificial  subdivision,  the  pelvic  cavity  (Fig.  577).  The  two  are 
not  separated,  but  the  limit  between  them  is  taken  as  the  brim  of  the  true  pelvis, 

'  A  Mo 'men  comes  perhaps  from  abdirej  to  conceal.  Hyrtl  says  it  is  an  ancient  word  applied  to 
the  belly  of  «i  pregnant  pig.  Cicero  transferred  it  from  swine  to  man  in  a  sense  of  contempt.  Venter 
and  alviuf  were  us^  for  belly ;  abdomen  and  its  adjective  abdominalia  finally  came  into  general  use. 


Fig.  575.— AnLero-posterlMT  vurtiral  M-ulkm  tbnmwli  the  outcsr  third  of  Poupttrt's   ligiimeut»  showing  tli« 
layers  of  the  ahdotulnal  walls,    Schumiitlc.    (After  Tillnuxj 

reversed  infantile,  reirardless  of  80-calle<l  civil izerl  dress.  The  circuniference  tif 
the  fully-developed  pelvis  here  is  always  larger  thnu  tluit  of  the  lower  end  of  the 
thorax* 


THE  ABDOMEN. 

Boundaries. — ^The  abdomen  proper  is  divided  for  description  into  the  abdominal 

nmll  or  boundaries  and  the  ahdominal  eavitf/  and  contents.  The  boundaries  are 
a  roofy  a  Jitmr,  and  the  wally  whicli  includes  nn  antt^ro-lateral  and  a  jutgterior  por- 
tion ;  the  former  is  soft  and  eon  tractile,  muscular  on  the  sides,  fibrous  and 
aponeurotic  in  the  centre;  the  posterior  wall  is  partly  osseous,  ligamentous  and 
muscular. 

Several  facts  depend  on  the  cliaracter  of  the  antero- lateral  wait  It  does  not 
offer  to  the  viscera  and  great  vessels  a  passive  protection  as  does  the  skull  to  its 
contents,  but  allows  a  mutual  reaction  which  is  of  the  greatest  importance.  It 
yields  ligbtlv  to  every  pressure  and  corresponds  to  the  changing  volume  of  the 
intestines  and  to  the  changes  of  position  and  form  of  the  viscera.  Atmospheric 
pressure  acts  on  every  side,  but  this  is  overlooked  when  the  many  muscles  are 
considered  which  exert  a  constant  tension.  The  relations  of  each  organ  to  its 
neighbor  arc  modified  by  this  tension,  and  soft  organs  like  the  liver,  pancreas,  or 
spleen  are  moulded  by  it  and  show^  the  imprint  of  nearly  every  viscus  that  touches 
them.  The  tension  is  seen  in  cases  of  penetrating;  wounds,  where  the  movable 
intestines  tend  to  fiow  toward  the  spot  of  least  resistance  and  are  replaced  or 
restrained  with  difficulty.  The  same  pressure  helps  to  develop  herniie  and  forces 
the  portal  circulation  through  the  liver. 

The  ifhapp  of  the  soft  antero-lateral  wall  depends  upon  the  degree  of  disten- 
tion of  the  ulimentary  canaL  the  size  of  the  parenchymatous  organs,  and  espe- 
cially upon  the  deposit  of  fat  in  the  siihcntaneous  tissue,  in  the  peritoneal  folds^ 
and  in  the  great  omentum.  All  gradations  occur  between  the  great  fat  belly 
which  depends  over  the  thighs  and  the  concave  trough-like  one  of  a  thin  person. 
The  pliability  and  thinness  of  the  wall  allow  palpation  to  be  of  more  value  here 
in  diagnosis  than  |>ercussion. 

The  component  parts  of  the  walls  have  already  been  discussed.  A  brief 
review  is  here  added  (Fig.  575). 

In  the  antero-lateral  wall  from  without  inward  are  found  in  order: 

1.  Skin. 

2.  Superficial  fiiscia,  two  layers. 

3.  Cellular  tissue  covering  the  External  oblique  muscle,  and  intercolunmar 
fascia  from  the  external  abdominal  ring. 

4.  Muscles  of  the  wall.  Broad  muscles — the  External  oblique  and  aponeur- 
osis, the  Internal  oblique  and  aponeurosis,  the  Transversalis  and  aponeurosis. 
Longitudinal  muscles — the  Rectus  and  Pyramidal  is. 

5.  Fascia  transversalis. 

6.  Subperitoneal  cellular  tissue. 

7.  Peritoneum. 
In  this  wall  several  regions  are  described:  the  inguinal,  inguino-femoral,  and 

umbilical. 

The  arteries  of  the  antero-lateral  wall  are  superficial  and  deep ;  the  super- 
ficial epigastric  and  superficial  circumflex-iliac  from  the  femoral,  the  lower  two 
intercostals  from  the  thoracic  aorta,  the  lumbar  from  the  abdominal  aorta,  and 
ilio-lumhar  from  the  internal  iliac.  Above  are  the  superior  epigastric  and  mus- 
culo-phrenic  from  the  internsil  mammary— all  forming  the  superficial  set.  Beb)W 
are  the  deep  circumflex-iliac  and  deep  epigastric  (inferior  epigastric)  from  the 
external  iliac.  The  latter  is  the  most  important  and  gives  off  the  cremasteric 
arterv,  pubic  and  muscuhir  branches.  There  is  an  anastomosis  between  the  two 
lower  epigastrics  and  between  the  deep  epigastric  and  the  internal  mammary. 

The  veins  are  also  divided  into  a  superficia!  and  dce}>  set.  Superficial  are  the 
superficial  epigastric  and  superficial  circumflex -iliac  and  another  which  passes 
Bubcutaneously  along  the  side  of  the  thorax,  connecting  above  with  the  axillary 
vein  and  emptying  below  into  either  the  superficial  epigastric  vein  or  into  the 
femoral  through  the  saphenous  opening*  It  is  dignified  by  the  name  l^ma 
thoracieO'epiffostrica  lontja  tef^umentoMa  (Braune).  The  deep,  veins  accompany 
their  corresponding  arteries  and  are  usually  double.     The  superficial  veins  do  not 
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exactly  correspond  to  their  arteries,  and  are  usuallj  single-  The  superficiai  epi* 
.gastric  anastomoses  with  the  deep  epigastric,  and  hoth  with  the  internal  mammary. 

Pressure  upon  the  vena  cava  inferior  forces  btood  into  the  superficial  epigas- 
tric vein.  A  dilatjition  of  the  superficial  abdoinrTKil  vtHiiH  to  tlie  size  of  the  little 
finger  (caput  Medu:^ie)  tnay  thuii*  be  caused  bv  eirrhf^si^H  of  the  liver.  This  is 
explained  by  the  anastomosis  between  the  superhcial  epigastric  vein  and  the 
p<»rtal  system :  the  superficial  veins  communicate  with  the  deep  epigastrics  and 
these  with  the  portal  system  by  means  of  a  little  vvna  parumbiUcaUs  running  in 
the  falciform  ligament  of  the  liver. 

Depending  upon  tlie  seat  of  obstruction,  whether  in  the  vena  cava  inferior  or 
in  the  portal  system,  the  course  of  the  blood-stream  in  the  dilated  veins  may  be 
in  one  of  two  directions :  toward  the  umbilicus  in  the  former  case,  and  from  it  in 
the  latter. 

The  deep  veins  are  tbe  vemip  comites  of  the  deep  epigastric  and  deep  circum- 
flex-iliac  arteries.  They  communicate  with  the  superficial  set,  the  internal  mam- 
mary, the  portal  system,  and  behind  the  sheath  of  the  Rectus  with  a  plexus  in 
the  parietal  peritoneuuh 

The  utiperjirial  hfmpkatic  vessels  above  the  unddlicus  empty  into  the  axillary 
glands,  below^  the  umbilicus  into  the  inguinal  glands.  The  deep  lymphatics  prob- 
ably euipty  above  into  the  sternal  glands  and  below  into  tbe  iliac  glands. 
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Pia.  576.— Horizontal  soetion  of  the  posterior  ttbdomiiml  waU  thrtmgh  the  second  lnmb«r  vertebm,  diplit 
•tdc.    (TiUaux.) 

The  nen*e»  supjjlying  the  whale  musculature  are  the  lower  five  intercostal, 
the  anterior  part  of  tbe  first  lumbar.  \h.  tbe  ilio-hypogastric  and  ilio-inguinal. 
Twigs  from  tbe  lower  seven  intercostal  and  from  the  ilio-hypogastric  and  ilio- 
inguinal furnish  the  sensory  supply. 
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There  may  exist  a  eongetiital  deformity  in  the  anterior  wall,  a  partial  lack  of 
development  and  an  uimnited  gyraphYsis  pubis;  with  this  the  anterior  wall  of  the 
bladder  is  lacking  and  its  posterior  wall,  with  ureters,  exposed.  This  condition 
is  called  exstropiu/  fif  the  bhtdder. 

The  posterior  waU  of  the  abdomen  proper  has  no  special  line  of  demarcation 
from  the  antero-lateral  wall ;  its  vertical  length  is  of  much  less  extent  than  the 
latter  (Fig.  576). 

It  is  the  part  into  which  the  skeleton  enters,  composed  of  the  five  lumbar 
vertebrie  connected  by  ligaments  and  disks.  Laterally  are  the  Psoas  and  Quad- 
ratns  himborum  muscles,  and  behind  these  the  Sacro-spinalis  mtiss  (Erector  spin;c 
muscle). 

Through  the  lumbar  region  on  either  side  of  the  vertebral  column  the  follow- 
ing structures  are  met  in  order : 

!•  Skin. 

2-   Subcutaneous  fascia  and  cellular  tissue, 

3.  Lumbar  aponeurosis,  posterior  layer. 

4.  Erector  spinie  muscle. 

5.  Transverse  process  and  lumbar  aponeurosis,  middle  layer. 

6.  Quadratus  lumborum  muscle. 

7.  Lumbar  aponeurosis,  anterior  layer. 

8.  Psoas  muscle. 

9-  Visceral  layer  of  kidney,  cellular  tissue,  and  colon. 

10.   Subperitoneal  tissue  and  peritoneum. 

This  region  presents  the  special  districts,  lumbar  and  iliac,  already  described. 
The  arterieH^  tn^ins^  riervts^  and  hpnphatioi  are  all  called  lumbar. 

The  roof  RTiii  flvi^r  of  the  abdomen  are  elsewhere  described. 
'  The  apertures  found  in  the  walls  o^  the  abdomen  for  the  transmission  of 
structures  to  or  from  it  are — tlie  umbilicus,  fur  the  transmission  (in  the  fictus)  of 
the  umbilical  vessels;  the  vaval  opteimig  in  the  Diaphragm,  for  the  transmission 
of  the  inferior  vena  cava;  the  aortic  opening^  for  the  passage  of  the  aorta,  vena 
azygos,  and  thoracic  duct;  and  the  wmphatjeal  opening^  for  the  a*sophagu3  and 
pneumogastric  nerves.  Behu^  there  are  two  ajvertures  on  each  side,  one  for  the 
passage  of  the  femoral  vessels,  and  the  other  for  the  transmission  of  the  spermatic 
cord  in  the  male  and  the  round  litjament  in  the  female. 


The  Abdominal  Cavity  and  Contexts. 

It  must  be  carefully  noted  that  there  is  a  difference  between  the  abdominal 
cavity  proper  and  the  peritoneal  cavity.  The  peritoneum  does  not  closely  cover 
everywhere  the  abdominal  walls,  but  is  pushed  in  and  out,  leaving  spaces  and 
diverticula  so  that  some  organs  will  be  extraperit<nieal,  others  intraperitoneal, 
yet  all  will  be  inside  the  abdominal  cavity. 

Before  studying  the  peritoneum  it  will  be  best  to  become  more  familiar  with 
the  names  and  location  of  the  important  viscera.  This  can  be  shown  in  a  topo' 
graphival  way  by  dividing  off  the  surface  of  the  abdomen  into  districts  and  con- 
sidering the  chief  organs  lying  in  each. 

Regions. 

Many  authors  have  devised  many  means  for  this  subdivision,  all  of  whicli 
consist  in  allowing  two  horizontal  planes  to  cross  two  perpendicular  ones ;  the 
edges  of  these  planes  are  indicated  by  lines  on  the  abdomen.  An  old  way  was 
to  let  the  edge  of  one  horizontal  plane  intersect  the  anterior  extremities  of  the 
ninth  ribs,  and  to  let  the  lower  plane  puss  through  the  highest  points  of  the 
crests  of  the  ilia*  The  perpendicular  planes  passed  each  one  through  the  centre 
of  Poupart's  ligament. 

The  advantage  of  the  following  method  ( Joessel)  is  that  all  its  planes  pass 
through  bony  points  and  its  two  perpendicular  planes  through  the  brim  of  the 
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pelvis.  Here  tlie  liighest  plane  is  subeostai,  passing  ju^t  under  the  lowest  margin 
of  the  thorax  in  a  line  drawn  through  the  cartilaginous  ends  of  the  tejith  rihs. 
The  lower  plane  is  intarspinouf!  and  passes  through  the  anterior  superior  spines 
of  the  ilia  (Fig.  577). 

This  marks  ofl^  three  zones  or  regions:  1,  Epigmtri*'.  ^.  M*'Soga§trie*  3, 
Ilf/potjastrk.  Each  one  is  again  suhiiivided  into  three  parts  by  the  two  sagittal 
planes  which  pass  through  on  either  side  the  ileo-pectineal  eminence  and  end  on 
the  horizontal  line  connecting  the  tenth  ribs  (Fig.  578). 
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Fio.  Sm—RegtonB  of  the  aMominal  cavity.    Anterior  view.    (Jowaelj 


The  eptgmtric  zone  contains,  in  order,  the  riffht  hijpmhondrium  {67:6,  under; 
yovopoi^  cartilages),  epi/jadrium  (ini,  upon ;  yaarrip,  stomaeh)  and  the  left  htfpo- 
chondrhim.  The  fnesuifustric  zom*  contains  the  rigid  lumlHir^  the  umffiliral,  and 
the  left  htmhar  reffiong  (the  lateral  regions  may  he  called  lateral  abdominal)* 
The  hfpotpJitfnV  zone  contains  the  right  fh'iU\  the  pubic,  arid  hft  iliac  regions. 
Pometinies  the  ilhc  regions  aie  called  iuiiuiual ;  then  a  ifKlnugitinal  region  is  dis- 
tinguished below  Poopart's  ligament. 

The  limits  of  the  epigaatrio  zojiv  are  the  diaphragm  above  and  below  the 
horizontal  plane  through  the  anterior  ends  of  the  tenth  ribs.  The  lateral  and 
poateriur  limits  follow  the  eleventh  and  twelfth  ribs   to   end  with  the  last  on  the 
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spinal  column.  The  epigaatric  surfiice  of  this  region  is  triangular^  placed  between 
the  coatal  arches  and  horizontal  line  below.  The  transverse  colon  corresponds 
to  this  horizontal  line.  Somewhat  higher,  opposite  the  ninth  rib,  is  the  greater 
,  cnrvatore  of  the  stomach  in  moderate  distention.  In  the  middle  of  the  epigas- 
trium fart  best  above  is  a  depression  called  the //rf«^r/L^  or  r?arrfi'{U\/;>^*/i  (scrobiculus 
cordis) ;  corresponding  to  this  place  is  the  liver  and  pyloric  end  of  stomach. 

The  hi/pochou'lriac  regions  include  the  spaces  between  the  diaphragm  supe- 
riorlv,  posteriorly,  and  externally,  the  costal  cartilages  interrKiUy,  and  the  hori- 
zontal plane  below.  The  right  one  is  filled  by  the  liver.  The  left  one  contains 
the  spleen,  the  splenic  flexure  of  the  colon,  the  greater  part  of  the  stomach,  and 
after  distention  of  the  stomach  a  large  part  of  the  great  omentum* 


Jr' 


^-iHV: 


i^J. 


FjG,  579.— Kegloiifl  of  the  abdominal  cavity.    Posterior  view.    (JoesBel.) 

The  meso(ja»tric  zone  is  bounded  above  by  the  epigastric  zone  and  below  by 
the  horizontal  plane  passing  through  the  anterior  superior  spines  of  the  ilia. 
Laterally  and  bt*hintl  are  the  crests  of  the  ilia.  In  the  umbilical  region  lie  the 
great  omentum,  the  loops  of  small  intestine,  anrl  tlieir  mesentery.  In  the  lumbar 
rei/foifg^  which  extend  Irom  the  perpendicular  lines  drawn  through  the  ileo-pcc- 
tineal  eminences  around  to  the  vertebral  column,  are  also  small  intestines,  the 
kidneys,  the  ascending  and  descending  colons. 

The  hypogmtric  zone  is  bounded  above  by  the  mesogastric  and  below  by  the 
brim  of  tlto  trne  pelvis.  The  pubic  region  in  the  centre  contains  the  bladder,  the 
right  iliac,  the  caecum,  and  the  left  iliac,  a  part  of  the  sigmoid  flexure. 
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To  recapitulate : 

Ru^h t  Hifpoehon dr iu m , 
Liver. 


Hight  Lumbar' 
Right  kidnej. 
Small  intestines, 
Aseuoding  colon. 

Right  Iliac. 


Epigastrium, 
Liver, 
Stoiiiaoli. 


Umbilieal  Regioju 
Great  omentum. 
Small  intestines;. 
Mesentery. 


Left  Hyp oe hond$'iu m , 

Greater  part  of  stomach. 

8pleen. 

8|>leiHc  ilexur©  of  colon. 

Great  omentum. 

Left  Liimhar. 
Left  kidney. 
Small  intestine:*. 
Deseemiin^  colon. 


PuhU\  Left  Iliac  n 

Bladder.  Part  of  sigmoid  flexure. 

Fig.  Th  9  gives  a  posterior  view  of  the  abdominal  cavity,  showing  a  rerfehral 
regiatt  and  the  two  latenil  regions  of  the  mcsogastrie  xone  continued  postetuorly, 
the  right  and  left  lumbar.  There  are  to  he  seen  the  outlines  of  tlie  kidney.s  the 
spleen,  the  ascending  and  descending  colons.  The  dotted  line  meeting  the  ver- 
tehral  column  at  the  eleventh  rib  is  the  lower  lung  limit;  the  line  at  the  twelfth 
rib  is  the  lower  pleural  limit.  The  vertebral  region  includes  the  vertebral  eolunin 
and  part  of  the  Quadrattij^  lumboruni  muscles. 

TEE  PEBITONEim. 

Let  us  now  suppose  the  student  has  finished  the  dissection  of  the  antero- 
lateral abdt^minal  wall,  has  studied  the  anatomy  of  ingiiiual  and  femoral  hernia, 
the  sheath  of  the  Rectus  mnsek%  ami  has  seen  the  adminivuhtm  liiietv  aUnP,  The 
semilunar  folds  of  Douglas  are  before  him,  and  he  is  ready  to  incise  the  trans- 
verealis  fascia  and  the  parietal  peritoneum. 

The  Recti  muscles  should  have  been  cut  transversely  a  little  below  the  umbil- 
icus and  both  turned  down  together  from  their  sheath  without  dividing  the  linea 
alha. 


." 


Fig.  580.— Pnjsterlor  view  of  the  Rvoti  ubdomtniB  mujtclea.    (LuiClikA.t 

Behind  the  Reeti  on  the  lower  and  posterior  part  of  the  linea  alba  is  a  trian- 
gular batid  ^A*  libroHs  tissue  called  adfuinieulum  Unetv  aline  (adminieulum.,  *•  prop 
uii  which  a  vine  grows")  (Fig.  580,  4).    It  passes  up  4  or  5  cm.  to  strengthen  the 


white  line,  its  apex  being  above  and  its  base  below.     It  ri^es  from  the  crests  of 
the  pubic  bone.s  and  archer  over  the  upper  etlge  of  the  symphysis  pubis.     This 
should  not  he   mistaken  for  the  urachus  wliieh  lies  behiud  it,  separated   by  the, 
transversalis  fascia;  both  are  outside  the  peritoneum. 

Now  open  tlie  peritoneal  cavity.  Do  not  make  a  median  incision  from  the^ 
ensiform  cartilitge  to  the  symphysiB  pubis*  Start  at  the  nmldlicus  and  make  two 
obliijue  cuts  from  it,  one  to  each  Poopart'a  ligament  near  the  anterior  superior 
spiue  of  the  ilium  ;  make  one  more  from  the  umbilicus  to  the  ensiform  cartilage. 
Make  a  transverse  cut  on  citLer  side  when  more  room  is  desired.  To  the  right 
of  the  upper  incision  will  be  seen  a  round  cord  passing  from  the  umbilicus  to  the 
under  surface  of  the  liver  and  enclosed  in  a  double  layer  of  serous  tissue.  The 
latter  is  peritoneum,  called  the  broad,  siLspensory,  or  falciform  ligarnvnt  of  the 
liver;  the  cord  is  the  nmad  In/attieHt  of  the  liver,  or  a  part  of  ihi*  iMfterati'd 
umbllieal  vciu^  wLiih  in  the  ftctsil  state  carried  arterial  blood  from  the  placenta 
to  the  liver  first  and  t hence  over  tlie  body. 

Turn  down  the  lower  trianguUir  flap  and  the  view  presented  is  shown  in  Fig. 
581.     Three  distinct  bands  or  cords  are  seen  passing  from  below  upward  toward 


^ka  hypotfostrifn 


P't'm  umi-fti 


itiguinalfoita 


Infrmtit  inffuinnl 
CiUarUry 


nUuidcr 


Ym*  581.— Posterior  view  of  the  anterior  abdomlriAl  wail  lu  its  lower  Imlf.    The  i>erJtuneum  U  \\i  place  aad 
tho  Tftrloiuoords  are  shiDiiig  thro aiu;h.    (Aftx'fr  Joessel.)  ' 


the  umbilicus.  They  arc  all  f^jetal  structures.  The  middle  one  is  the  urachinf, 
the  remnant  of  the  stalk  of  the  alhintois;  it  may  remain  pervious.  The  two 
lateral  ones  are  the  obliteraU'd  hi/po*ja»trk  arteries  which  conveyed  venous  blood 
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from  the  foetns  to  the  placenta  for  oxygenation  which  was  returned,  as  we  have 
een,  by  the  umbilical  vein.  The  voiinger  tbe  subject  under  dissection,  the 
bigger  are  these  two  cords.  Near  the  umbilicus  they  subdivide  into  numerous 
threads  which  in  part  join  the  urachus,  in  part  run  free  toward  the  umbilicus, 
and  only  the  smallest  part  reaches  it.  Tbe  proxiTual  [mrt  of  this  artery  is  still 
pervious  after  birtb  ii.s  far  a^j  the  bladder  under  the  name  of  superior  vesical. 

To  either  side  of  the  three  cords  is  seen  the  deep  epigastric  artery  passing  in 
behind  the  Rectus  at  the  semilunar  fold  of  Douglas.  These  five  bauds  are  cov- 
ered posteriorly  by  peritoneum,  which  is  thrown  backward  in  five  fobls  or  ridges 
(plica,  fold)  forming  in  all  six  fosste,  or  three  to  a  side.  Sometimes  the  obliter- 
ated hypogastric  artery  is  identical  in  position  with  the  deep  epigastric^  in  which 
case  folds  and  fossae  are  less  in  number*  Tbe  middle  fold  is  called  plica  umbil' 
icalis  media  or  superior  ligament  of  the  bladder ;  the  next  on  either  side  the  plica 
timhilicah'M  hiteralis,  or  lateral  ligament  of  the  bladder ;  tbe  fold  over  the  deep 
epigastric  artery  is  tbe  jdiea  epigaatnca.  Tbe  simple^^t  nomenekture  is  plica 
ur^ielu\  plica  h/fm^aslnca,  pUea  epk/asfriea,  Tlie  fossie  included  between  these 
folds  are  named — the  most  external-,  outside  the  epigastric  artery  and  above  Pou- 
partes  ligament,  the  external  ivyuinal  fossa  ;  between  tbe  urachus  and  the  cord 
of  the  obliterated  hypogastric  artery  is  the  ititemal  iutpmtal  f*ima^  and  tbe 
remaining  depression  is  tbe  middle  imjuinal  fnHna.  This  one  ma}^  be  very  narrow 
and  quite  deep.  The  external  fossa  has  on  its  tloor  the  internal  abdominal  ring, 
and  admits  the  oblicjue  inguinal  hernia;  eitlier  of  the  other  two  allows  a  direct 
inguinal  hernia.  To  the  inner  side  of  tbe  femoral  vein  is  the  femoral  or  crural 
fo»m^  the  site  of  femoral  hernia.  All  tbe  above  points  should  be  noticed  when 
the  abdomen  is  opened. 

The  structures  now  presented  for  study,  more  or  less  preliminary  at  first  and 
in  detail  later,  are  here  presented. 

1.  Peritoneum  which  lines  tbe  cavity  and  clothes  the  viscera. 

2.  Abdominal  part  of  alimentary  canal : 

I  Duodenum. 
Small  Intestine <  Jejunum. 
[  Ileum. 

^Cnecum. 
Ascending  colon. 
Transverse  colon. 
Descending  colon. 
Sigmoid  Flexure. 
Rectum. 


Large  Intestine  < 


(  Liver. 
8.  Accessory  Glands  <.  Cxall-bladder, 
(  Pancreas. 

4.  Spleen. 

5.  Two  Kidneys,  Ureters,  Adrenals  or  Suprarenal  Capsules,  and  Bladder. 

6.  In  female.  Uterus,  Ovaries,  and  Fallupijiri  Ttjbes. 

7.  Lymphatic  Glands,  Vessels,  and  beginning  of  Thoracic  Duct. 

8.  Abdominal  Aorta  and  nine  sets  of  branches. 

9.  Vena  cava  inferior  and  tributaries;  beginning  of  Vena  azygos  major  and 
minor. 

10.  Portal  venous  system. 

IL  Lumbar  Plexus  of  cerebro-spinal  nerves;  Sympathetic  Nerves  and 
Plexuses. 

We  get  but  a  partial  view  of  all  when  the  viscera  are  undisturbed  (Fig*  584). 
Like  a  curtain  the  (irvat  omentum  conceals  most  of  the  small  intestines,  but  it 
may  be  short  or  turnrti  u]i  or  to  one  side.  The  parts  to  be  seen  are  indicated  in 
the  diagram.  To  find  the  trnngvcrse  ctdon^  throw  the  great  omentum  and  stom- 
ach well  up  over  the  ribs;  now  the  whole  colon  can  be  traced,  beginning  in  the 


Fig.  &82.— Anterior  view  of  His'  modeb  of  the  abdominal  coutetiU.    Drawn  from  pbolographB. 


Seminal  ttxf  jV 
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right  iliac  fossa  at  the  ea^cum,  then  upward,  across,  downwiinU  i\m\  into  the  sig- 
moid tlexure  and  rectum.     This  surruiiiidt*  the?  coils  of  the  small  intestines* 


Um 


-S(nmnrh 


A.  gaatnhepi- 
'  pioica  9(ntjUrQ 


~^A.  omnUatia 


Colon 


kfccndeM 


fum  mc^ua 


CKeum'" 


Fio.  564.— Position  of  abdominal  orgHTiB  In  u  state  or  moderate  diitcutloD.    (Joessel.) 

The  other  structures  not  evident  without  dissection  or  manipulation  ciin  be 
located  by  aid  of  Figs.  582,  583,  The  organs  there  are  all  spaced  and  so  are 
not  in  their  exact  positions. 

It  is  customary  to  study  the  peritoneum  before  taking  up  the  separate  viscera. 
This  membrane  has  quite  a  reputation.  Whenever  in  Human  Anatomy  any- 
thing is  difficult  or  obscure,  one  should  leave  the  complex  adult  fc^rm  and  study 
the  more  primitive  simple  type  of  the  embryo  or  new-bnrn  :  if  that  be  not  wholly 
satisfactory,  go  to  the  lower  animals  (Oomparatjve  Anatomy),  %vhile  tlte  ambi- 
tious student  investigates  even  fossil  animals  (PahFontolngy).  It  is  meant  by 
this  that  the  medical  student  should  first  tstiidy  sometliing  of  the  development  of 
the  peritoneum  before  opening  the  abdominal  cavity  an<i  destroying  important 
structures. 


Some  EtBential  Fatt^  (n  the  Development  of  the  Peritoneum, 

In  the  early  development  of  the  alimentary  canah  before  tlie  twelfth  day  in 
the  human  embryo,  all  three  germ-layers  jnisb  forward,  are  folded  over,  and  pro- 
duce the  head  and  the  anterinr  part  of  the  fore-put.  This  is  blind  at  tlie  front 
end,  and  the  mouth  is  developed  later  by  an  invagination  fnmi  the  exterior.  The 
middle  part  of  the  future  alimentary  tract,  viid-gut,  is  in  free  communication  for 
some  time  with  the  blastodermic  vesicle  which  is  later  called  the  jfoIk'Sac,  The 
approximation  of  the  body-walls  at  the  umbilicus  gradually  pinehes  the  fiolk-staJk 
off  into  the  vitelline  duct,  so  the  sac   finally  lies  wholly  outside  the  body  of  the 
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embryo  and  that  part  of  it  enclosed  within  is  the  pleuro-peritoneal  cavity  (Fig. 
686).  Finally,  at  the  caudal  end  a  hind-gut  is  formed  and  an  anus  added  by  a 
process  of  invagination. 


AffJkfiJQn. 


Bind-fjUt 


Fio.  586.— Diagram  of  a  longitadinal  section  of  a  mammalian  embryo.    Very  early.    (After  Quain.) 

Thus  the  whole  alimentary  canal  was  originally  a  straight  tube  placed  in 
front  of  the  aorta,  or  the  original  two  primary  aortae,  and  that  in  front  of  the 


Fore-gut 


Hind-gut 


■Mid-gut 


Fig.  586.— Schematic  median  section  of  a  human  embryo.    (After  Dexter.) 

future    vertebral    column,  the    chorda    dorsalis  (Fig.    586).      Along    its    middle 
region,  the  anterior  wall  is  lacking  as  it  opens  here  into  the  yolk-sac. 


THE  PERITONEUM. 


The  fore-gut  contracts  to  form  the  oesophagtiSf  which  is  very  short  (Fig.  587). 
This  gradually  widens  into  a  spindle-like  dilatation  indicating  the  stomach.     The 


Oeaoj 


Hitidipit 


Fio.  587.— Schematic  median  section  of  a  human  embxyo  of  fourth  week.    (After  Dexter.) 

small  intestine  is  short  and  straight  with  a  wide  opening  into  the  yolk-sac.     Just 


X,0jiei'  O^roatm-t 


Fio.  588.— Schematic  median  section  of  a  human  embryo  of  fifth  or  sixth  week.    (After  Dexter.) 

below  the  stomach,  the  liver  is  budding  out  from  the  duodenum.     This  stage  is 
attained  in  the  fourth  week  in  the  human  embryo.     There  are  now  five  successive 
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districts  m  the  wliuk'  canal,  mouth,  throat  and  visceral  clefttty  a^sophagus,  spindle- 

sha]>i'd  atomnch^  jtnd  the  remaining  tube  connected  with  the  yolk-sac. 

By  the  fifth  or  sixth  week,  tlie  stamarh,  at  first  straight  and  parsillel  with  the 

axis  of  the  hudy,  hogins  to  show  a  convex  greater  cnnmtnri'  toward  the  vertebral 

column  and  a  concave  les^tr  curvature  on  the  opposite 
side.  This  is  covered  hy  the  vohiminoua  liver.  The 
ftj/ioriv  end  is  tilted  away  from  the  column  and  this 
forms  the  duodena!  loop  (Fig*  588).  As  the  commu- 
nication with  the  yi>lk-sac  becomes  constrictetl  and 
ahsorhe<i  there  is  developed  a  long  utuhtlwal  loop  tif 
intestine  opposite  the  vkelUne  duet.  The  end  of  this 
loo[i  passes  for  a  time  into  the  umbilical  cord  sur- 
rounded by  a  protrusion  of  the  peritoneum.  This 
looji  pusses  downward  and  forward,  and  consists  of 
two  nearly  p:irallel  arms  between  which  is  stretched 
the  mesentery.  At  n  little  distance  from  the  vitelline 
duct  on  the  lower  arm  of  the  hujp  is  seen  a  small  en- 
largement;  this  marks  the  future  ca'cum  nml  begin- 
ning of  the  colon  and  end  of  small  intestine.  Five 
portions  of  intestine  arc  now  to  he  distinguished : 
the  short  part  passing  back  from  the  slomiRh  toward 
the  spinal  euhimn  beeoiues  duodeuum  ;  at  the  turn- 
ing-point into  the  umbilical  loop  is  the  duoderio-jejunal 
Jufietion  ;  the  anterior  descending  arm  and  benfi  of 

the  loop  become  nuiall  inteHtine  ;  most  of  the  ascending  posterior  arm  becomes 

colon ^  and  the  terminal  part,  !<i<pfiofd  Jh\rut*e  and  rectum. 

At  first  the   alimentary  trart   is  mostly  in   contact  with  the  chor<la  dorsalis 

held  by  a  broad  mass  of  ead>ryonai  connective  tissue.     This  tissue  contains  two 


'\Anterifir 

Aljituentoijf  Tract- 
Fftttcfior  Mesentery 

Aovta 


FiQ,mi.-F\s.  oST.  with  me^n- 
tories  ddded.    (i>ej£ler.) 


GaJftro-hcptttfi 
OthentHm 


HepatU 


■Splten 

Le*9er  CHrraturt 
•Qmater  Curvaturt 
■Mtaoffiuitflum 


Mticnttryi 


BmaU  InteKtii 


Hint  <V— / 


Fto,  5CW.— nifti^riim  to  show  the  oriuirml  positions  of  the  liver,  slomfl^'h,  duodenum,  pancrtfus  &tid  tpleen, 
anil  the  mi'M^iikrles  corkiieuted.    A  longitudinal  section.    (Hcrtuig.t 

primitive  aorta?.  The  right  am]  left  portions  of  the  borly-cfnity  approach  each 
other  and  compress  this  tissue  into  a  ofcsenten/,  which  is  attached  to  the  whole 
length  of  the  tube  beginning  with  the  stomach,  connecting  it  with  the  chorda. 
The  special  part  of  this  membrane  attached  to  the  stomach  posteriorly  is  called 
memHpiiitrium,  that  to  the  small  intestine  is  called  menentertf  (medium  inteMinum 
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^T  fiiaov  ivTipop^  middle  intestini'):  that  to  the  eolon^  the  mesocolon;  that  to  the 
iiigmoid  flexure,  the  m*'Sosi*imoitJea  or  sftjjftonl  me^oeukm  ;  tiiid  that  to  tho  recti nn, 
the  mciforrctum.  This,  has  not  been  represented  in  the  above  figures  for  the  sake 
of  sinipHcity.  There  is  also  a  vttitml  me»entery^  but  not  of  stteh  extent  as  the 
dorsiih  It  extends  along  the  front  of  the  filinientary  canal  from  the  throat  to 
the  lower  end  of  the  duodemim  and  in  front  as  far  down  as  the  uinbilieu^s 
(Fig.  589).  It  ahnoHt  fuakes  the  hoily-eavity  a  paired  structure.  In  tlie  upper 
part  of  this  meiieiitery  is  developed  the  heart,  the  part  enclosing  it  being  called 
mesocardium  anterins  and  po»U'riH».  The  lower  part  extends  from  the  stomach 
and  duodenum  to  the  anterior  wall  and  has  manj  names — lunitral  (gastric  and 
duodenal  jftesntfert/,  Uver-ridf/e  and  pridirpaticus ;  it  is  never  called  anterior 
niesogastrium. 

The  liver  is  here  developed  anterior  to  the  stomach,  budding  from  the  anterior 
part  of  the  beginning  of  the  duodenum  (Fig.  090), 

The  paiwri'tj^  buds  from  the  posterior  part  of  the  duodenum,  vertical  at  first 
and  covered  on  both  sides  by  the  mesentery  of  the  small  intestine;  it  passes  into 
the  mesogiistrium  later  and  becomes  transverse. 

The  »pfee}}  is  developed  in  the  second  month  in  the  mesogaatrium  and  is  not 
cnnnected  directly  with  the  alimentary  canal. 

At  this  stage,  passing  from  before  backward,  we  find  the  structures  arranged  : 
anteriorly,  liver;  in  the  centre,  stomach  :  posteriorly,  spleen  and  pancreas*  The 
anterior  mesentery  in  front  of  the  liver  becomes  the  suspensory  or  falcit))t'm  Uga- 
jnent  of  the  liver,  extending  to  the  umbilicus  below  and  embracing  the  intra- 
ahdominul  part  of  the  umbilical  vein.  The  anterior  mesentery  between  the  livt-r 
and  stomach  becomes  the  Irmer  omrntum  or  %.  ht-palO't/astro-duodcnaie.  The 
mesogastrium  between  stc*mach  and  spleen  becomes  qastt'o-spienie  af/wntum^  and 
that  part  between  the  spleen  and  vertebral  column  forms  the  i/reat  omentum* 

Fig.  591  is  a  cros.'^-section  of  the  same  embryo.  Anteriorly  are  the  two  sacs 
of  the  liver  projecting  one  into  each  side  of  the  body*cavity*  The  right  sac 
grows  to  a  larger  size  than  the  left;  they  form  resjiectively  the  right  and  left  lobes. 
Behind  these  is  the  duodenum  and  behind  that  the  pancreas.     The  intervening 
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tutUm  of  tlu*  mesentt'ty  in  a  six* 


parts  of  the  mesentery  are  called  ligaments,  viz.  first,  suspensort/  ligament  of 
liver,  next  heptitti-dundefial  lujamtnt^  next  d tiodnto-ptutcrrftttr  Utjamenf^  and  lastly 
the  dorsal  mesentery.     Note  that  pancreas  and  iluodermni  are  wholly  enclosed. 

The  vagciilar  arrmigement  of  this  stage  is  shown  in  Fig.  592.  The  eoeliac 
axiji^  the  superior  mvnenterir  and  inferior  wvM'nteriv  arterit'%  have  their  points  of 
supply  definitely  marked  out  even  in  the  sixth  week.  Tbey  pass  from  the  aorta 
between  tbe  two  layers  of  the  mesogastrium  and  mesentery  to  their  destinations, 
which  never  change.  The  c*eliae  axis  goes  to  the  stomach,  spleen,  pancreas, 
liver  and  part  of  duodenum;  the  superior  mesenteric,  to  part  of  duodenum,  the 
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I 


Bmall  intestines,  and  part  of  coIod  ;  the  inferior  mesenteric^  to  the  remainder  of 
the  tube. 

The  length  of  the  intestine  continually  increases,  and  it  becomes  more  beot 
and  tortuous,  till  from  the  third  month  on  there  occur  two  important  changes,  one 
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Fla.  593,— Torsilon  of  the  uniljIUcal  loop. 
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Initial  Fia.  694— Toriion  of  the  umbUical  loop, 

quired  poeillioii.    liJonneaco.) 


Ac- 


in  regard  to  a  twist  of  the  intestinal  loop  and  one  in  regard  to  a  chancre  in  posi- 
tion of  the  stomach.  The  ascending  and  descending  arms  of  the  iiinbiUeal  loop 
have  been  lying  side  bj  side  one  above  the  other;  now  the  lower  arm,  which 
becomes  ciecuui  and  colon,  begins  to  pass  over  the  upper  arm  and  crosses  the  small 
intestine  transversely  (Fig,  5^3).     The  upper  arm  moves  but  little  or  none,  as  it 
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Fiti-  5<JCn— EHiveUtpmc'iit  of  human  nlkiientary 
canul  mid  mesentery.    EftrUerstAge.    (HertwlgJ 


Fio.  89fi.— DeT&topmeiit  of  human  allmeolAry  canal 
ftod  nieiGnteiy.    Later  EiAgc.    (Hcrlwig.) 


is  already  fixed  to  the  vertebral  column  at  its  upper  duodeno-jejunal  end*  perhaps 
by  the  muscle  of  Treitz. 

The  cpecum,  which  has  already  developed  an  appendix,  is  thus  landed  wholly  on 
the  right  side  of  the  body  up  under  the  liver  (Figs.  594  ami  SBti),  At  first  there 
is  no  tuseending  colon,  the  transverse  colon  running  across  the  duoiienum  inferior 
to  the  stomach  and  up  to  the  spleen,  making  a  splenic  tlexure  ;  it  passes  through 
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the  left  lumbar  region  and  is  continued  into  the  sigmoid  flexure  and  rectum.  The 
caecum  increases  in  length  and,  finding  least  resistance  below,  finally  settles  into 
the  right  iliac  fossa,  dragging  down  a  short  ascending  colon. 

The  mesentery,  seen  in  the  loop  of  Fig.  592,  makes  a  half  rotation  as  do©§ 
the  loop,  and  it^  anterior  surface  becomes  posterior,  as  may  be  inferred  from  Figs, 
595  and  596. 

Fig.  59T  shows  the  arterial  supply  after  the  twist  of  the  umbilical  loop,  with 
the  coeliac  axis  behind  the  stomach,  the  superior  mesen- 
teric artery  fastening  the  duodenum  between  itself  and 
the  aorta,  and  the  inferior  mesenteric  coming  off  below. 

During  this  period  of  intestinal  torsion,  the  stomach 
has  suffered  a  double  change.  First  the  stomach  twists 
around  an  antero-posterior  axis,  so  its  cardiac  or  oesoph- 
ageal end  moves  to  the  left  and  downward^  while  its  py- 
loric end  moves  a  little  to  the  right  and  upward ;  and 
its  vertical  position  becomes  more  transverse. 

Secondly,  its  long  axis  having  been  parallel  to  the 
vertebral  column,  it  originally  presented  a  right  and  left 
surface,  supplied  respectively  by  the  right  and  left  vagus 
nerves.  It  now  falls  over  so  that  its  right  side  becomes 
posterior  and  its  left  side  anterior,  and  the  greater  curv- 
ature becomes  more  inferior,  and  the  lesser  curvature 
more  superior.  The  vagus  nerves  still  supply  the  same 
surfaces,  which  have  changed  their  positions :  the  right 
nerve  now  goes  to  the  posterior  surface  and  the  left  one 
to  the  anterior  surface. 

The  lower  end  of  the  cesophagus  also  experiences 
the  same  torsion. 

The  me^ogastrium  is  modified  by  this  rotation  to 
the  right.  In  the  anterior  mesentery  is  the  liver  (Fig. 
590),  but  in  the  adult  we  find  it  shifted  to  the  right  side 
of  the  body.  The  spleen  was  posterior  to  the  stomach  ; 
in  the  adult  it  is  to  its  left.  So  these  three  antero-pos- 
terior  organs  have  become  laterally  placed,  and  from 
right  to  left  are  hereafter  found :  liver^  stomach,  spleen. 


Fio. 


597.— Final  dlsiJOftUion 
of  the  inteitine*  and  their  va^- 
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ach  and  me90ga«trluni  of  two  layers  viewed 
from  the  side.    {Q,  8,  H,) 


Fio.  Mi».— Stomach  turned  to  right  <>ticloalns  a  apace 
ht'hiod  it,  rcpre«enting  Ihe  jcreat  omentum  and  iu  cavity 
viewed  from  the  front.    {0.  8.  H.) 


Again  connected  with  this  torsion  of  the  stomach   is  associated  the  formation 
of  the  ffreat  omeniunu     To  illustrate  this,  carve  a  piece  of  wood  to  represent  the 
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tfitomach;  let  two  layers  of  cloth  attaclied  to  the  posterior  bonier  represent  the 
mesogastrium  attached  to  tlie  vertebral  column  (Fij;.  598),  This  was  the  original 
conilitioii  (Fig,  51*2).  Now  turn  the  stomacii  to  tlie  right,  allowing  the  cloth  to 
fall  loosely  to  the  left,  and  iraiiied lately  a  cavity  is  formed  included  between  two 
layers  of  cloth  anteriorly  and  two  layers  posteriorly  (Fig.  5U9).  In  the  embryo 
a  similar  cavity  is  formed  called  the  eavitif  of  the  y/reat  omt'udun,  the  lesfier  sac 
of  peritoneum^  bursa  omrntaUs  ;  and  a  similar  fold  of  four  layers  is  formed  called 
the  *]frefU  omentum  which  in  the  embryo  and  infant  contains  this  cavity* 

The  entrance  to  this  cavity  is  indicated  by  the  arrow  in  Figs,  5^5,  596,  and 
699,  and  the  bulging  of  the  great  omentum  is  seen  to  the  left  of  and  below  the 

I  greater  curvature  of  the  stomach.  Compare  the  above  with  Fig,  600,  and  the 
position   of  the  sac   will  be  better  understood. 

The  front  wall  of  the  bursa  omentalis  is  formed  by  the  stomach  ;  the  posterior 
wall  by  the  mesogastrium,  which  at  first  completely  invests  the  pancreas,  touches 
the  spleen,  and  covers  part  of  the  left  suprarenal  capsule.  The  opening  is  turned 
to  the  right  and  covered  anteriorly  by  the  lesser  omentum.     The  space  between 
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Fig.  ndL-Samc  Paction  ai  In  Fie.  60O,  at  end  of 
Ihird  invnlh.    ^Toldt.) 


the  lesser  omentum  and  right  end  of  pancreas  is  the  atrium  bursa*  omentaHi  or 
the  mitcehanthvr  or  lesiter  o?nental pocket.  It  lies  below  and  behind  the  Spigelian 
lohe  of  the  liver.     The  bursa  proper,  or  lesser  sac,  is  that  part  heliiud  the  stomach. 

By  tbe  end  of  the  third  month  the  pancreas  touches  the  left  suprarenal  cap- 
Btile  (Fig.  001),  the  layer  of  mesogastrium  separating  the  two  becomes  later 
absorbcth  and  tlie  jiancreas  is  then  an  extraperitoneal  organ  sc|jarated  from  the 
kidney  or  ca|isule  hy  connective  tissue.  By  further  develojiment  this  lesser  sac 
contitHies  to  jmsh  between  the  layers  of  the  great  omentum  flownward  and  to  the 
left,  and  fuses  with  neighboring  viscera.  The  great  umentum^  formerly  a  part 
of  the  mesogastrium,  comes  to  hang  freely  down  over  the  transverse  colon  and 
then  in  front  nf  tlie  small  intestines,  as  about  to  do  in  Figs.  596  and  602. 

The  lanielhe  composing  the  bursa  onjentalis  or  lesser  sac  are  each  composed 
of  two  layers;  they  are  placed  close  together  and  are  continuous  below  (Figs. 
602  and  603).  The  more  anterior  one  is  attached  to  the  greater  curvature  of 
the  stomach  and  the  posterior  one  lying  on  the  intestines  was  originally  attached 
to  the  vertebral  column  and  enclosed  most  of  the  pancreas  (Figs.  600  and  602), 
In  many  mammals  no  further  change  occurs.     In  man  fusions  fullow  :    the   pos- 


terior  lamella  covers  a  large  part  of  the  posterior  abominal  wall,  and  its  original 
liiK'  of  vertebral  attachment  gets  displaced  to  the  left ;  it  joins  the  diaphragm  and 
forms  the  /(</.  pkreno-liemife.  sQspenssory  ligament  of  the  spleen.  Below  it  he- 
fomes  fused  to  the  upper  layer  of  the  transverse  mesocolon  and  to  the  trans- 
verse colon  (Fig.  603).  These  two  contiguous  layers,  L  e,  the  posterior  layer  of 
the  mesogastrium  and  the  upper  layer  of  the  transverse  mesocolon,  may  present 
a  fissure  at  birth  in  many  mammals.  During  early  infancy  in  the  human  species 
they  form  a  single  lamella  with  a  deposit  of  fat  (Fig,  603).  In  adult  life  no  trace 
of  the  extra  layer  is  seen. 

There  are  then  three  types  of  relation  of  the  posterior  layer  of  the  great 
<*mentum  to  the  transverse  mesocokm  :  f</ ^7/,  where  they  are  separate  (Fig,  602); 
infantile^  where  they  are  fysed  into  one  hiyer  (Fig,  603);  and  aduU^  where  all 
trace  of  this  layer  has  disappeared  and  the  posterior  lamella  of  the  great  omen- 
tum seems  to  enclose  the  tnins verse  colon  (Fig.  606), 


Dinphrngm 


Stomach 

Oreater  curvature 
Aliterior  kmfiOa  qf  greater  otneMum. 
ftitterhr  tamtU^i  Iff  gteaier  Qmtrnium 

Traruverm  colon 


Oreater  amentum 


Later  vmentum 


Hineretu 


Duo<kmm 


MeMCfitery 


bmall  murine 
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The  lesser  sac  of  peritoneum  (bursa  omentalis)  is  still  continuous  with  the 
greater  sac  or  general  peritoneal  cavity,  something  like  the  two  cavities  of  an 
hour-gla.ss,  only  the  upper  cavity  (leSvSer  sac)  is  comparatively  small  and  bent 
down  behind  the  other.     In  Fig.  603  the  cavity  behind  the  stomach  is  connected 
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Ft<3.  603.— Development  ui  tiMi>a  uunrnirtlis.   [niuttiUi;  stAge.    Great  omentitTn  covers  the  Intestines  ftnd  hits 
fu&cil  with  the  Iruii-iverae  meactculoii.    Fttnureii*  ia  frte  of  peritoneum  poslcriorljr.    i,Hertwlgj 

%vith  the  hirger  cavity  in  front  of  it  by  nixmns  of  a  foramen  to  the  right  of  the 
lesser  omentum.  It  is  the  fonrtfien  of  Wi}ii<hrH\  and  is  to  be  f<miid  just  nnder 
the  hilus  (the  black  spot  on  a  bean)  of  the  liver  to  the  right  side  of  the  neck  of 
the  gall-bladder. 

After  ciiildhood  the  cavity  of  the  lesser  sac  descending  into  the  great  omen- 
tum is  obliterated  and  the  four  layers  are  fused  into  an  omental  plate. 
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Mesentery  of  tlie  Small  Intestine  and  Colon* 

Tho  mesentery  is  influenced  by  the  increase  in  length  of  the  small  intestine. 
It  fjeeomes  fan-shaped,  and  its  length  at  its  insertion  into  the  intestine  is  many 
times  that  of  it«  origin  from  the  lumbar  vertebrae;  so  it  lies  in  folds  and  is  called 
ajYilL  In  man  after  the  fourth  month,  this  becomes  moro  complicated  by  fusions 
with  the  posterior  body-wall  or  neighboring  viscera.  It  afl'ects  especially  the 
imesentery  of  the  duodenum  and  colon. 

The  duodenum  at  first  is  completely  invested  with  peritoneum  (Fig,  595); 
later  other  viscera  growing  faster  are  thought  to  pull  it  away  and  appropriate  it^ 
and  so  posteriorly  it  comes  to  lie  on  the  posterior  wall  of  the  body  and  becomes  an 
immovable  organ  (Fig*  603). 

The  large  intestine  possesses  a  suspensorium  attached  to  the  vertebral  column 
and  designated  the  mesoeohm.  When  tlve  twist  of  the  umbilical  loop  occurred, 
the  transverse  colon  and  its  mesocolon  were  drawn  tninsversely  across  the  duode- 
num, and  a  new  secondary  line  of  attachment  was  thus  formed.  This  explains 
why  in  the  adult  we  find  the  body-cavity  divided  by  the  transverse  colon  and 
transverse  mesocolon  into  chambers,  an  upper  and  a  lower*  In  the  upper  are  the 
stomach,  liver,  pancreas,  spleen  and  part  of  duodenum  ;  in  the  lower,  part  of 
duodenum  and  the  small  intestines*  The  duodenum,  in  order  to  get  from  the 
upper  to  the  lower  space,  passes  underneath  the  transverse  colon  or  apparently 
through  the  mesocolon  (Fig.  596). 

The  caecum,  ascending  and  descending  colon,  also  lie  with  their  posterior 
walla  more  or  less  in  contact  witb  the  body-wall^  but  sometimes  they  have  a  more 
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Fto.  604.— Cro«*  section  of  alimentary  canal  of  Fig.  506  lo  show  mefteEiteHe»«    (Dexter  ) 


or  less  distinct  mesentery  aa  tbey  did  originally.     The  original  disposition  can  be 
seen  by  taking  a  cross  section  of  the  alimentary  canal  in  Fig.  596  along  the 


Ik^lt  Watt 


Fio.  OOS^'-Bchematto  drawing  of  a  erou  section  of  a  i»erou»  cavity.    (Gi»g«nbaur.) 


line  X.  Each  colon  and  tho  small  intestine  aro  fixed  to  tho  aorta  and  vertebral 
column  by  its  special  mesentery,  which  allows  freedom  of  motion  (Fig*  604). 
The  mesentery  is  seen  to  be  formed  of  two  layers  of  peritoneum  which  surround 
an  intestine  completely,  excej^t  at  a  posterior  line  where  there  is  opportunity  for 
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vessels,  nerves,  and  lymphatics  to  enter  or  return.  Two  layers  of  peritoneal  con- 
nective tissue,  which  lodge  vesseli^*  nerves,  and  lyuiphatics,  constitute  a  inesentery. 
The  intestine  looks  as  though  it  had  pushed  its  way  into  the  sac  of  peritoneum  as 
a  finger  enters  a  glove.  Thjit  roni  pari  sou  is  incorrect,  for  intestine  and  perito- 
neum are  developed  simultaneonHly.  The  intestine  is  not  first  made  and  then 
pushed,  as  would  appear  (Fig.  605). 

The  intestine  and  the  two  layers  of  peritoneum  are  formed  together.  As  the 
intestine  recedes,  the  serous  membrane  comes  from  the  wall  to  it  in  a  duplicature* 
The  layer  coverin^^ij  the  intestine  is  called  vtHrentl :  that  reflected  upon  the 
parietes  or  wall  is  the  pani'fftl  iai/er^  and  tlie  passage  from  one  t<i  the  other  is  the 
menenten/. 

In  the  aduJt  the  small  intestine  is  unchanged,  but  the  meisentery  of  the  right 
and  left  colon  has  been  widely  separated  posteriorly,  and  it  and  some  of  the  pari- 
etal peritoneum  have  been  changed  to  connective  tissue,  so  each  colon  becomes 
fixed  and  partly  extraperitoneal,  like  the  duodenum  and  pancreas  (Fig.  603), 
The  kidneys  were  always  out^^ide,  being  developed  in  the  retroperitoneal  space, 

Stunmary. 

Separation  of  the  alimentary  tube  and  iti  mesentery  into  distinct  regions 
(Hurt  wig): 

1.  The  alimentary  canal  is  originally  a  strai|2:ht  tube  from  mouth  to  anus, 
near  the  middle  of  which  the  yolk-sac  is  attached  i>v  the  vitelline  duct  (Figs.  586 
and  587). 

2.  The  alimentary  tube  is  attached  throughout  its  whole  length  to  the  verte- 
bral column  by  a  narrow  dorsal  mesent€*ry ;  it  is  also  connected  with  the  anterior 
wall,  as  fsir  as  the  umbilicus,  by  means  of  a  ventral  mesentery* 

3.  At  some  distance  behind  (below)  the  viseeral  clefts,  the  stomach  arises  as 
a  spindle-shaped  enlargement ;  its  dorsal  mesentery  is  designated  as  mejsogas- 
trium, 

4.  The  portion  which  follows  the  stomach  grows  more  rapidly  in  length  than 
does  the  trunk,  and  therefore  forms  a  loop  with  an  nppen  descending,  narrower 
arm,  which  becomes  the  small  intestine,  and  a  lower  ascending  more  capacious 
arm  which  produces  the  large  intestine. 

5.  The  stomach  takes  on  the  form  of  a  sac  and  becomes  so  turned  that  its 
long  axis  coincides  with  the  transverse  axis  of  the  body  and  that  the  line  of  attach- 
ment of  the  mesogastrium,  or  its  greater  curvature,  which  at  first  was  dorsal, 
comes  to  lie  below  or  caudad, 

6.  The  intestinal  loop  undergoes  such  a  twisting  that  its  lower  ascending  arm 
(large  intestine)  is  laid  over  (ventrad  to)  the  upper  descending  arm  (small  intes- 
tine) from  right  to  left  and  crosses  it  near  its  origin  at  the  stomach. 

7.  The  twisting  of  the  intestinal  loop  explains  why  in  the  ailult  the  duodenum, 
as  it  merges  into  the  jejunum,  passes  under  the  transverse  colon  and  through  its 
mesocolon  (crossing  and  crossed  parts  of  the  intestine). 

8.  The  lower  arm  of  the  loop,  during  and  after  its  twisting  and  crossing  of  the 
upper  arm,  assumes  the  form  of  a  horseshoe,  and  permits  one  to  distinguish  the 
caecum,  the  colon  ascendens,  colon  trans versutn,  and  colon  descendens. 

ik  Within  the  space  bounded  by  the  horseshoe,  the  upper  arm  of  the  loop 
becomes  folded  to  form  the  convolutions  of  the  small  intestine. 

10.  The  raesentery,  which  is  at  6rst  common  to  the  whole  tube,  becomes 
diiferentiated  into  separate  regions  and  adapts  itself  to  the  different  folds  and 
elongations.  It  is  elongated  and  here  and  there  undergoes  fusion  with  the  peri- 
toneum of  the  body*cavity,  by  means  of  which  it  acquires  new  points  of  tittach- 
ment,  or  in  certain  tracts  wholly  disajipears;  some  portions  of  the  intestine  are 
thus  deprived  of  their  mesentery  (Fig.  014). 

11.  The  mesentery  of  the  duodenum,  and  in  part  that  of  the  colon  ascendens 
and  descendens,  fu&es  with  the  wall  of  the  body. 
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12.  The  mesentery  of  the  colon  tTaDSversum  acquires  a  new  line  of  attachment 
running  from  right  to  left,  and  becomes   differentiated  from  the   mesentery  as 

13.  The  mesogastrium  of  the  stomach  folhjws  the  torsions  of  the  latter,  and  is 
converted  into  the  greater  oioeutum,  which  grows  out  from  the  greater  curvature 
of  the  stomach  to  cover  all  the  viscera  lying  below. 

14.  Fusion  of  the  walls  of  the  omentum  occur  with  the  adjacent  serous  mem- 
branes: (1)  on  the  posterior  wall  of  the  body,  where  its  line  of  origin  from  the 
vertebral  column  is  displaced  to  the  left  side  of  the  body  (Fig.  614);  (:!)  with  the 
transverse  colon  and  mesocolon  (Fig.  603);  (3)  anterior  and  posterior  walls  come 
into  close  contact  and  fuse  into  an  omental  plate. 

Development  of  special  origans  out  of  the  walh  of  the  alimentary  tt^e : 

1.  From  the  intestinal  canal  proper  there  are  formed  only  two  glands,  devel- 
oped from  the  duodenum,  viz.  the  liver  and  pancreas, 

2.  The  liver  is  ilevcloped  as  a  branched  tubular  gland  which  becomes  a  net- 
work :  (a)  There  grow  out  from  the  duodenum  into  the  ventral  mesentery  or  pre- 
hepaticas  two  liver-tubes,  the  fund?iments  of  the  right  and  left  lobes  of  the  liver. 
{h)  The  tubes  form  hollow  or  solid  branches,  the  hepatic  cylinders,  which  become 
in  part  bile-ducts  and  in  part  parenchyma  of  the  liver,  (r)  The  common  bile-duct 
rises  as  an  e  vagi  nation  of  the  wall  of  the  duodenum  receiving  the  two  hepatic  tubes, 
and  at  one  phice  an  evagination  which  becomes  the  gall-bladder  and  cystic  duct. 

3.  From  the  ventral  mesentery  into  which  the  liver  grows  are  derived  the  sus- 
pensory ligament  of  the  liver  (falciform)  and  the  lesser  omentum, 

4.  The  pancreas  grows  from  the  duodenum  into  the  dorsal  mesentery  and  into 
the  mesogastrium. 

The  mesentery,  wliich  the  pancreas  originally  possesses,  disappears  and  fuses 
with  the  posterior  body-wall.  By  reason  of  the  twist  of  the  stomach,  the  long 
vertical  axis  of  the  pancreas  becomes  transverse. 

Adult  Peritoneum. 

During  life  and  before  dissection  of  the  dead  subject  the  abdominal  cavity  is 
air-tii/ht.  Atmospheric  pressure  and  muscular  tension  allow  no  space  to  be  vacant. 
The  peritoneum  {TTSfHTsivcCP,  to  extend  arouu<l)  is  the  shiny  seruus  membrane 
lining  the  abdominal  walla  and  posteriorly  either  lining  the  wall  or  covering  the 
viscera.  If  one  is  asked  to  touch  the  liver  or  stomach  it  is  the  peritoneum  cover* 
ing  those  organs  which  is  touched.  The  peritoneal  cavity  was  opened  when  the 
anterior  abdominal  wall  was  incised,  and  does  not  exist  tilt  artitieially  produced 
by  the  surgeon  or  flissector. 

In  the  male  it  is  a  elosrtl  sac  with  its  two  walls  approximated^  and  consequently 
perfectly  empty  except  for  a  small  amount  of  yellowish-green  lubricating  fluid, 
iifptor  peritotieL  Its  anterior  wall  has  already  been  opened  and  is  called  the 
parietal  peritoneum.  Its  posterior  wall  is  tucked  into  every  crevice  and  corner 
around  ami  between  the  viscera,  which  may  be  regarded  as  lying  behind  the  whole 
sac.  This  layer  is  largely  vtm'erai  auil  the  spaces  between  single  organs  are  only 
capillary.  In  the  female,  the  peritoneum  has  two  openings;  there  is  a  single 
region  on  either  side  where  mucous  me^mbrane  is  continued  into  serous  membrane, 
viz.  where  the  Fallopian  tube  opens  into  the  peritoneal  cavity. 

Other  serous  membranes  are  comparatively  small,  and,  like  the  pleura,  serous 
pericardium,  or  tunica  vaginalis,  surr^iriod  one  organ.  In  these  it  is  very  easy  to 
trace  the  layer  around  the  walls,  then  its  reflection  upon  the  viscus  and  off  again 
to  the  stiirting-poini-  In  the  jieritoneum,  or  really  behind  it,  we  have  many 
organs  involved,  nearly  all  of  which  have  experienced  changes  in  size  or  position 
during  tVetal  life,  so  that  the  task  is  sonjewhat  more  complex.  It  is  to  trace  the 
]ieritoneal  layers  from  one  organ  to  anotlier  or  from  an  organ  to  a  wall,  and  to 
show  that  the  layers  are  continuous,  making  a  closed  sac. 
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Wo  may  say  that  the  peritoneuin  has  two  surfaces,  L  p,  one  attached  to  the 
wall  or  vistnis  and  the  other  i^  free  and  shiny ;  there  are  two  layers,  piii'ietal  nod 
visceral,  and  two  saes,  since  the  large  one  has  a  posterior  subdivision  formed  when 
the  stomach  rotated  to  the  right  in  tlie  embryo. 

The  various  folds  and  bands  formed  by  the  peritoneum  in  [lassing  from  the 
different  viscera  or  walls  have  definite  names. 

An  Omentum  means  a  fold  of  peritoneum  which  connects  the  stomach  with 
other  viscera,  viz.  great  and  (^mfro-i-olie  oTnentHw^  Hma!!  or  ga^tro-hepatk,  and 
giUtro-sphnii\  These  are  situated  respectively  below,  above,  and  to  the  left  of 
the  stomach. 

A  Mesentery  is  a  fold  of  peritoneum  connecting  any  part  of  the  small  intestine 
to  the  posterior  wall.  It  is  used  also  in  a  wider  sense.  The  name  of  the  fold 
connecting  any  part  of  the  alimentary  canal  below  the  oesophagus  to  vertebral 
column  or  posterior  abdominal  wall  may  be  found  by  prefixing  the  Greek  adjective 
mesos  Qiiffo^)  or  Latin  medium  to  the  Greek  or  Latin  name  of  the  part  fixed,  as 
mfnoQastrium^  jneitoditodenum^  jJiesenteri/^  niemntiriolum  (lltth  mt'svnten/  for  ver- 
miform appendix).  There  is  no  mesocrecura  in  the  adult,  but  sometimes  an 
ascending  or  descending  mesocolon ;  always  a  transverse  mesocolon,  a  sigmoid 
mesocolon,  and  a  meso rectum. 

Ligament  is  a  term  applied  to  folds  connecting  viscera  not  belonging  to  the 
intestinal  canaU  to  the  abdominal  walls,  or  to  folds  which  bind  viscera  to  the 
dia^jhragm.  The  German  anatomists  apply  this  term  also  to  omenta.  There 
are  ligaments  of  the  bladder,  uterus,  and  liver,  and  others,  as  lieno-renal,  hepato- 
renal, and  gastro'phrenic. 

We  will  now  trace  the  peritoneum  in  a  vertical  direction  simply  to  show  its 
continuity  and  to  see  from  a  side  view  how  it  surrounds  viscera  or  forms  bridges 
from  one  organ  to  another  (Fig.  606), 

We  may  begin  anywhere,  perhaps  best  at  a  point  above  the  liver,  where  the 
parietal  layer  of  peritonetim  is  reflected  from  the  diaphragm  to  the  liver,  becoming 
visceral  layer. 

The  student  is  supposed  to  have  read  carefully  all  the  description  of  the 
peritoneal  development.  Now  he  follows  by  hand  the  parts  in  the  subject  and 
the  diagram  by  eye.  Lifting  up  the  diaphragm  the  hand  passes  over  the  glisten- 
ing superior  surface  of  the  liver  in  the  middle  line  till  it  is  stop[>t*d  posteriorly 
by  a  fold  ca!le<I  the  rutonarg  Ufjament.  The  peritoneum  covers  all  the  surface 
of  the  liver  to  its  anterior  acute  margin.  Next  lift  up  the  liver  from  the  stomach 
and  trace  the  layer  backwanl  on  the  under  surface  of  the  liver  to  the  transverse 
fissure  or  hihis,  and  the  hand  is  again  stop|»ed,  this  time  by  the  peritoneum 
descending  to  the  lesser  curvature  of  the  stomach,  making  one  layer  of  the  icHHt'r 
omentum  ;  or,  giving  the  names  of  tlie  viscera  connected,  iu'f^atfj-tf^istric  aNWHtutn, 
This  layer  now  covers  the  anterior  surface  of  the  stomach  and  reaches  the  greater 
curvature ;  here  it  falls  directly  downward  to  a  varying  extent,  usually  to  the 
pubic  region,  making  the  anterior  superficial  layer  of  the  gretH  omentum.  Just 
below  the  stomach  the  transverse  colon  may  be  seen  shining  through.  This 
layer  in  the  foetus  and  young  child  should  not  be  attached  to  it,  however.  Now  lift 
up  the  great  omentum  uver  the  stomach  and  this  layer  may  be  seen  to  be  reflectetl 
up  to  the  under  surface  of  the  transverse  colon,  making  the  posterior  superficial 
layer  of  the  great  omentum.  Fig.  ii02  shows  that  the  great  omentum  has  not 
always  been  pr^^nt ;  this  layer  we  are  now  tracing  used  to  pass  abovi'  the  trans- 
verse colon  and  go  to  the  pancreas  and  then  return,  making  two  layers.  Fig.  603 
shows  how  these  two  layers  united  into  one;  and  Fig.  (UHy  sh(>ws  how  one  has 
disappeared  as  such,  and  how  this  layer  passes  beneath  the  transverse  colon  and 
on  to  the  vertebral  column  and  anterior  margin  of  the  pancreas,  making  the 
lower  layer  of  the  trtrnsveirae  mesocolon. 

This  layer  is  closely  connected  with  the  vertebral  column,  aorta,  and  vena  cava 
inferior,  and  on  leaving  the  pancreas  meets  the  superior  mesenteric  vessels  and 
surrounds  them.     It  covers  only  anteriorly  the  pre-aortic  portion  of  the  duode- 


Fin>  fl06.— IHiffram  to  ilhistmt«the  ivflei^tlcms  and  continuity  of  the  perttoneum  In  a  vertical  dlreetioa  in 
ttie  fbmale  bodf*    Sectioti  is  u  llttk*  t^i  tbu  rLgbt  of  a  median  plane.    {After  AlltLO  Thonuaa.) 

Next,  this  layer  descenda  into  the  pelvis  and  forms  a  mesentery  for  the  intes- 
tine, there  surrounding  it  as  low  down  as  the  middle  of  the  third  sacral  vertebra. 
If  amttomists  agree  to  call  that  inteistinc  the  upper  part  of  the  rectum,  the  fold  ia 
viesorevtum,  hut  if  the  intestine  be  called  the  lower  part  of  the  sigmoid  tlexure,  the 
fold  is  8i(fmoid  mcmeolon,  and  there  is  no  mesorectura.  Just  at  the  third  sacral 
vertebra  the  peritoneum  leaves  the  posterior  surface  of  the  intestine,  then  the 
sides,  and  then  the  front,  and  is  reflected  in  the  female  next  iipoo  the  upper  fifth 
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or  fourth  of  tlie  posterior  wall  of  the  vagina  anil  then  upon  the  uterus,  covering 
its  posterior  wall,  its  fimdus,  it?  anterior  surface,  hut  it  does  not  pass  on  to 
the  vagina  in  front.  About  the  level  of  the  internal  os  it  passes  over  the  summit 
of  the  bladder  as  far  as  the  uraehiis.  The  Jeep  pouch  behind  the  uterus  and 
vagina  is  called  the  rccttf-vaginal  poueJu  or  cul-de-ttac  of  J)oiu/la8,  or  recto-uterine 
pouch.  The  more  shallow  anterior  pouch  is  the  vesico-utrrine.  In  the  male  the 
peritoneum  passes  from  the  rectum  directly  upon  the  posterior  wall  and  summit 
of  the  bladder  to  the  uraehus,  forminji  behind  the  rerto-vt'sif^al  pouch.  In  eithel* 
sex  the  peritoneum  passes  directly  from  the  bladder  to  the  anterior  abdominal  wall 
and  does  not  cover  the  bladder  anteriorly.  The  surt^eon  makes  use  of  this  fact  in 
operating  upon  the  bladder  through  this  space  below  the  peritoneum  and  above 
the  symphysis  pubis.  It  is  called  the  pre-nmeal  space  r>f  Ret 2ms.  and  is  mueh 
increased  in  size  by  distending  the  bladder.  By  putting  420  c.c,  of  iluid  into 
a  rubber  bag  in  the  rectum  and  500  c.c.  into  the  bladder,  the  rectum  will  so 
push  op  the  bladder  and  the  bladder  will  so  push  up  the  peritoneum  that  a  space  of 
8,6  cm.  will  exist  between  the  lowest  fold  of  peritoneum  and  the  symphysis  pubis. 

This  parietal  layer  is  then  simply  traced,  lining  the  anterior  abdominal  wall 
around  to  our  starting-point  between  the  liver  and  diaphragm.  We  see  then  that 
this  is  a  closed  sac  and  the  parietal  layer  is  continuous  with  the  visceral.  This  is 
the  cavity  of  the  greater  peritoneal  sac. 

We  have  not  yet  brought  the  peritoneum  into  contact  with  the  Spigelian  lobe 
of  the  liver  or  the  posterior  surface  of  the  stomach  or  internal  surface  of  the 
spleen.  Behind  the  upper  part  of  the  large  cavity  and  running  into  its  lower 
part  is  another  artificial  cavity  which  we  have  not  traced,  viz.  the  cavihf  of  the 
lesser  mc^  or  the  buna  omentalis.  We  have  seen  that  these  two  sacs  are  con- 
tinuous with  each  other  through  the  foramen  of  Winslow.  That  is  best  shown  in 
a  cross  section,  but  is  indicated  in  the  diagram. 

The  boundaries  of  the  lesser  sac  cannot  be  well  seen  at  this  stage,  and  for  the 

S resent  must  be  mostly  studied  by  diagram  tilt  the  anterior  parts  are  dissected. 
Remember  the  diagram  is  only  true  for  the  njedian  line  or  near  it,  and  no  where  J 
else  but  in  the  region  of  the  Spigelian  lobe  of  the  liver  does  the  lesser  sac  reach 
up  behind  it  as  here  represented.  Imagine  the  hand  introduced  through  the 
foramen  of  W^inslow  from  right  to  left  into  the  lesser  sac ;  push  the  finger  up 
behind  the  liver  and  in  front  of  the  diaphragm  till  stopped  by  the  fornix  made  by 
the  transition  of  parietal  to  visceral  layer.  This  layer  invests  the  Spigelian  lobe 
only  behind  and  inferiorly  till  the  transverse  fissure  is  reached ;  it  then  descends, 
as  did  the  layer  of  greater  sac  in  front  of  it,  to  the  lesser  curvature  of  the  stomach 
forming  the  posterior  layer  of  the  lesser  omentum.  Next  it  descends  behind  tlie 
stomach  and  in  front  of  the  transverse  colon  into  the  great  omentum,  passing 
nearly  to  the  free  border  of  that  apron.  It  now  turns  and  ascends  and  covers 
the  upper  surface  of  the  transverse  colon  and  goes  back  to  the  vertebral  column, 
forming  the  superior  layer  of  the  trayisverse  memeolon.  It  now  covers  the  ante- 
rior surface  of  the  pancreas,  next  the  vertebral  column  and  crura  of  diajihragm 
and  great  vessels  to  the  reflection  on  to  the  liver. 

It  is  advised  that  tho  above  tracings  for  both  sacs  be  followed  in  Fig.  607, 
which  represents  the  organs  in  greater  detail.  This  diagram  shows  two  sections 
of  the  duodenum,  one  in  its  first  and  one  in  its  second  portion.  A  median  sec- 
tion would  show  its  third  portion  about  at  the  root  of  the  mesentery  (Fig,  606). 

We  have  traced  the  layers  singly,  and  some  new  featnres  may  be  presented 
if  we  take  two  layers  together,  beginning  al>ove  at  the  liver. 

Anteriorly,  a  layer  passes  back  under  the  diaphragm  and  from  behind  another 
approaches  it;  one  is  from  the  greater  sac  and  the  other  from  tlie  lesser  (if  sec- 
tion be  near  median  line).  They  both  turn  down  upon  the  liver,  making  these 
the  anterior  and  posterior  layers  of  the  coronnrff  lt)jament,  including  between 
them  a  small  surface  of  liver  directly  connected  to  the  diaphragm  and  uncovered 
by  peritoneum.  These  two  layers  then  surround  the  liver,  forming  its  serous 
coat,  and  meet  again  at  the  transverse  fissure.     The  two  now  descend  to  the 
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lesser  eiirvaturo  of  the  stomach,  forinirig  the  lesser  omentum  or  hepato*gastric 
omentum,  the  riglit  free  margin  of  Avhich»  also  made  of  two  layers,  is  called  the 
Uif.  hepittn-dnmiiiuile^  because  it  passes  between  liver  and  duodenum.  Between 
the  two  layers  of  this  ligament  to  the  right  are  the  common  bile-dtict,  the  hepatic 
artery,  and  portal  vein,  all  surrounded  by  connective  tissue,  the  capsule  of 
Crikmn,  These  layers  next  invest  the  stomach,  meeting  at  its  greater  curvature, 
Thev  next  pass  down  in  front  of  the  transverse  colon  and  small  intestines  and 
form   the  anterior  lamella  of  the  great  omentum  ;   they  turn   on   themselves  and 
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Fig.  607.— Sagittal  ieclion  of  abtiominal  ravity  after  Fambonf    The  cut  runs  a  little  to  the  rtght  of  the 
iBcdiau  liuc.    A  probti  ptiBiiea  thruugli  the  forumen  uf  Wiuslow  to  tlie  le&Her  sac, 

reach  the  transverse  colon,  forming  the  posterior  lamella  of  the  great  omentum, 
and  next  surround  the  transverse  colon.  Then  they  pass  to  the  vertebral  column, 
forming  ihe  transverse  mesocolon  with  its  upper  and  lower  layers,  and  covering 
the  anterior  and  inferior  surfaces  of  the  pancreas  by  their  bifurcation,  one  layur 
passing  up  wart  I  and  the  other  downward.  These  layers  now  diverge  to  complete 
tht'ir  respective  sacs,  which  have  been  traced,  and  meet  again  as  the  coronary 
ligaments  of  the  liver  at  the  starting-point. 
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So  far  we  have  seen  the  reflections  and  pouches  in  a  longitudinal  section  in  or 
near  the  median  line. 

It  is  the  arrangement  as  found  in  the  infant  up  to  the  age  of  two  years;  after 
that  age  tlie  great  onientdiu  does  not  usually  show  a  cavity. 

We  should  next  trace  the  peritoneum  transversely  in  cross  sections.  This  is 
simplest  low  down  in  the  abdomen,  where  only  the  greater  sac  is  involved.  Let 
the  section  he  made  through  tfie  1  urn  bur  region  somewhat  above  the  level  of  the 
umbilicus   (Fig*   608),      Beginning   at   the   linea   alba,  trace   the   parietal  layer 
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Flo.  608. — PerUooeiU  reneciIoiiB  Iq  a  transverse  lecilon  of  lumbar  rejjloii  biL«liow  triuiHverse  coloti.    Seen 
f^om  &bovcv    Schematic.    (From  TilUux.) 

around  to  the  right  until  it  nearly  reaches  the  outer  border  of  the  Quadratus 
lumborum  Tuuscle,  It  then  passes  up  over  purt  of  the  anterior  surface  of  the 
right  kidney  and  meets  the  ascending  cobvn.  It  partly  surrounds  it,  forming 
sometimes  a  proper  mesocolon,  but  usually  leaving  one-third  of  the  posterior  sur- 
face exposed.     At  birth  only  the  anterior  and  external  surfaces  are  covered. 

This  layer  then  passes  from  the  right  kidney  over  the  Psoas  muscle,  over  the 
vena  cava,  and,  meeting  the  superior  mesenteric  vessels  from  the  side,  is  led  by 
them  to  surround  the  siiiull  intestine,  enclosing  blood-vessels,  lacteal s,  lymphatics, 
and  nerves  in  the  mesentery  proper.  It  next  passes  over  the  vertebral  column  and 
aorta,  anterior  to  the  left  Psoas  muscle  and  left  kidney,  and  covers  the  anterior 
surface  and  sides  of  the  descending  colon,  forming  sometimes  &  true  descending 
mesocolon.  It  next  is  reflected  upon  the  an tero -lateral  abdominal  wall  and  is 
continuous  with   itself  at  the  linea  alba. 

Notice  that  the  lower  end  of  each  kidney  may  be  best  felt  by  palpating  to  the 
right  of  each  colon. 

By  taking  a  cross  section  higher  up,  just  above  the  transverse  colon,  both 
cavities  are  involved,  making  the  tracing  more  complex,  but  the  continuity  of  one 
with  the  other  is  well  seen.  The  spleen  is  met  in  this  section,  and  all  parts  of 
the  colon  are  below  (Fig.  609),  Begin  again  in  front  at  the  linea  alba  and  trace 
to  the  right ;  soon  the  layer  makes  a  fold  open  to  the  front  and  encloses  the 
obliterated  umbilical  vein,  now  called  the  round  ligament  of  the  liver.  The  fold 
is  a  part  of  the  feet  a!  anterior  mesentery,  now  cAWcd  falciform  or  ^u^penmrt/  liga- 
ment of  the  liver.  The  layer  is  a  parietal  one,  passes  to  the  posterior  abdominal 
wall  and  covers  the  anterior  surface  of  the  right  kidney  and  tbt^n  passes  in  front 


Fio.  610,— UurleoQtal  i!«etioti  ibruugh  Ihe  aMonien  at  the  level  of  the  foriLmea  uf  Wluilow.   (Modified  flrom 
eodlcc) 

It  passes  over  the  vertebml  eolmMiu  the  enira  of  the  diujihragiB  and  great 
vessels,  iu  front  of  the  left  kidney  to  the  hilus  of  the  spleen,  forming  with  the 
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greater  sac,  behiml,  a  iloiible  fold,  the  Ueno-renal  ligament  {Ikn^  lieniB^  sploeTi)  in 
which  ruo  the  splenic  and  pancreatic  vessels.  Anteriorly  it  forms  with  the 
greater  sac  another  double  fold,  the  h'rtio-gaJttrk  Uijament  or  tjiutro-splenk  omrn- 
tuniy  in  which  pass  the  vai»a  brevia  to  the  fundus  of  the  stomach.  This  layer 
then  covers  the  posterior  surface  of  the  stomach  and  makes  the  posterior  layer  of 
the  lesser  omentum,  surrounding  the  tliree  vessels  and  furming  the  anterior 
boundary  of  the  foramen  of  Winslow.  Now  it  forms  a  jiart  of  the  greater  sac 
and  makes  the  anterior  layer  of  the  lesser  omentum,  covers  the  stomach  ante- 
riorly, dips  down  between  it  and  the  spleen  to  the  anterior  lip  of  the  hilus  to 
meet  the  lesser  sac,  and  so  forms  the  fjastro-splcnic  omentum.  It  then  covers  the 
whole  phrenic  surface  of  the  spleen,  approaching  the  hilus  from  all  sides,  and 
meeting  the  lesser  sac  again  from  behind.  Completing  the  lieno-renal  ligament, 
it  turns  back  on  the  left  kidney  to  the  abdominal  wall  and  courses  as  parietal 
peritoneum  to  the  middle  line  again. 

If  we  trace  a  section  through  the  level  of  the  foramen  of  Winslow,  the  pan- 
creas and  liver  are  introduced  (Fig,  01(f>). 

Here  again  the  peritoneum  is  traced  from  the  mid-line  anteriorly  where  it 
invests  the  round  ligament  of  the  liver,  then  it  covers  the  right  abdominal  wull 
and  posteriorly  touches  the  diaphragm,  passes  anterior  to  the  right  kidney  and 
crosses  the  inferior  vena  cava,  where  it  makes  the  posterior  boundary  of  the 
foramen  of  Winslow.  It  then  extends  to  the  left  as  the  po?^terior  wall  of  the 
lesser  sac,  in  front  of  the  aorta,  splenic  vessels,  pancreas  and  left  kidney  to  the 
hilus  of  the  spleen.  Now  the  pancreas  is  interposed  between  this  layer  and 
the  left  kidney,  and  the  splenic  vessels  pass  behind  or  just  above  the  pancreas  in 
the  lieno-renal  ligament  as  before.  The  lesser  sac  makes  a  small  blind  pouch 
near  the  hilus  of  the  spleen,  and  its  peritoneum  covers  the  posterior  wall  of  the 
stomachy  makes  the  posterior  layer  of  the  lesser  omentum,  bounds  the  foramen 
of  Winslow  anteriorly,  and  is  then  traced  as  in  the  last  figure. 

The  peritoneum  simply  surrounds  this  section  of  the  liver,  not  showing  any 
coronary  ligament.  The  peritoneal  relations  between  stomach,  kidney,  pancreas, 
and  spleen  are  shown  in  more  detail  in  Fig.  Q\\. 


^^^  Renal  mtrface 

Pouch  qf  gftQtcr  ratf 


LAauHremd  Upameni 
Phrmtc  mrfaee 
GaMro-iiptciiic  omentum 
Fmich  f^  greyer  aac 


OoHrkturJace 


Tta.  6tL— RorisontAl  ei^cClon  ttiroti^b  tho  Atomncb,  puntreaa,  spleen^  and  the  left  kidney  to  show  petitoneaJ 
reflection*  lU  hUija  of  spleen,    Scliematlo.    {ii.  S.  H.) 

Here  we  see  three  pouches  of  peritoneum  centering  at  the  hilus  of  the  spleen- 
Ant  erioHy  and  posteriorly  are  two  from  the  greater  sac  and  in  the  centre  is  thej 
left  blind  extremity  of  the   lesser   sac*     Should  the  structures  at  the  hilus  bo( 
grasped^  the  hand  would  enclose  anteriorly  a  layer  of  the  greater  sac.  then  two 
of  the  lesser  sac,  then  one  of  the  greater,  or  four  in  all,  and  a  section  through 
them  would  show  their  cut  edges  standing  out  as  two  concentric  rings  (Fig,  612), 
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The  layer  of  peritoneura  covering  the  pancreas  and  attached  to  the  spleen  maj 
be  called  the  lirno-pmiereatic  ligament ;  it  is  really  the  anterior  layer  of  the  lieno- 
renai  ligament 


Pinterior  border-- 


!>^  aurface 
Anterior  tMrder 


Fio.  612,-  Inner  iurihco  of  spicy n,  ^howl ng  "  jwrttoneal  lines  "  at  hiluB,    (From  model  of  HU.) 

We  are  now  prepared  to  follow  a  whole  layer  of  jieritoneum  instead  of  tracing 

it  in  certain  lines. 

Parietal  Peritoneum. 

The  ivall-implanted  peritoneum  follows  essentially  the  wall  of  the  abdomen 
and  that  of  the  ]>elvis,  being  bound  lirmly  to  the  latter  and  quite  loosely  to  the 
former.  In  most  places  it  possesses  a  greater  thickness  than  the  visceral  layer 
[and  a  marked  resistance.  A  separate  piece  will  resist  a  pull  of  about  fifty 
pounds.  In  the  greater  part  of  its  extent  it  is  intimately  connected  with  the 
en  do-abdominal  fascia  (transversal  is  aiid  iliac  fascia)  which  covers  it  as  does  the 
endo-thoracic  fascia  cover  the  pleura;  or  as  the  fibrous  pericardium  covers  the 
serous  pericardium. 


Anterior  WaU  of  the  Peritoneal  Bae. 

From  the  umbilicus  down  along  the  inner  surface  of  the  anterior  abdominal 
wall  the  parietal  layer  descends  to  the  top  of  the  bladder  and  I*oiipart;"s  ligaments, 
and  extends  from  here  into  the  pelvis.  In  its  course  it  is  thin  on  the  linca  alba 
and  umbilicus,  and  is  fused  with  the  parts  beneath.  On  both  sideB  of  the  linea 
alba,  especially  below  in  the  pubic  region,  and  close  above  Poupart^a  ligaments, 
the  peritoneum  is  thicker  and  does  not  lie  so  close  to  the  abdominal  wall,  as  a 
well-developed  properitoneal  fatty  layer  comes  between  and  separates  them. 
Higher  up  along  the  linea  alha  the  peritoneum  is  rather  loosely  attached  and 
very  often  covers  numerous,  knobby,  overlapped  processes  of  fat  which  project 
inward,  plu'w  adipo»*ie. 

Lower  down  the  processes  of  tlie  fatty  layer  project  in  the  opposite  direction 
toward  the  linea  alba,  and  may  push  out  through  aponeurotic  holes  and  make  a 
fat  hernia  of  variable  si^e. 

Above  the  umbilicns  the  peritoneum  forms  itself  into  a  sheath  which  contains 
the  beginning  of  the  round  ligament  of  the  liver,  h  forms  a  pocket  open  from 
above  which  is  in  a  position  to  receive  a  loop  of  intestine  and  to  share  in  the  for- 
mation of  an  umbilical  hernia. 
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Below  the  umbilicus  we  have  already  noted  the  five  longitiidiiial  folds  and  the 
inguinal  fossfe  (p.  963). 

The  parietal  layer  passes  from  the  anterior  wall  to  the  under  surface  of  the 
diaphragm  and  clothes  it  up  to  the  central  tendon  where  the  a?sopha^u8  and  vena 
cava  inferior  pass  through.  From  here  it  spreads  out  on  one  side  to  the  liver,  on 
the  other  to  the  stomach  and  s^pleen,  and  so  changes  into  the  visceral  layer. 

The  parietal  peritoneum  of  the  posterior  ahdomina!  wall  rests  on  small  and 
limited  spaces  and  passes  over  such  structures  as  the  kidneys,  transverse  duo- 
denum, right  and  left  colons,  great  vessel  trunks,  many  lymph*glands  and  vessels 
and  nerve-plexuses- 

By  means  of  a  loose  fatty  connective  tissue  called  retroperitoneal  cellular  tismjte 
these  structures  fasten  themselves  together  and  themselves  to  the  peritoneum. 
On  this  posterior  wall  to  the  left  of  the  duodenum  there  may  he  as  many  as  three 
iniblJings  or  retroperitoneal  pouches  which  will  he  descrihed  later. 

Upper  Wall  of  the  Feritoneal  Sac. 

The  lower  surface  of  the  diaphragm  representing  the  roof  of  the  abdomen  is 
not  covered  wholly  by  peritoneum.  Behind  the  central  tendon  it  is  partly  free 
where  the  surface  of  the  liver  rests  npon  it  and  where  the  suprarenal  capsules  and 
kidneys  come  in  contact  with  it.  The  greater  part  of  the  diaphragmatic  covering 
is  directly  continuous  with  the  anterior  and  lateral  parietal  layers,  and  is  distin- 
guished by  its  extreme  delicacy  and  firm  connection  with  the  endo-abdominal 
fascia.  In  the  cleft-like  holes  left  between  the  costal  and  sternal  parts  of  the 
diaphragm  and  between  the  costal  and  vertebral  parts,  peritoneum  and  pleura 
meet;  these  are  called  '"weak  places/'  and  here  a  diaphragmatic  hernia  can  be 
acfiuired. 

A  small  surfsice  of  the  diaphragm  situated  behind  the  lobus  Spigelii  gets  a 
covering  from  the  upper  end  of  the  posterior  wall  of  the  lesser  sac  which  does  not 
enter  into  continuity  with  the  serous  covering  of  either  side,  but  on  the  left  it  turns 
into  the  mesial  layer  of  the  gastro-splenic  omentum  and  on  the  right  into  the 
mesial  layer  of  the  hepati co-renal  ligament. 

Inferior  Wall  of  the  Peritoneal  Sac, 

This  belongs  in  part  to  the  false  pelvis  and  in  part  to  the  true  pelvis.  In  the 
former  it  is  connected  with  the  fascia  iliaca.  In  the  iliac  fossa  the  peritoneum  ex- 
tends itself  uuderneath  and  behind  the  cjecum  so  tliat  that  structure  hangs  free  in 
the  peritoneal  cavity.  There  is  usually  no  mesocaHnmi  in  the  adult.  Near  the 
cax^um  there  ^ve  perivfTcal  fogsw^  for  later  description,  (In  the  left  side  the  peri- 
toneuni  passes  from  within  and  without  over  the  iliacus  muscle  and  fa^-ia  to  the 
formation  of  a  very  movable  fold  which  surrounds  the  sigmoid  Hexure,  the  me^o- 
ftifjmmdefi  or  su/moid  meHoeohn,  Where  this  attaches  to  the  intestine,  opjiosite 
the  brim  of  the  true  pelvis,  the  peritoneum  raises  itself  into  a  fold  which  has  been 
called  Ug,  meitenterko-fnesoroNeunt  (W,  G ruber),  which  on  one  side  runs  into  the 
mesentery  j>roper  and  on  the  other  into  the  mesocolon  of  this  ilexure.  It  set^ms 
to  have  the  purpose  of  limiting  the  deep  descent  of  the  rectal  limb  of  the  sigmoid 
flexure. 

In  the  left  leaf  of  the  me$oBigmoidea  is  usually  to  be  found  the  fossa  suhng- 
mo  it  te  a  o  r  iit  te  rsig  m  o  ide  a . 

In  the  hollow  of  the  true  pelvis  the  peritoneum  clothes  that  region  of  the  lateral 
wall  which  in  man  extends  between  rectum  and  bladder,  in  woman  between  rec- 
tum and  vagina,  also  between  rectum  and  uterus.  In  the  iirst  it  forms  a  pouch 
open  above,  ixtfavaiio  reetO'Vesiealis  or  reHo-vemcal  pouch.  The  mouth  of  the 
pouch  is  bounded  by  a  crescentic  fold  of  peritoneum  on  each  side,  the  plica  semi- 
lunaris. The  left  one  is  usually  the  larger.  They  form  the  posterior  false  liga- 
ments of  the  bladder.  The  depth  of  this  pouch  extends  to  within  one  inch  of  the 
prostate  or  within  about  8  cm.  of  the  anal  orifice. 
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In  tbo  ft^uifik'  we  have  seen  that  two  pouches  exist  at  the  lower  end  of  the 
peritoneal  sac;  a  shallow  one  hetweon  Idarhler  siiid  iiteni**,  tweavatio  v**sico-utcrhiii  : 
a  pcsterior  deep  one  between  rertum  bchiod  and  utenii*  rrnd  cervix  and  upper  end  of 
vagina  in  front.  The  deepest  part  is  bonnded  on  each  side  by  a  sharp  seinihuiar 
fold  as  in  the  male,  which  folds  are  called  naero-utcrme  ligamtntH^  or,  according  to 
some,  ret'to-utenne.  They  pass  from  the  upper  part  of  the  cervix  in  front  and 
extend  backward  to  the  sitles  of  the  rectum  toward  the  sacruni.  This  pouch  hiis 
anteriorly  the  supravaginal  cervix  uteri  and  tbe  upper  fifth  of  the  posterior  wall 
of  the  vafxina,  and  posteriorly  the  recti iin  and  sacrum  ;  it  is  the  recto- vaginal  pouch 
or  the  projier  citf-di'-mi'  of  Doughi».  The  space  above  this*  between  rectum  an*! 
uterus,  is  eillled  the  rerfo-uterine  pouch. 

On  either  side  of  the  uterus  the  peritoneum  forms  a  broad  double  layer  pass- 
ing to  the  aide  of  the  pelvis.  It  is  called  the  broad  Hqanh^jif,  and  each  contains 
three  important  structures,  anteriorly  the  round  ligament  of  the  uterus,  in  the 
middle  and   highest  up  the  Fallopian  tube,   and  posteriorly  the  ovary. 

In  a  distended  condition  of  the  pelvic  organs  the  pouches  are  filled  by  tliem, 
otherwise  coils  of  small  intestines  and  usually  a  part  of  the  sigmoid  t!exure  fall 
into  the  pelvic  cavity. 

The  Visceral  PeritoEeum* 

By  this  term  one  understands  in  general  the  prolongations  of  the  peritoneum' 
into' its  own  cavity,  usually  from  behind,  covering  or  nearly  surrounding  a  viscus. 
It  is  also  applied  to  prolongations  from  parietal  layers  and  those  which  pass  bridge-] 
like  from  one  organ  to  another. 

In  the  middle  line,  the  peritoneum  accompanies  in  its  course  from  the 
umbilicus  to  the  diaphragm  the  extraperitoneal  obliterated  umbilical  vein,  forms 
a  fold  around  it  which  on  one  hand  follows  the  vein  {lig.  teres)  to  the  under  sur- 
face of  the  liver,  and  on  the  other  continues  itself  to  the  upper  surface  of  the 
liver,  and  from  there  passes  to  the  diaphragm  as  the  lig.  md^pensorium  hepatis. 
It  covers  the  concave  surface  of  the  diaphragm  as  far  as  the  spot  where  the  liver 
comes  into  direct  contact  with  it  and  then  passes  npon  the  liver  in  a  frontal  direc- 
tion as  the  anterior  {or  upper)  layer  of  the  lig,  voronnrium  hepatl$  (coronary  and 
lateral  ligaments),  ije  left  leaf  of  the  suspensory  ligament  passes  out  over  the 
upper  surface  of  the  left  lobe  of  the  liver,  meeting  above  the  left  part  of  the  coro- 
nary ligament^  and  the  right  leaf  passes  over  the  ujiper  surface  of  the  right  lobe 
in  the  same  manner.  After  clothing  the  convex  surface  of  the  liver  it  advances 
over  the  anterior  acute  margin  and  then  covers  the  quadrate  lobe  to  the  portal 
fissure,  the  gall-bladder  except  where  adherent  to  the  liver,  and  umler  surfaces 
of  the  right  and  left  lobes,  to  turn  finally  back  to  the  diaphragm,  forming  the 
lower  layer  of  the  coronary  and  lateral  ligaments.  There  is  but  one  place,  the 
portal  fissure,  where  this  layer  docs  not  t*wr  liaek.  Here  by  the  out-  and  ingoing 
vessels  it  is  obliged  to  descend  to  the  stomach* 

Farther  to  the  left  the  peritoneum  goes  from  the  diaphragm  to  the  stomach 
(cardia)  as  the  %.  phrpnico-gtfittncum  covering  the  anterior  and  left  surfaces 
of  the  cesophagus ;  it  descends  from  the  diaphragm  to  the  spleen  as  the  lig. 
phreiiieo-lk'ttah'  or  suspensory  ligament;  and  to  the  splenic  flexure  of  the  colon 
as  the  liq.  phri'tut'o-eolit^utu. 

From  tlie  fundus  of  the  stomach,  the  peritoneum  passes  in  a  duplicature  to  the 
spleen  as  the  Hg*  ga^fro-hfnaJe  (gastro-splenic  omentum),  which  covers  tlie  gastric 
surface  of  the  spleen  and  is  continued  over  its  phrenic  and  renal  surfaces  as  we 
have  seen. 

This  omentum  descends  over  the  splenic  fiexurc  of  the  colon  and  there  may 
be  called  omentum  volicum;  thence  it  is  connected  with  the  posterior  abdomiual 
wall  and  descending  colon. 

The  peritoneum  leaves  about  one-tliird  of  tlie  posterior  surface  of  the  lefk 
colon  uncovered,  forming  no  mesocolon  usually ;  below,  it  surrounds  the  sigmoid 
flexure,  forming  a  long  mesentery,  which  follows  it  into  the  pelvis. 
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Turning  to  the  ri^ht  side  and  above,  we  have  seen  the  right  part  of 
the  coronary  and  lateral  ligament  descending  in  two  layers  from  the  dia- 
phragm. 

Below  the  liver,  the  peritoneum  pa.sses  to  the  stomach  and  duodenum  as  the 
%.  hcpatn-ijagirieiim  and  }ig,  hepato-dHodenali',  both  of  which  make  the  lesser 
omentum  of  two  layers.  A  part  nf  the  right  edge  of  this  omentum  passes  to  the 
hepatic  Hexure  of  the  colon,  called  //^.  hepato-eoliciim.  The  peritoneum  from  the 
neck  of  the  gall-bladder  to  the  duodenuni  h  the  liff,  et/^tico-duodemile.  Behind 
the  foramen  of  Winslow  and  beneath  the  neck  of  the  gall-ldadder  another  thin 
layer  passes  to  the  right  kidney,  %.  hepalo-rrnah'  (Fig.  61o).     Farther  down  the 
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Fig,  613.— Meseni«i7.    Smfin  Intestines  pushed  to  the  right  aud  above.    (Tillanx.) 


peritoneum  from  the  posterior  abdominal  wall,  continuous  Avith  the  hcpato-colic 
ligament,  covers  about  two-thirds  of  the  ascending  colon  as  on  the  left  side, 
making  no  mesocolon,  and  covers  the  whole  of  the  c^cunu  making  no  meso- 
ccecum,  because  the  layers  have  fused  into  a  close-fitting  pocket  with  no  attach- 
ments except  a!)ove.  This,  as  the  mesentery  proper,  forms  a  little  mesentery 
for  the  appendix  (mesenteriolnm)  and  descends  into  the  pelvis* 

Mesentery. — When  the  peritoneum  on  the  vertebral  column  reaches  the  ante- 
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rior  surface  of  tLe  euperior  mesenteric  vessels,  it  follows  thara  down  to  the  Iq  

of  small  intestine  snrroumling  all  the  jejunum  and  ileum,  but  not  the  duodenurST" 
it  returns  to  the  spiusil  eulumn.  eonstitiitiu^  the  itntHeittenf,  It  lia,s  a  rigbt  upper 
and  n,  left  lower  layer,  between  whieh  are  the  mesenteric  iirteries  and  veins, 
lacteal »,  lymphatics,  and  nerves,  all  fused  together  by  fatty  connective  tissue. 
The  point  of  origin  of  the  two  layers  is  called  *'  root  of  the  mesentery  **  (Radix 
mcsenterii)  (Fig;  018), 

It  runs  obliquely  from  the  left  side  of  the  body  of  the  second  lumbar  vertebr 
across  the  vertebral  column,  aorta,  vena  cava  inferior,  and  third  part  of  the  duo-' 
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FT0.6H.-T>iiijmiro  dcTiscd  by  Pf.  Dck^plne  to  ahuw  tlie  Uues  along  which  the  peritoneom  lejive«  the  waJl 
of  the  atKlum«ii  lo  invefiC  the  visct'ni. 


denum  to  the  rigbt  sacro-iliac  articulation  or  to  the  right  iliac  fossa  (Fig.  614), 
It  is  three*cornered  or  fan-shaj)e<l,  with  its  root  six  inches  long  and  its  convex 
intestinal  edge  about  twenty -one  feet  long;  its  average  width  is  eigbt  or  nine 
inches.  It  is  widest — L  e.  gives  greatest  freedom  to  the  intestine,  20  to  25  cm. 
above  the  ca?cum,  and  then  suddenly  shortens.  Tlie  middle  and  lower  loops  of 
intestine  bave  the  longest  mesentei'v*  and  are  more  movable  and  more  liable  to 
hernia.     They  usually  lie  in  the  pelvis.     From  it:*  oblii^uity,  fluid  exudate  of  any 


THE   PERITONEUM.  991 

kind  on  the  right  side  would  press  upon  tlie  ri^lit  inguinal  region ;  if  upon  the 
left  side,  wouhi  have  an  inclination  to  gnivitate  to  the  true  pelvic  cavity.  At 
the  root,  the  right  layer  is  continued  into  the  lower  layer  of  the  transverse  meso- 
colon ;  on  both  sides  tlie  layers  continue  themselves,  one  into  the  inner  lamella 
of  the  left  colon  and  the  other  into  that  one  of  the  right  colon.  The  left  layer 
continues  downward  into  the  peritoneum,  covering  the  lumbar  vertebrae,  which 
passes  over  the  promontory  to  the  pelvic  organs. 

The  Omenta  amd  Bursa  Omeotalis. 

The  great  omentum  we  have  seen  consists  of  four  layers  formed  by  an  anterior 
descending  lamella  of  two  and  a  posterior  ascending  lamella  of  two.  It  was 
derived  from  the  mesogastrium  (Fig.  599),  Its  two  middle  layers  (Fig.  606)  con- 
stitute the  walls  of  the  lesser  sac  and  come  from  the  right  leaf  of  the  mesogastrium  j 
its  two  superficial  layers  belong  to  the  greater  peritoneal  cavity  and  come  from  the 
left  leaf  of  the  mesogastrium. 

Only  in  fietal  life  could  the  first  and  second  or  third  and  fourth  layers  be 
separated  and  only  up  to  about  the  age  of  two  years  does  the  cavity  exist  between 
the  second  and  third  layers.  Before  that  age  and  sometimes  in  adults  the  cavity 
of  the  great  omentum  can  be  distended  by  air  introduced  through  the  foramen  of 
Winslow  or  a  finger  could  be  inserted  into  it  through  an  incision  made  just  below* 
the  stomach  dividing  the  two  anterior  layers.  This  finger  would  come  in  contact 
with  another  introduced  from  right  to  left  through  the  foramen  of  Winslow,  This 
can  rarely  be  done  in  the  adult  without  breaking  down  adhesions,  for  the  reason 
that  at  about  the  age  mentioned  the  anterior  lamella  of  two  layers  fell  back  upon 
the  transverse  cOlon  and  became  adherent  to  the  posterior  lamella,  obliterating 
the  cavity  of  the  great  omentum,  which  may  now  be  called  the  v mental  plate. 
Figure  606  shows  the  opportunity.  This  arrangement  gives  the  stomach  a  direct 
connection  with  the  transverse  colon  and  the  two  layers  descending  from  the 
greater  curvature  cannot  be  lifted  from  it*  Our  former  great  omentum  may  now 
be  called  f/astro-eolie  omentum  ;  some  speak  of  the  layers  between  stomach  and 
colon  ordy  as  the  qitstro-colie  part  of  the  great  omentum. 

This  part  connects  on  the  left  with  the  gastro-splenic  omentum  and  on  the 
right  with  the  hepatic  flexnre  of  the  colon  and  descending  colon,  meeting  there 
the  hepato-colic  ligament,  and  is  distinguished  at  those  points  as  omefitmn  colitnim 
(Haller).  In  later  time,  the  great  omentum  is  a  four-cornered  curtain  which 
hangs  down  from  the  great  curvature  of  the  stomach  in  front  of  the  small  intes- 
tines fused  with  the  transverse  colon,  ending  usually  in  a  free  edge  and  descend- 
ing a  little  lower  on  the  left  side  as  evidenced  by  its  greater  freijuency  in  left 
hernioe.  It  may  be  tucked  between  the  intestines  or  wholly  pushed  upward.  It 
may  accumulate  much  fat. 

Its  vemeh — va»a  epiploiea — ^are  chiefly  derived  from  the  art.  gastro-epiploica 
sinistra,  only  the  smallest  part  from  the  dextra.  It  is  poorly  supplied  with 
Ipnphatks.     Its  nerves  are  from   the  cojliac  plexus. 

The  iputm-splenie  umentiuit  we  have  seen  (Figs.  610  and  611)  as  a  double 
fold,  dipping  in  between  the  fun<lus  of  the  stomach  and  the  gastric  surface  of  the 
spleen.  It  is  where  the  greater  sac  has  opportunity  to  touch  the  lesser  sac 
between  these  two  organs.  In  this  fold,  made  by  two  sacs,  the  splenic  artery 
sends  its  vasa  brevia  to   the  stomach. 

The  /t'^«<?r  omt*Hf Mm  (omentum  minus)  or  tjaHtro-hepatte  fymeMum  or  lit/.  Ite/mto^ 
(/astrtrum  pa.sses  nearly  vertically  between  the  transverse  fissure  of  the  liver  and  the 
lesser  curvature  of  the  stomach,  eontinuoiis  to  the  right  upon  the  first  j>art  of  the 
duodenum.  This  right  free  edge  going  to  the  duodenuuK  containing  vessels,  is 
called  the  lig,  hepato-duodenale.  The  lesser  omentum  and  hepato-duodenal  liga- 
ment are  made  of  two  layers,  one  from  the  greater  and  one  from  the  lesser  sac. 
An  index  finger  passed  into  the  foramen  uf  Winslow,  if  approximated  to  tlie  thumb 
placed  upon  the  anterior  surface,  includes  the  two  layers,  thin  as  they  are.     The 
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anterior  layer  at  the  right  free  border  turns  behind  the  vessels,  now  belongs  to 
the  lesser  sac,  and  makes  the  posterior  layer  of  the  hepato-duodenal  ligament  and 
of  the  lesser  oraentiini.  These  two  layers  below  enclose  the  stomach,  and  to  the 
left  side  form  the  gastro-splenic  omentum.  Above,  the  anterior  layer  is  attaehed 
in  front  of  the  transverse  Assure  and  then  spreads  over  all  the  inferior  surlkce  of 
the  liver.  The  posterior  layer  above  is  attached  just  behind  the  transverse  fissure, 
and  here  separates  from  tbe  anterior  to  pass  backward  and  upward  over  the 
Spigelian  lobule  only.  The  combined  layers  leave  the  left  end  of  the  transverse 
fissure  antl  run  along  the  edges  of  the  fissure  for  the  ductus  vcnosus,  passing  to 
the  diaphragm  and  on  that  forward  to  the  oesophagus,  which  the  two  layers  parti v 
surround,  the  anterior  one  etivering  its  anterior  and  left  side,  the  posterior  one  it^ 
posterior  and  right  side,  in  part.  The  anterior  one  is  the  phrenico-gastrie  liga- 
ment.    Between  the  two  layers  of  the  hepato-duodenal  ligament  at  the  right 
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dQodi*nate^  containing  the  hepatic  vcsfsels^  has  tn?t'n  put  on  the  strtit'h  ;  its  unlirkfr  Iny^T  has  \iet*n  o|>ened  by 
a  veriit-al  inelslon.    A  proh«  piissea  behind  it  tlimutfU  tht^  furamen  of  WJhaIuw  into  Iht^  k'Si-tr  sac.    (Henle*) 

edge  of  the  lesser  omentum,  the  outgoing  and  ingoing  vessels  are  arranged  as 

represented  in  Fig,  615. 

Near  the  duodenum  there  are  three  vessels,  the  common  bile-duct  to  the  right* 
the  hepatic  artery  to  the  left,  and  behind  and  between  the  two  the  portal  vein. 
At  the  transverse  fissure  of  the  liver  the  artery  and  vein  tiivide  into  right  and 
left  branches  for  the  right  and  left  lobes,  and  the  common  bile-duct  receives  the 
cystic  duet  and  the  hepatic  ducts  descending  from  the  two  lobes.  Besides  these  J 
are  lymph-glands  and  vessels  and  nerves,  all  surrounded  by  connective  tissue] 
which  is  called   iTiimons  capsule. 

The  foramen  tf  Wimlow  (J.  B,  Winslow,  1743)  or  otifivium  epiplmmtm^  ie^ 
the  point  of  communication  betsveen  the  bursa  omentalis  (lesser  sac)  and  the 
greater  sac.  It  may  be  round  in  shape,  trianguhir  or  semilunar.  It  should 
admit  about  two  fingers.  It  is  best  shown  when  the  liver  is  tilted  upward  and  to 
the  right,  and  the  intt^stines,  with  the  first  part  of  the  duodenum,  tiownward  and 
to  the  left.  Its  bounclaries  are — Jibove,  the  caudate  lohe  of  the  liver;  below*  the 
first  part  of  the  duodenum  and  the  first  part  of  the  hepatic  artery  as  it  passeaj 
forward ;  in  front  are  the  right  free  border  of  the  lesser  omentum,  lig.  hepato- 
duodenale,  with  its  contained  vessels,  hepatic  artery,  vena  poilre  and  common 
bile-duct;  behind  are  the  lig.   hepato-renale  and  vena   cava  inferior. 


As  a  result  of  closure  o(  this  foramen  due  to  adhesive  inflammation,  a  h^drop$ 
saci'atus  can  be  formed  by  a  collection  of  serum  in  the  lesser  sac,  and  the  stomaclvj 
will  rest  on  a  sort  of  water-bed. 

Another  rare  anomaly  is  a  hernia  through  this  foramen.  A  great  part  of  the 
small  intestines  have  worked  their  way  through  it  by  peristalsis  into  the  lesser  sac. 

The  Lesser  Sac  or  Bursa  OmentaUs, — Between  tlie  mesogastrium  and  posterior 
wall  of  the  stomach  there  was  originally  a  three-cornered  space  with  it.^  apex 
turned  to  the  left  and  ba^^e  to  the  riglit  (Figs,  599  and  600).  During  develop- 
ment the  base  has  been  narrowed  to  tlie  foramen  of  Winsjow,  The  cavity  is 
called  the  lesser  sac  or  omental  bursa.  Figure  *]0G  shows  that  it  sends  a  diver- 
ticulum up  behind  the  Spigelian  lobe  of  the  liver,  another  downward  known  as 
the  cavity  of  the  great  omentum,  and  in  figure  010  we  see  the  main  chamber 
behind  the  stomaeh  sending  off  a  third  pouidi  to  the  spleen  and  left  kidney. 

When  the  linger  enters  the  foramen  of  Winslow  it  is  able  to  mark  out  a  cir- 
cumscribed region  confined  by  the  Spigelian  lobe  anteriorly  and  the  diaphragm 
behind.  Push  the  finger  to  the  left  until  it  is  obstructed  and  let  it  descend;  at  a 
level  belnw  the  papillary  tubercle  of  the  liver  it  will  slip  under  a  prominent  band, 
and  can  now  ascend  under  the  fundus  of  the  stomach  up  to  the  posterior  surface 
of  the  oesophagus;  we  can  then  push  over  to  the  spleen,  or,  if  the  subject  be 
young  enough,  down  into  the  great  omentum. 

The  lesser  sac  seems  to  be  subdivided.  Iluschke  called  the  first  portion, 
which  receives  the  Spigelian  lobe,  the  hurmi  omenti  mhtorig^  because  it  is  just 
behind  the  lesser  omentum. 

The  second  targe  division  going  upwanl  behind  the  stomach  and  downward 
into  the  omentum  and  over  to  the  spleen  was  the  buna  omenti  majorU*     Each 
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communicates  'frith  the  other  by  i\i^  foramtn  omenti  majoriH.     These  subdivisions 
are  still  found,  and  the  constricting  band  is  still  present,  csiuaed  by  the  gastric 
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artery,  throwing  forward  a  fold  of  peritooeum  io  relief.  This  is  called  the  lig* 
gastro'pa  n creatku  m  ( Fig.  0 16). 

The  figure  shows  the  posterinr  wall  of  the  bursa  lying  in  front  of  the  pan- 
creas. Through  the  opening  to  the  right  and  above  may  he  seen  the  papillary 
rtuherele  of  the  Spigelian  lobe. 

The  connection  of  the  two  bursas  is  narrowed  by  the  tuber  omentale  of  the 
pancreas  and  the  gastro- pancreatic  ligament  whii-h  runs  obliquely  from  the  cardia 
to  the  anterior  surface  of  tbe  panereas  in  about  the  miihlle  line. 

It  is  now  proposed  to  call  the  lirst  bursa  the  fttrittm  bursa'  omentalw  or  ante- 
chamlier,  and  the  seeond  bursa  the  bursfi  ommtaiis  proper. 

The  part  behind  the  stomach  persists  throughout  life.  The  surfaces  are  in 
immediate  contact,  and  by  their  smoothness  and  moisture  permit  easy  movements 
of  the  stomach  in  its  various  degrees  of  distention. 

Recessus  Peritonei  or  Relaro-peritoneal  Fossae, 

In  four  or  five  different  parts  of  the  abdominal  cavity  there  are  regions  of  sur- 
gical interest  from  the  possibility  of  the  occurrence  of  retro-perftoneal  hcrnitf.  One 
w^e  have  already  noted,  the  foramen  of  Winslow,  anotlier  is  a  phrrtiwo-kei>atie  fon^a 
at  the  left  h)be  of  the  liver.  As  many  as  three  may  occur  at  the  n[»per  end  of  the 
root  of  the  mesentery  :  a  dttodfjio-jejiaial  and  dmnlefffd  fossff ;  an  fnfersif/mfnd 
fosisn  to  the  outer  side  of  the  sigmoid  flexure,  n,  fossa  iliaco-suhfaseialis  connected 
with  a  left  Psoas  minor  muscle.  Finally  three  fossie  may  exist  in  the  neighbor- 
hood of  the  caecum. 

Henle  says  of  the  first  one,  '*  It  is  remarliable  that  a  hitherto  overlooked 
pocket  has  been  brought  to  light  by  Von  Bruniu  1H74.  It  is  on  the  under  sur- 
face of  the  diaphragm,  of  various  dimensions,  and  can  be  found  in  about  one-half 
of  the  adults,  It  opens  to  the  right  from  the  left  margin  of  the  liver  and  extends 
to  tiie  left,  parallel  to  the  coronary  ligament,  sometimes  only  deep  enough  for  the 
introduction  of  the  point  of  a  probe  and  sometimes  distensible  to  a  length  of  13  to 
16  cm.  and  to  a  diameter  of  *3  to  4  cm.  Its  existence  depends  on  the  atrophy  of 
the  left  lobe  of  the  liver.  When  the  gland  substance  retracts,  a  Ihit  peritoneal 
fidd  remains  on  the  under  surface  of  the  diaphragm,  |>cnetrated  by  vessels  and  vasa 
aberrantia  of  the  liver  and  often  lodging  separate  particles  of  gland  tissue*  The 
pocket  fmsa  phrenieu-hepatl^  originates  therefore  wlien  the  anterior  or  posterior 
edge  of  the  atrophied  lobe,  by  far  most  frecjuently  the  anterior,  fuses  with  the 
diaphragm.  It  develops  after  birth.  In  new-born  and  children  it  is  not  to  he 
found.** 

Duodenal  Fossie, 

Jonnesco  has  found  a  series  of  three  fossa^  in  the  vicinity  of  the  ascending 
duodenum  and  duodeno-jejunal  angle.  They  have  all  generally  been  called  the 
duodeno-jejunal- fossa,  or  fossa  of  Treitz, 

L  The  htfi'iior  dttodmal  fossa  (Fig.  617)  is  most  frequent,  and  occurs  in 
about  75  per  cent,  of  cases*  It  is  situated  to  the  left  of  the  upper  fart  of  the 
ascending  duodenum  and  has  the  shape  of  a  cornucopia  bouml  to  the  intestine. 
The  apex  of  the  fossa  is  directed  to  the  right  and  almost  touches  the  root  of  the 
mesentery. 

Its  widened  mouth  is  turned  upward  and  circumscribed  by  the  free  edge  of 
the  iNfi'ri(*r  dnodcmil  fuhL  This  fold  is  trianguhir,  has  a  falciform  eilge  with  its 
concavity  turned  upward;  its  right  margin  rests  on  tht*  juitcrior  surface  nf  the 
duodenum  und  its  left  on  the  prerenal  peritoneum  and  is  contirnious  with  the 
parietal  peritoneum.  It  contains  no  vessels,  nor  fat,  ami  the  dur^denum  is  readily 
seen  through  it.  The  boundaries  of  the  fossa  are — this  fold  to  the  front  and  left, 
the  ascending  duodenum  to  the  right,  and  the  left  side  of  the  third  lumbar  verte- 
bra behiTub  Its  tip  may  extend  to  the  anterior  surlaee  of  tlie  fourth  lumbar  ver- 
tebra.    The  depth  may  attain  *^  cm.  ;  its  orifice  admits  the  tip  of  the  index  finger. 


Fic,  fil7,— Inftrior  and  ,'inf>erior  duodenal  ftiesffi. 
The  inferior  iiiL*aeiiterk"  vein  Is  some  tMntAnvv  from 
the  inferior  fonsa  but  near  the  left  ix^rder  of  the  fiu- 
perjor  fbsaa.  Transverse  eol on  iiml  nuisuNH^un  lire 
fumed  up.  Ou  the  left  is  the  descend]  ns  colon,  ns- 
eending  duodenum  ou  the  rfsht,  and  Jejununi  is 
pulled  l€>  the  right.    jJonnescoJ 


Ftfi.  61ft  -TJuodetio-jejuniil  fossn  of  Trclti.  (From 
Treltz  In  Jonnesoti;)  IK  A^temlhm  duodenum.  P, 
DuodenFil  fold.  \m.  Inferior  mesenteric  vein,  Ae, 
Art.  roliea  Kjulstra.  Mt.  Tratisvera*  mesocolon.  Md, 
Descendinp  mesocolon. 


The  fossa  described  by  Treitz  and  known  aa  the  duodeno-jejunal  fossa  of 
Treitjs  is  this  one,  but  it  is  '"  vascular^"  in  which  the  inferior  mesenteric  vein 
runs  in  the  edge  of  the  erescentic  fold  and  the  inferior  extremity  of  the  fossa  is 
formed  by  the  coliea  sinistra  artery.  Treitz  regarded  the  formation  of  the  fossa 
due  to  the  presence  of  the  vessels  (Fi^.  61 H). 

"■' The  orifice  of  tlie  fos.sii  was  limited  on  the  right  by  the  duodenum,  on  the 
left  by  the  free  edge  of  the  duodenal  fold.  The  fossa  lay  on  the  third  lumbar 
vertebra  left  side,  and  in  the  bottom  of  a  depression  of  the  posterior  abdominal 
wall  limited  by  the  pancreas,  left  kidney  and  aorta/' 

2.  The  iiupen'or  fJuodeiui!  fossa  is  pres^ent  in  about  50  per  cent.  It  often  co- 
exists with  the  inferior  one  (Fip;.  617).  It  is  always  at  the  level  of  the  superior 
extremity  of  the  ascending  duodenum,  an<l  its  orifice  looks  downward,  opposed  to 
the  preceding.  The  orifice  is  limited  by  the  edge  of  the  ^uperinr  duodenal  foM^ 
which  presents  the  free  semilunar  ha.se  turned  below.  The  summit  of  the  fold  is 
lost  above  in  the  inferior  layer  of  the  transverse  mesocolon,  its  left  side  passes 
over  into  prerenal  peritoneum,  and  its  right  side  un  to  tlie  duodenum  and  left  leaf 
of  mesentery. 

The  fossa  is  limited  in  front  by  this  fold,  to  the  riL'ht  by  the  duodenum  and  is 
stopped  ahove  by  the  body  of  the  pancreas  and  rests  lui  the  second  lumbar  verte- 
bra in  the  angle  formefl  by  the  left  renal  vein  eros.^ing  the  aorta.  Its  greatest 
depth  is  2  cm.  This  fossa  is  always  vascular,  /.  e,  i.s  related  to  the  inferior  mesen- 
teric vein  which  passes  to  its  left  along  its  adherent  parietal  borfler  and  disap- 
pears under  the  pancreas;  sometimes  it  enters  the  free  fold  covering  the  orifice. 

3.  The  diindeno-jejuhal  or  meEoeoUc  fomHa.  This  is  found  in  16  per  cent,  ;  it 
does  not  coexist  with  any  other.      Its  existence  necessitates  that  the  duodeuo- 
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jejunal  angle  should  penetrate  the  root  of  tbe  transverse  mesocoloii.    This  occurs 

in  two  forms :  (1)  a  single  simple  fossa  (Fig.  619),  ami  (2)  a  double  fossa.     Below 

the  duodenum  is  the  inferior  mesenteric 
artery,  givinjj  off  the  colica  sinistra; 
passing  over  the  fossa  is  the  inferior 
mesenteric  vein.  This  was  originally 
described  by  Husebke  in  1844.  In 
drawing  the  jejunnm  forward  and  to  the 
right,  the  mesocolon  being  raised^  the 
duodeno-mcsocolic  ligaments  are  seen 
stretched  between  the  ^Inoileno-jejunal 
angle  and  mesocolon.  They  seem  to  be 
layers  of  mesentery  passing  into  the 
mesocolon.  Limited  by  these  folds  and 
by  the  upper  surface  of  the  duodeno- 
jejunal angle  and  the  inferior  mesenteric 
vein  there  appears  an  almost  circular 
o|iening  leading  into  a  deep  fossa.  This 
plunges  into  the  mesocolon  and  occupies  J 
a  retro-peritoneal  space  to  the  left  of  the 
second  lumbar  vertebra,  limited  above  by 
the  pancreas,  on  the  right  by  the  aorta, 
and  on  the  left  by  the  left  kidney.     In 

this  cavity  is  the  angle  of  the  duodeno-jejunal  flexure  and  higher  up  can  be  seen 

under  it  the  left  renal  vein.     The  orifice  admits  the  little  finger  and  it^  depth  is 

2  or  3  cm. 

The   inferior  mesenteric   vein   passes   at  first  along  the   adherent  mesocolic 

border  of  the  left  fold  and  then  its  concavity  crosses  near  the  orifice. 

Jonnesco  has  seen  one  case  of  a  double  duodeno-jejunal  fossa  where  there  were 

three  ligaments.     All  these  are  related  to  the  inferior  mesenteric  vein. 

It  is  not  believed  that  any  of  these  are  pathological.     They  are  more  or  lesa. 

developed  in  children  and  new-born. 


Fjo.  619,— Simple  duodenu-jejuuul  fo«sA.   (Jonne«€0.) 


I.  Duodenal  fossje  (may 
exist). 


damifiefiimn. 
Inferior     - 


(  buperior 

11.   Duodeno-jejunal  or  meso-  1    ^*      , 
ic  fossa  (never    coexists  with   J-  tv     K 


colic  fossa  ( 
the  preceding). 


Non-vascular  most  often.    If  vas- 
cular^ is  the  fossa  of  Treitz. 

Always  vascular,  simple 
venous. 

Always  vascular,  venous- 


Fossa  Intersigmoidea. 


Under  the  name  infersic/moid  or  suhsifpitoHl  fosm,  Treitz  described  a  funnel- 
shaped  recess  of  the  peritoneum,  commonly  found  in  the  foetus,  next  most  often 
in  the  child,  antl  rather  rarely  in  the  adult.  Its  mouth  opens  below  in  the  left 
iliac  fossa  on  the  left  side  of  the  root  of  the  mesentery  of  the  sigmoid  flexure- 
To  find  it,  turn  the  flexure  over  to  the  right  (Fig.  620). 

The  opening  usually  lies  upon  the  left  external  iliac  vessels  at  the  interval 
between  the  edges  of  the  Iliacus  and  Psoas  muscles. 

The  pouch  runs  up  under  the  parietal  peritoneum  of  the  posterior  abdominal 
wall  and  ends  blind  at  the  point  of  division  of  the  inferior  mesenteric  artery  into 
the  colica  sinistra  und  its  descending  branch.  More  of\en  the  fossa  is  incom- 
pletely subdivided  by  a  falciform  projection  of  the  wall.  Sometimes  two  separate 
fossje  extend  from  n  single  opening.  Probably  the  fossa  is  formed  by  the  separa- 
tion of  the  two   layers  of  the  peritoneum  behind   the   descending  colon   which 


Fig.  620.^Foiia'iDtGratgniDidea,    Sigmoid  llexore  of  a  uewboru,  drawn  upward.    {Hetile). 

toneal  fossa  may  exist  which  in  some  causes  receives  a  part  of  the  descending 
colon/'  Biesiadecki,  who  described  it,  gave  it  the  name/W«a  iliaco'suhfascialis. 
This  fossa,  of  courae,  is  of  slight  importance. 

Pericecal  Fossa. 

At  least  three  fossae  are  to  he  foimd  in  the  cppcal  region.  There  is  no  agree- 
ment upon  their  frei^uency  and  nomenclature.  Just  above  the  ileo-colic  junction 
between  the  end  of  tbe  ileum  and  ascending  colon,  bounded  in  front  by  an  ileo- 
colic fold  may  be  the  iho-eoUe  fossa j  also  called  superhr  ileo-eweaL    (Luschka.) 

It  is  just  where  the  mesentery  changes  into  the  peritoneal  coat  of  the  aseend- 
mg  colon.     It  is  smaller  and  less  constant  tlian  the  next 

Underneath  the  ileum,  between  it  and  the  ca?cum,  is  the  iho-emeal  fossa ^  which 
may  he  called  the  infer  tor  lleo-cwcal^  and  has  been  described  as  tbe  suhciecal.  It 
lies  between  two  definite  folds  of  peritoneum,  the  formation  of  which  rec[uire9 
explanation.  Originally  in  the  human  fretus  there  were  three  folds  passing 
between  the  contiguous  surfaces  of  the  ileum  and  Ciccum.  These  are  normal 
in  the  spider  monkey  (Fig-  6!21). 

They  are  called  anterior  vasetdar^  po»terior  vascular,  and  intermediate  ;?ow- 
vascular  folds.  In  the  human  subject  the  anterior  vascuhir  and  the  middle  non* 
vascular  folds  unite  on  tbe  caecum,  but  do  not  descend  upon  the  appendix ;  the 
posterior  vascular  fold  with  its  contained  posterior  ileo-cfecal  artery  passes  to  the 
appendix  and  forma  its  mesentery.  The  space  left  between  this  fold  behind  and 
the  middle  non-vascular  fold  in  front  is  tbe  ileo-ci3ecal  fossa  (Fig.  622). 

The  subeceeal  fossa  is  directly  behind  tbe  ciccum  ;  it  is  really  post-ciccal.  Its 
fundus  may  pass  up  behind  the  ascending  colon,  /.  e^  the  ci^^cum  in  descending 
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nn.  IBS.— HamAn  cecum  and  Ueo-oolotit  showing  lleo-csecal  foB»a.    (Huntlogton.) 

the  subject  appeared  in  1857  by  Treitz,  who  described  tbe  fossa  of  his  name  and 
reported  cases  of  *' retro-peri toueal  **  herniae  through  his  fosaa. 
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Such  cases  are  sometimes  seen  in  the  dissecting-room,  say  about  3  in  1000 
subjects. 

Contents  of  the  Abdominal  Cavity. 

They  are  intra-peritoneal  and  retro-peritoneal,  two  groups.  The  stomach, 
small  and  large  intestine,  liver,  and  spleen  receive  a  more  or  less  complete 
investment  of  peritoneum,  and  are  called  intra-peritoneal  organs.  The  other 
group,  to  which  belong  the  kidneys,  suprarenal  capsules,  pancreas,  and  great 
vessels  are  only  covered  on  the  side  turned  toward  the  abdominal  cavity  by 
parietal  peritoneum  and  are  retro-peritoneal. 

THE  STOMACH. 

Form  and  Size  (Figs.  623  and  624). — The  stomach  is  a  sac-like,  pear-shaped 
dilatation  of  the  alimentary  canal  placed  between  the  oesophagus  and  beginning 


Antrum  pyloricum. 


Fia.  623.— Anterior  oatlines  of  stomach.    His'  model. 


of  the  small  intestine.     Its  big  end  is  directed  above  and  to  the  left,  to  the  dia- 
phragm, its  small  end  below  and  to  the  right.     The  beginning  of  the  stomach  or 


Orificium  pyloricum 
Valvula  pylorica 


Antrum  pyloricum 


Fig.  624.— Posterior  oatlines  of  stomach.    His'  modcL 

its  mouth  is  the  cardia  or  cardiac  opening,  which  passes  from  the  oesophagus  like 
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an  inverted  funnel  without  visible  external  limit.  On  tlie  inner  surface  a  defi- 
nite line  is  seen  between  the  oesophagus  and  cardia.  Above  the  line  tlie  mucous 
nietnbrane  is  whitish  and  made  largely  of  pavement  epithelium,  while  below  the 
color  is  red  and  the  luiieous  membrane  shows  characteristic  cylindrical  epithe- 
lium. Sometimes  an  external  ring  as  well  as  an  internal  projection  is  found 
between  cardia  and  the  rest  of  the  stomach,  formin^j  a  kind  of  (rtitruvi  cardiaeum. 
Passing  from  the  cardia  to  the  left  and  above,  we  find  the  first  great  pouch, 
the  blind  sac  or  funduity  whose  relative  size  varies  with  age.  In  early  youth  it  is 
glightly  developed,  in  adult  man  it  form**  about  one-fifth  of  the  stomach* 

This  continues  on  the  right  into  the  itodt/  t>f  (he  ^toinaelt^  which  has  two  sur- 
faces-banter lor  and  posterior — and  two  borders.  The  anterior  surface  looks 
upward  and  forward,  the  posterior  backward  and  downward,  and  they  are 
included  between  the  borders  leader  eiinHtti(ri\  concave  and  turned  to  the  right 
and  above,  and  larffrr  mrvatHre,  convex  and  three  or  four  times  as  large  as  the 
lesser,  turned  to  the  left  and  below  (Figs.  023  and  6:24 1. 

At  the  right  the  body  nf  the  stomach  gradually  contracts  toward  its  duodenal 
end.  Then  follows  a  second  smaller  psu't  of  the  stomach,  the  portlo  ptfhtrica^  which 
includes  the  antrum  pt/hricum^  whose  form  and  size  vary.  Usually  the  antrum 
appears  as  a  double  pouch  ;  the  flatter  one  is  higher  and  extends  from  the  lesser 
curvature  to  the  beginning  of  the  duodenum.  It  is  not  very  distinctly  marked 
off  from  the  body,  Tlie  other  lies  laicrally  and  is  separated  by  a  more  or  less 
deep  notch  from  the  greater  curvature  (Fig.  027). 

Sometimes  a  third  one  is  found  under  this  last  one.  On  the  inner  surface  of 
the  stomach  there  is  sometimes  a  raucous  fold,  plica  pra'pi/Iorictu  separating  the 
antrum  from  the  body  of  the  stomach.  The  pouches  representing  the  antrum 
pylori  are  caused  by  two  fl?it  ligamentous  bands  some  millimeters  wide,  one  run- 
ning along  the  anterior  wall,  one  on  the  posterior.  They  are  called  pi/Uric  Itx/a- 
went^  (lig.  pyloricuui)  and  lie  between  the  muscular  and  serous  coats  and  are 
closely  fu.sed  with  the  latter  (Fig.  027), 

The  division  between  the  stomach  and  intestine  is  marked  externally  by  a 
circular   constriction,  sulcus  pi/loricug^  and    more   deeply  by  a  muscular  ring, 

npkhicter  pffforleus^  and  internally 
by  a  corresponding  projection  of 
mucous  membrane  called  valvulu 
p/fhffuca  or  pi/Ioru.^  { Fig.  625). 

The  valve  usually  presents  a 
round  opening,  bigger  or  smaller — 
orificium  duodenah' — w  hich  may  have 
a  central  or  eccentric  position.  It 
may  not  be  an  enclosing  ring  but  a 
crescentic  projection,  and  rarely  con- 
sists of  two  halves  lying  oppaBite 
each  other. 

The  first  part  of  the  duodenum   is   often  pouched,  called  anirum   duoJeni, 
The  aize  of  the  stomach  varies  according  to  age,  sex,  individual,  and  degree 
of  distention. 

A  woman's  stomach  increases  more  in  length,  is  more  slender,  and  in  general 
smaller  than  that  of  a  man.  In  moderate  distention  Sappey  found  the  greatest 
diameter  of  the  stomach  to  be  24-26  cm.  (10-12  inches),  from  the  lesser  to  the 
greater  curvature  10-12  cm.  (4-i>  inches),  and  from  the  anterior  to  the  posterior 
wall  8-9  cm.  |o|  inches).  The  distance  between  tlie  two  orifices  is  three  to  six 
inches.  Loscfika,  by  blowing  up  the  stomach,  fotind  its  long  axis  to  measure  34 
cm.,  greatest  vertical  diameter  15  cm.,  greatest  antero-jiostcrior  diameter  11.5 
cm*.  an<l  smallest  antero-jiostcrior  diameter,  at  pylorus,  3,7  cm. 

In  the  empty  condition,  as  in  tlie  dead  subject,  the  greatest  diameter  is  reduced 
to  18-20  cm.,  the  second  diameter  is  7-8  cm,,  and  the  third  disappears  as  the  two 
walls  touch. 


Vitcular  mumuUir  pUvM 
LonffUudinoi  mugcuiar  Jihres 
Peruotteum 


Fto.  025*— nfAirraninnilir  view  ot  cnatH  of  tbe  atom 
acli,  duiiMitjnum,  and  pylorus.    (Allan  Tliomsou.) 
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The  weight  of  the  frflcJ  stomach  i»  in  the  nialc  about  four  and  a  half  ounces. 
Its  normal  capacity  in  the  afhilt  male  is  2.5-4  litres  (5-8  pints). 

A  blown^up  stomach  drieil  eontainetl  5  pounils  of  water,  female;  and  8 
]*ounds,   male, 

Poaition  and  Relations  of  the  Stomach, 

It  lies  in  the  epigHSti-ic  region  tind  left  hypocbondriiim,  rarely  in  the  right 
hypochoiidrium.  about  five-sixths  to  the  left  of  tbe  median  line,  and  one-sixth  to 


Lotirtr  lunff . 

limit 

Lotvtr  piearui 
limit 


\ 


flttirt-eontottr 


Diaphrofpn- 


liver^ 


fioU-btodder ' 


Stoftiach 


Ckeum 


x^srtiOiwKw  ••^ 


-  -  SmaU  inU9Hn€ 


j(exur€ 


Pio.  A26,'RelatioQa  of  the  abdomtc&l  rlncera^    (Joessvl.) 

the  right.  Of  the  left  segment  the  greater  part  lies  in  the  left  hypochondrium, 
viz,  the  cardia,  fundus,  and  the  most  curved  part  of  the  body  ;  the  rest  of  the 
body  HTid  a  part  of  the  pars  pylorieii  full  in  the  left  }>jirt  of  tbe  epigastriiiUK  The 
only  part  belongjiig  to  the  right  half  lucludes  u  very  small  portion  of  tbe  pars 
pylorica  and  the  pylorus.  The  storuaeh  then  lies  liuder  the  diajibrajfrni  and  liver, 
above  the  jej  13 ntnu,  ileum,  and  transverse  colon,  extending  its  greater  part  into 
the  left  hypochondriuni  and  smaller  part  into  the  epigastrium  between  the  spleen 
on  the  left  and  gall-bladder  on  tbe  right.      It  does  not  lie  transversely  nor  yet  so 
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vertically  as  Luschka  puts  it,  unless  in  the  infant  nr  in  the  female  deformed  by 
corsets.  It  is  directed  from  above  and  the  left  clown  ward  and  forward  to  the 
right.  An  empty  stomach  may  han^  nearly  vertically  and  present  an  anterior 
and  a  posterior  surface,  but  there  is  usmilly  some  obliquity.  If  the  small  intes- 
tines are  dkicIi  distetided  it  may  be  transverse,  or  if  rigor  mortis  be  rapid  it  may 
be  cylindrical,  especially  below* 

In  moderate  distention  the  eardia  lies  2-3  cm,  {1  inch)  below  the  oesophageal 
opening  of  the  dirtphragm  (Fig,  626), 

This  point  is  distant  about  11  cm.  from  the  anterior  body-wall,  is  opposite  the 
sternal  junction  of  the  left  seventh  costal  cartilage,  and  that  corresponds  to  the 
left  side  of  the  eleventh  thoracic  vertebra.  A  borixontal  line  drawn  backward 
from  the  ziphoid  cartilage  to  the  vertebral  column  marks  the  transition  from  cardia 
to  a-sophagus.  The  fundus  is  S-5  cm,  higher  than  the  cardia.  It  lies  in  the  left 
hypochoiidrinm  and,  if  distended,  against  the  left  cupola  of  the  diaphragm,  which 
separates  it  fronj  the  overlying  lung.  Its  highest  point  on  the  cadaver  reaches?  a 
horizontal  line  connecting  the  sternal  end  of  the  left  sixth  costal  cartilage  and  the 
vertebral  end  of  the  tenth  rib. 

In  its  full  condition  the  fundus  lies  upon  the  upper  half  of  the  inner  surface 
of  the  spleen,  connected  by  the  gastro-splenic  omentum,  A  full  stomach  there- 
fore mny  intrude  upon  respiration,  or  it  may  touch  the  left  part  of  the  central 
tendon  an<l  exert  an  influence  on  the  heart's  action,  or  may  compress  the  big  vea- 
sel  trunks  on  the  vertebral  column. 

The  anterior  Hurface  of  the  body  of  the  stomach  touches  on  the  left  the  poste- 
rior surface  of  the  anterior  thoracic  wall,  where  it  is  covered  by  the  anterior  parts 
of  the  seventh,  eighth  and  ninth  rtbs.  The  part  of  the  lesser  curvature  lying 
next  is  covered  by  the  liver.  Thus  one  finds  in  the  so-called  qafttrie  fog^a  of  the 
abdomen  not  only  the  stomach  but  the  liver  in  front  of  it.  Between  the  part 
covered  by  the  liver  and  that  covered  hy  the  left  ribs,  there  is  a  triangular  section 
of  about  40  s(j.  cm.  of  the  anterior  wall  of  the  stomach  in  contact  with  the 
abdominal  wall.  It  is  bounded  on  the  left  by  the  cartilaginous  ends  of  the 
seventh,  eighth  and  ninth  ribs,  on  the  right  by  the  anterior  margin  of  the  liver, 
and  below  by  the  transverse  eolpn.  This  is  the  only  part  of  the  stomach  to  be 
actually  seen  when  the  subject  is  opened.  This  is  the  part  which  the  surgeon 
can  readily  approach  in  operation.  In  the  new-born  the  stomach  is  wholly  covered 
by  the  left  lobe  of  the  liver. 

The  posterior  surface  of  the  body  covers,  in  moderate  distention,  the  end  of 
the  transverse  colon  and  its  splenic  flexure.  The  greater  part  of  the  posterior 
surface  of  the  stomach  rests  on  a  "'  bed  "  formed  largely  by  the  transverse  colon 
and  its  upper  layer  of  mesocolon.  If  the  organs  are  hardened  in  situ^  the  trans- 
verse mesocolon  will  be  found  to  present  a  concavity  directed  upward,  correspond- 
ing to  tlie  convex  shape  of  the  stomach,  and  thus  the  latter  receives  great  support. 
Still  in  this  bed  are  the  pancreas  with  the  splenic  vessels  running  along  its  upper 
border,  the  upper  part  of  the  left  kidney,  the  leff  suprarenal  capsule,  spleen^ 
bursa  omentalis,  duodenum,  and  left  crus  of  diaphragm  (Fig.  G80).  Cases  are 
known  where  ulcers  on  this  surface  of  the  stomach  have  perforated  branches  of 
the  splenic  artery  and  caused  fatal  haemorrhage. 

The  leitiner  ('urtmturf\  with  its  concavity  directed  to  the  right  and  ujiward  toward  I 
the  under  surface  of  the  liver,  descends  in  front  of  tbe  vertebral  [portion  of  the 
diaphragm  at  first  (juite  obliquely  along  the  left  side  of  the  eleventh  and  twelfth 
thoracic  vertebra?,  then  crosses  the  vertebral  column  at  the  level  of  the  first  lumbar 
vertebra,  and  tlicn  ascends  into  the  pylorus.  Tbe  greater  vunHiture  forms  a  con- 
vex arch  directed  below.  In  njoderate  distention  it  crosses  tbe  epigastrium  in  a 
line  which  connects  the  cartilages  of  the  two  ninth  or  tenth  ribs.  This  line 
usually  lies  two  fingers'  breadth  above  the  umbilicus.  In  great  distention  the 
great  curvature  can  reach  it,  and  in  pathological  cases  can  descend  far  below  it. 
The  portio  pylorica,  bent  backward  and  outward,  lying  in  the  epigastrium,  is 
covered  by  the  quadrate  lobe  of  the  liver.     The  pylorus  is  to  the  right  and  some- 
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what  below  the  ziphoid  process  between  the  sternal  and  parasternal  lines  on  a 
level  with  the  upper  edge  of  the  first  lumbar  vertebra.  This  may  extend  into  the 
right  hypochondrium.  In  an  empty,  fasting  stomach  these  relations  are  all 
changed  and  the  surfaces  of  contact  are  small.  In  a  well-filled  stomach  a 
twist  of  the  organ  occurs,  so  that  the  anterior  surface  comes  to  be  more  superior 
and  the  posterior  surface  more  inferior.  The  lesser  curvature  is  more  directed 
toward  the  vertebral  column  and  the  greater  curvature  toward  the  anterior  abdomi- 
nal wall.     The  pylorus  also  moves  more  to  the  right. 

Relations  of  Stomach  in  Detail. 

Cardia,  opposite  left  7th  chondro-sternal  junction. 

Fundus  reaches  left  6th  costal  cartilage  and  left  cupola  of  diaphragm. 

Pylorus  reaches  upper  border  of  1st  L.  vertebra  to  the  right  of  the  median 
line. 

Lowest  edge  of  greater  curvature  in  median  line  reaches  to  within  two  fingers' 
breadth  of  the  umbilicus. 

Anteriorly : 
Diaphragm  ; 

Thoracic  wall  formed  by  anterior  parts  of  7th,  8th,  and  9th  ribs ; 
Quadrate  and  left  lobes  of  liver ; 
Anterior  abdominal  wall. 

Posteriorly^  or  ^'bed:** 
'  Diaphragm  ; 

•  Left  crus  of  diaphragm ; 

•  Aorta  and  vena  cava  inferior ; 

•  1st  lumbar  vertebra ; 

•  Coeliac  axis ; 

'  Bursa  omentalis  (lesser  sac) ; 

^  Splenic  flexure  of  colon ; 

I  Transverse  colon ; 

•Transverse  mesocolon  (upper  layer) ; 

•  Gastric  surface  of  spleen  ; 
Left  kidney  and  capsule ; 

•  Pancreas ; 

•  Splenic  vessels ; 

•  4th  part  of  duodenum. 

Right  End : 

Junction  of  transverse  colon  and  under  surface  of  liver. 
Left  End: 

Spleen ; 

Diaphragm. 

The  peritoneal  relations  of  the  stomach  have  in  general  been  described.  It 
presents  double  "  peritoneal  lines  "  on  both  curvatures  and  fundus,  showing  the 
cut  edges  of  peritoneum.  Above,  in  front  of  the  cardia  is  the  attachment  of  the 
gastro-phrenic  ligament  running  down  along  the  lesser  curvature  as  the  anterior 
layer  of  the  lesser  omentum.  Behind  it,  separated  by  a  linear  space  where  the 
stomach  is  uncovered,  is  the  line  for  the  posterior  layer  of  the  lesser  omentum. 
Larger  triangular  spaces  are  left  uncovered  at  either  end  of  the  stomach.  On 
the  greater  curvature  is  the  double  line  indicating  the  two  layers  of  the  anterior 
lamella  of  the  great  omentum  running  on  the  left  into  the  two  lines  of  the  gastro'- 
splenic  omentum. 

Points  of  Fixation  of  the  Stomach. — It  is  a  part  very  well  secured,  especially 
by  the  oesophagus  fastened  to  the  diaphragm  and  by  the  duodenum  firmly  bound 
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to   the  vertebral  column,      Sume  peritoneal  folds  also  aid,  as  the  lig,  phrenico- 

ijastricum  coDiicctinii;  the  csirdia  to  the  iiiiiphnigm.  To  the  right  this  joins  the 
esser  omentum,  which  is  very  thin,  hut  tarther  to  the  right  is  the  strong  lig. 
hepato-duodenale,  which  confines  the  ])jlorns.  The  great  omeiituiu  and  gastro- 
splenic  afford  no  fixation  to  the  stomach.  The  spleen  has  no  firmness  of  position, 
80  the  stomach  gains  nothing  by  that  attachment.  The  great  omentum  hangs 
free  in  front  of  the  intestines,  and  could  only  modify  the  position  of  the  stomach 
when  caught  in  a  hernia. 

AlteratioEB  in  Positioii^^Tbere  is  no  organ  in  the  hody  the  positittn  and  connections  of 
which  present  suc'li  frequent  sdterattfms  as  fhe  stomach-  !)nrut(j  iiiKptnttion  it  is  cJispliu^d 
downward  by  the  descent  of  the  Diaphragm,  iind  e!t;vated  hy  the  pressure?  of  the  ahdoraiiial 
muscles  during  expiration.  Its  position  in  relation  to  the  surroaadiny  viseem  is  jilso  chim^ed 
according  to  the  empty  or  distended  state  (d"  the  orcan.  Whni  emph/  it  lies  at  the  hack  part 
of  the  abdnuien,  some  distance  fruai  the  surface.  The  lef\  lobe  of  the  liver  covers  it  in  front, 
iinti  the  under  surface  of  the  heurt  rests  uiKin  it  alxne  and  in  front,  being  separated  from  it  by 
the  lell  Itjhe  of  the  hver,  besides  the  Diaphragm  and  fiericardinui.  This  clrisc  relatiun  between 
the  stomach  and  the  heart  exiduiiis  the  fact  tliat  in  gastralgia  the  pain  is  generally  referred  to 
the  heart,  and  is  idlen  accomi>anied  by  paljiitation  and  intermission  of  the  pulse.  When  the 
ntomach  u  dfslrufh'd  the  grciiti  r  curvature  is  eleviUed  and  cartned  forward,  so  tliat  the  anterior 
surface  is  turned  ui)wanl  ami  the  fiosterior  snrlacc  downward,  and  tlie  stomaeh  brought  well 
against  the  anterior  wiill  of  the  alKlomen.'  The  iJtaphragm  at  the  same  time  is  iurced  upward, 
ctintnicting  the  cavity  cd"  the  chest;  hence  the  dvsimoea  complained  of,  fixnn  inspiration  beiniR: 
impeded.  The  heart  is  also  disphicc<l  upward ;  heucc  the  oppression  Iti  this  region  and  the 
palpitation  experieaccd  in  extreme  distention  of  the  stonitich.  iV'ji^frr  from  wifhottt,  as  iVtim 
tight  lacing^  pushes  the  stomach  ilown  tovvard  I  he  pelvis.  In  disease  alsi^  the  position  and  eon- 
nections  of  the  organ  may  he  greatly  chunire^l,  from  the  m^cumulatiun  of  fluid  in  the  chest  or 
abilomen  or  from  akeration  in  size  of  any  of  the  &un*ounding  viscera. 

Structmre. — Its  walls  are  composed  of  four  coats  named  in  order — serous,  mug- 
cular,  submucous  or  areolar,  and  mucous. 

The  serous  eoat^  peritoneum,  is  thin,  smooth,  and  moist,  allowing  some  mo- 
bility of  the  organ.     It  encloses  the  stomach  between  two  layers,  derived  from 

the  lesser  omentum.  Where  the 
layers  come  niton  t!ie  surface  and 
leave  it  agaiii^ — greater  and  lesser 
curvatore — they  lie  loosely  and 
leave  a  small  interspace,  in  which 
blood-vessels,  nerves,  lymph- vessel » 
and  glands,  take  their  course.  Else- 
where the  serous  layer  is  held  so 
tightly  by  submrouH  tiftme  to  the 
muscuhir  coat  that  it  can  only  be 
removed  artificially  in  small  bits* 
There  is  a  small  posterior  area 
near  the  cardia  not  covered  hy 
peritoneum  which  touches  the  dia- 
phragm. 

MuHeuJature.  —  Three  sets  of_ 
un striated  muscular  tissue  are  her 
included  —  longitudinal,    circular/' 
and  of>lir|ue.     Their  purpose  is  to 
set  the  stomach  contents  in  motion, 
to   push   tliem   on.   and  to   empty 
(LuBchkii.)   1.  ctLsophii^^iiti.   '2.  caniift    'A.  Fuiidua.   A.  Puffl     glandular  Secretion. 
?irv«ture.  8,  c^r«itcr  curvnture.  9,  Autmm  duoticiii  1  he  external    or    fongituainal 

layer  is  very  incomplete  and  is 
directly  continuous  with  the  longitudinal  fibres  of  the  ixsophagus  (Fig.  627). 
There  is  a  connected  layer  on  the  outer  side  of  the  cardia.  from  which   fibres 

'  This  is  denied  by  Dr,  I^ettslnUl  of  St.  Petei*stnjrc:,  who  stjites  thai  "'if  tlie  stomach  is  enlfiii 
no  onii  part  can  t>e  nloiie  dicjplaced,  but  all  paritt  are  e<iually  movi*d  by  the  distention**  ^J 
Mareh  11,  18S2,  p.  40d). 
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TVQ,  627.— Tlu'  exO»rnal  mus^enlftr  coat  of  the  itomAch. 
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stream  outward  io  all  directions  with  uneijoal  leogths.  They  arc  thickest  along 
the  lesser  curvature.  At  the  fundus  and  anterior  and  posterior  walls  there  are 
only  a  few  delicate  bundlei?  which  seem  to  pa^s  deeply  between  the  circular  fibres. 
The  substantial  loogitudinal  layer  is  united  at  the  pylorus,  where  it  is  firmly 
bound  to  the  serous  coat  and  wholly  covers  the  circular  layer.  To  this  layer 
belong  the  Ugameiita  pt/Iorira.  This  layer  passes  over  the  pylorus  to  the  duode- 
nal wall.  The  longitudinal  layer  stands  in  closest  relation  to  the  apertures  of 
the  stomach. 

Circular  M^res  cover  the  whole  length  of  the  stomach  in  nn  uninterrupted 
layer,  but  they  are  not  everywhere  collected  with  the  same  tliickness  and  strength 
(Fig.  028).  They  are  fewest  on 
the  fundus,  where  there  is  a  sort 
of  wliorl.  They  pass  along  the 
stomach  in  circles  at  right  angles 
to  its  axis,  ami  become  thickest 
at  the  pylorus,  where  they  form 
the  sphincter  pylorinus.  On  the 
margin  of  the  duodenum  they 
ab  ni  p  1 1  y  ceas  e .  A  bo  ve  t  h  e  y  se  em 
connected  with  the  circular  coat 
of  the  oesophagus.  By  this  set 
the  peristaltic  movements  of  the 
Btomiich  are  produced,  carrying 
the  contents  to  the  pyloric  end, 
where  is  experienced  a  strong 
compression  and  after  that  a  re- 
laxation of  the  antnim  pylori- 
cum  and  of  the  pylorus,  and 
then  the  longitudinal  fibres  can 
exercise  their  expulsive  strength 
on  the  whole  circumference. 

The  oblitptt'  fifit'f'it,  like  the  longitudinal,  form  an  imperfect  layer.  They  lie 
under  the  circular  layer,  and  are  thought  to  be  derivc<l  from  it.  They  can  best 
be  seen  when  the  stomach  is  turned  inside  out  and  the  mucous  membrane  is 
removed.  This  group  is  said  to  have  no  counter]*art  in  any  region  of  the  digest- 
ive tract.  They  are  not  believed  to  represent  the  ring  fibres  of  the  cesophagus. 
They  form  a  loose  layer  to  the  left  of  the  cardia  and  pass  superiorly  and  p€*ste- 
riorly  toward  the  greater  curvature.  The  upper  edge  of  these  fibres  forms  a 
raised  ligamentous  strip  on  either  side  of  the  lesser  curvature,  ybout  a  finger's 
hreudtb  below  tt;  this  goes  in  a  flat  curve  (seen  on  inner  surface  of  stomach)  from 
the  left  of  the  cardia  on  both  sides  toward  the  port  in  pyloricn.  At  the  apex  of 
the  fundus  and  toward  the  greater  curvature  the  fibres  grow  smaller  and  paler. 
The  bundles  are  apt  to  split  into  a  sort  of  wicker-work,  leaving  longitudinal 
clefts.  Delicate  fibres  run  from  these  to  the  subnmcosa  tjnd  to  the  cjJTtilar 
fibres. 

These  fibres  seem  able  to  bring  nearer  together  the  cardia  and  pylorus,  the 
greater  and  lesser  curvatures,  and  also  the  contiguous  surfaces  of  the  anterior 
and  posterior  walls,  resulting  in  the  function  of  the  pharyngeal  groove  in  rami* 
nants.  A  sort  of  half  canal  is  formed  along  the  lesser  curvature,  where  fluid 
could  be  sent  directly  from  cesophagus  to  pylorus  or  various  juices  could  be  sent 
in  the  opposite  direction. 

The  mihmUf'ouH  rout  consists  of  loose,  filamentous,  areolar  tissue,  connecting 
the  mucous  and  muscular  layers,  thus  allowing  free  movement  to  the  former.  It 
supports  the  blood-vessels  previous  to  their  distribution  to  the  mucous  membrane. 
The  rugae  of  the  stomach  involve  the  mucous  and  submucous  coats. 

The  mucf/us  membmn*'  is  thick,  its  surface  smooth,  soft,  and  velvety.  In  the 
fresh  state  it  is  of  a  pinkish  tinge  at  the  pyloric  end,  and  of  a  red  or  reddish- 


Fio.  fi2*4,— Musculaturi'  *if  the  stomach  from  within.  The 
stoiiittch  bus  heen  turned  iribkle  uiit.  Cjriular  and  oblique 
lihres,  (LiiseUka.)  1,  ^Ksophagua.  2.  Antnim  duodtini.  3.  Cir- 
cular flbrtifi.    4.  Oblique  tibres. 
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brown  color  over  the  rest  of  its  surface.  In  infancy  it  is  of  a  brighter  hue,  the 
vascular  rtninoss  being  more  marked.  It  h  thin  at  the  canliac  extremity,  but 
thicker  towjinl  the  pyk>ro8.  During  the  ctmtracted  Ptate  of  the  organ  it  is  thrown 
into  numerous  plaitsor  rugje,  which  for  the  most  part  have  a  b>iigitudinal  direc- 
tion,  and  are  most  marked  toward  the  lesser  end  of  the  stomach  and  along  the 
greater  curvature.  These  folds  are  entirely  obliterated  when  the  organ  becomes 
distended, 

iSfnu'tur*'  of  the  Macoiis  Membrane* — When  examined  with  a  lens  the  inner 
surface  of  the  mucous  membrane  preBents  a  peculifir  honeycomb  appearance, 
from  being  covered  with  small  shallow  depressions  or  alveoli  rtf  a  polygonal 
or  hexatjronal  form,  which  vary  from  j^  to  ^hr  ^^  ^^  ^^^^  ^°  diameter,  and 
are  separated  by  slightly  elevated  ridges.  In  the  bottom  of  the  alveoli  are 
seen  the  orifices  of  mintite  tubes,  the  t/fmtrie  Joflich-a,  which  are  situated 
perpendicularly  side  by  side  throughout  the  entire  substance  of  the  mucous  mem* 
brane. 

The  gastric  gbmds  are  of  two  kinds,  which  differ  from  each  other  in  structure. 
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Fm.  629.— Pyloric  gland. 


Fig,  630.— Peptff^  icrantrli   ulan.l. 


and  it  is  believed  also  in  the  nature  of  their  secretion.  Tbev  are  named  respectively 
pi/ fori*:  'dnd  pept it'  if hftifh.  They  are  both  tubuhir  in  character^  and  are  fonned  of 
a  delicate  basement  membrane,  supporting  epithelium.  The  basement  membrane 
consists  of  flattened  trans  pa  rt'nt  endothelial  cells,  with  processes  which  extend  and 
support  the  epithelium.  The  pf/lork*  f/hifuf»  (Fig.  629)  are  most  numerous  at  the 
pyloric  end  of  the  stomach,  and  from  this  fact  have  iTceived  their  name.  Tbev  were 
formerly  termed  mucous  glands,  and  were  supjmsed  to  secrete  mucus;  but,  as  Klein 
point.sout,  ''  the  cells  are  serous,  not  mucous,  and  the  secretion  nf  the  glands  cannot 
therefore  be  mucus.''  Tliey  consist  of"  two  or  three  short  elused  tubes  opening 
int^j  a  common  ditct,  the  external  orifice  of  which  is  situated  at  the  bottom  of  an 
alveolus.  The  cjecal  tubes  are  wavy,  and  are  ofj^bout  equal  length  with  the  duct. 
The  tubes  and  duct  are  lined  throughout  with  epithelium,  the  duct  being  lined 
by  columnar  cells  continuous  with  the  epithelium  Irning  the  surface  of  the  mucous 
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membniue  of  the  stomach,  the  tubes  with  shorter  and  more  cubical  cells,  which  are 
finely  gnioular.  The  peptte  fflamh  (Fig,  030)  ?ire  foiiml  nil  over  the  t^yrfiice  of  the 
stomaeh.  Like  the  pyloric  glands,  they  eimsist  of  a  duct  into  which  o]»eu  tw(^  or 
more  caeca!  tubes.  The  duct,  however,  iu  these  glands  is  shorter  than  in  the  other 
variety,  sometimes  not  amounting  to  more  than  one-sixth  of  the  whole  length  of 
the  gland  ;  it  is  lined  throughout  by  coiumnar  epithelium*  At  the  point  where 
the  terminal  tubes  o[ien  into  the  duet,  and  which  is  te lined  the  neck,  the  epithe- 
lium alters,  the  cells  becoming  much  shorter  and  o])a*jue:  the  luojcri  also  becomes 
suddenly  constricted,  and  is  continued  down  to  the  bottom  of  the  tubes  as  a  very 
fine  channel.  Here  also  are  found,  between  the  epithelium  and  the  basement 
membrane,  large  spheroidal,  coarsely  granular  cells,  which  were  formerly  termed 
prptic  celhj  and  which  produce  an  outward  bulging  of  the  basement  membrane. 
Thev  are  seen  throughout  the  remainder  of  the  tube  at  intervals,  and  give  it  a 
beaded  or  varicose  a(i  pea  ranee.  Below  the  neck  the  terminal  tubes,  in  addition 
to  these  isolated  spheroidal  cells,  are  occupied  with  finely  granular,  angular  cella 
(columnar,  Klein),  leaving  only  a  small  channel  in  the  centre.  They  are  continuous 
with  the  short  columnar  cells  of  the  neck,  and  are  termed  the  (wnfral  or  cku:f  eelh^ 
because  they  are  believed  to  be  principally  c-mccrned  in  the  seci^erion  of  the  gastric 
juice.  The  ]ieptic  cells,  which  were  formerly  sup|>osed  to  posst^ss  this  office,  ai^e 
now  termed  pdnetai  or  oj-f/ntir  cclh.  Between  the  glamls  the  mucous  membrane 
consists  of  a  connective  tissue  framework,  with  lymi>hoid  tissue.  In  places  this 
latter  tissue,  especially  in  early  life,  is  collected  into  little  masses,  which  to  a  cei*tain 
extent  resemble  the  solitary  glands  of  the  intestine,  and  are  by  some  terniLMl  the 
lentieular  glands  i>f  the  stomach.  They  are  not,  however,  so  distinctly  circum- 
scribed as  the  solitary  glunds.  The  epithelium  lining  the  mucous  membrane  ivf 
the  stomach  and  its  alveoli  is  of  the  coltiinnar  variety.  Beneath  the  mucous 
toembrane,  and  between  it  and  the  submucous  coat,  is  a  thin  stratum  of  involuntary 
muscular  fibre  {mugcularhtintt^ogfr)^  which  in  some  parts  consists  only  of  a  single 
longitudinal  layer ;  in  others,  of  two  layers,  an  inner,  circular,  and  an  outer^ 
longitudinjih 

Vessels  and  Nerves. — The  arteries  sup] dying  the  stomach  are — the  gastric,  the 
pyloric  and  right  gastro-ejiifdoic  hrajicbes  tif  the  hepatic,  the  left  gastro-epijdoic 
and  vasa  brevia  from  the  sj>lenic.  They  sujiply  the  muscidar  coat,  ramify  in  the 
submucous  coat,  and  are  finally  distributed  to  the  mucous  membrane.  The 
arrangement  of  the  vessels  in  the  mucous  membrane  is  somewhat  peculiar.  The  I 
arteries  break  up  at  the  base  of  the  gastric  tubules  juIai  a  plexus  of  fine  capillaries 
which  run  upward  between  the  tubules,  anastomosing  with  each  other,  and  endino- 
in  a  plexus  of  larger  capillaries,  which  surround  the  mouths  cd'  the  tubes  and  also 
form  hexagonal  meshes  around  ihe  alveidi.  From  these  latter  the  iy^/««  arise,  and 
pursue  a  straight  course  liackward  between  the  tubules,  to  the  submucous  tissue, 
and  terminate  cither  in  the  sjdenic  and  superior  mesenteric  veiiis  or  directlv  in 
the  portal  vein.  The  If/mphattt»  are  numerous;  they  consist  of  a  sujierficial  and 
deep  set,  which  pass  through  the  lymphatic  glands  found  along  the  two  curvatures 
of  the  org<an.  The  ttervfii  aw  the  terminal  branches  of  tlie  right  and  left  pneumo- 
gastric,  tlie  former  being  distributed  upon  the  back,  and  the  latter  upon  the  front 
part  of  the  organ.  A  great  number  of  branches  from  the  sympathetic  also  supply 
the  organ. 

Surgical  Anatom^r, — <>|>erations  on  the  stoamcli  are  frri|ueritly  perfonueri  By 
*' jtrai^troiouiy  "  is  nivmn  atj  imasiou  into  the  stuiuaeli  fur  the  reni<»viil  ai'  n  foreign  boily,  the 
opeairig  beiag  imm*fdiately  idb.Tvvanl  clnsed — in  roulradifitijHliua  to  "  j:fii?trcfstouiy/'  the 
laakiui^  of  a  more  or  les**  permanent  fis t a lo us  opening,  frajftroffmif/  iss  i>rubably  best  perft^nued 
by  an  incision  in  tlie  liuea  ulhu^  e.sneL*ially  if"  the  il«reign  biwly  i*^  lar^a%  by  a  rut  frouj  the 
ensiform  Ciirtilatre  to  the  unibilieus,  but  may  be  pertbnaeil  hy  aa  ineiniou  over  tlie  body  liseli] 
wht're.  this  can  be  felt,  nr  by  ont:  of  the  ineTsir^ns  liir  ^'astri»st<fniy,  to  he  mentioned  inimetJiately. 
The  peritonea!  i?avity  is  openetl,  aad  the  point  at  which  (lie  Ktuuiaeh  is  to  b<!  iuciscd  decided 
upon.  This  ptirtioa  is  then  bnmght  out  ol'  the  iibilouiiiiul  wound  ioid  siionges  earefidly 
}»aeked  around.  The  stornaeh  is  now  uiiened  by  a  transveri^e  ineisiou  and  the  foreign  body 
extracted.  The  wound  iu  the  stomach  is  then  closed  by  Lembert's  sutures — i.  e.  by  sutures 
1  through  the  jKiritoucal  and  umscalar  coats  in  such  a  way  ihat  the  peritoneal  sartaeefi 
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on  each  side  of  the  wound  are  brought  into  appositian,  and  in  this  way  the  wound  h 
closed!.  Gasfrmtomv  is  peHbnned  iiri  two  Pta>rt?s :  The  fii^^t  stii^^e  conslsti*  in  opening  the 
ix'ritoneal  cavity  and  stitcliin^  xlw  stuiiiiirh  to  the  uhfltrniinsd  w;dl.  Ttie  K'cund  stucc  con^Ji^Is  in 
ojK'iiint,'  the  atomtich  after  a  icw  days  \vi\v  eljtpsed  itnd  adii«'s'i<m,s  tV«rnR'd  biiwinu  the  perittnieal 
siu'tkcos  of  the  isJoinaeh  and  ahdoininal  wall  The  operaiiuii  is  iti-njdiy  piiihrtiied  hy  an 
uhhque  intMsion  about  one  fin i:er"s  h read tli  below  and  jiarulkl  with  the  niarcin  of  ihe 
left  t;ostal  cart ilaircs,  couinMi'Jielii^'' an  ineli  and  a  half  from  the  median  line  and  being  ab<»iit 
three  inches  in  kvngth.  Some  hurt^eon?^  prefer  a  straii^dit  Iijeisiun,  le^'ninliiL'  lipfK^site  to  the  , 
end  of  the  eiiihth  intereostul  space,  and  passimr  dnwii  for  three  inche8  over  tjie  Jteetus  iibdominis 
imiscle.  Ilie  skin,  faR'ia\  am]  luusi'les  am  to  Ix'  sevenilly  divided  duwn  to  the  ]>eritoneimi. 
Huwse  reconimend.H  that  the  sheat!i  of  the  Rectus  slioiild  beoj>ened  londtmlinuhy,  and  thcfibreji 
id' this  nius<--le  separtUeil,  and  nf^t  eut,  in  the  same  direetion,  »o  iL<  lo  secure  a  spbineterdike  action 
around  the  nptiiung.  After  the  peritoneum  lias  been  opened  the  stoinacli  is  reeo^'nized  by  ith 
pink-red  color  and  smooth  surface.  It  is  to  be  iiulled  uji  intii  the  wound  and  sutnred  to  the 
oneninfT.  This  may  he  done  in  several  wayn,  Irat  in  whatever  way  it  is  done  the  lollowinp  f)otntfl 
ghould  f>e  carefvdiy  attended  to:  (1 1  In  takint;  up  the  i^t^jmaeh  only  to  p:iKS  the  needle  ihnmpK 
tlie  seroas  and  muscular  coat j<,  and  a vuid  pum'turin.ir  the  mucous  mendjnine,  (2)  To  lake  up  ' 
plenty  of  the  niuscnlar  coat.  (.^)  In  pusslux  tlie  needle  throuifh  the  jmrietes  of  the  abdr>njen  !♦> 
be  careRd  to  include  the  parietal  peritoncnni.  (4)  To  en(^lose  a  circle  of  tin*  stomatdi  at  lea^l  ai* 
inch  in  diameter.  If  the  synijitmns  admit  of  it,  the  |>arls  are  now  tu  be  left  rpiiet  for  four  oi 
five  dayxH,  and  a  .small  ]»unetnrc  is  then  to  \^*e  made  thronirh  the  ex|»os<'d  [n^rtiiai  of  the  stomachy , 
and  a  ^um  elastic  catheter  pas^swl  tliron^h  it  into  tlte  viscui^,  throui^^h  whieh  fi\iid  can  he  i[»jecl(?4,i 
in  ismall  quantities  at  first.     In  more  urgent  ciuses  it  may  be  nccesstiry  to  make  the  ofiening  mueh 

Excision  of  the  pylorus  h;us  oecaiJionally  been  perfonue<l,  but  the  results  of  this  openit ion  are 
by  no  means  favorable,  ami  in  eajies  of  ean(*er  of  the  jiyloruji  gastDj-eut^^rostomy  is  generally  pre- 
feired.  The  ohjeet  of  this  operation  k  to  make  a  fistulous  coinmunication  between  the  stomachy 
on  the  cardiac  side  of  the  diseaiie^  and  t!ie  small  intestme,  im  high  up  as  is  possible. 


THE  INTESTINAL  CANAL. 

This,  in  the  form  of  a  curved  tube,  passes  uiiiiiterrnptedly  frotn  the  pylorus 
to  tht?  anus.  It  bas  a  remarkable  length  of  about  six  times  the  height  of  its  pus* 
sessor,  tbongh  in  the  adult  it  may  be  independent  of  the  age,  height,  or  weight. 
In  this  relation  man  stantls  midway  between  the  herbivores,  e.  g.  rabbit  with  very 
long  intestine,  and  carnivores^  e.  g.  lion,  whose  intestine  is  three  times  the  length 
of  its  Ijody.  There  is  some  evidence  to  prove  that  vegetarians  may  have  ti  longer 
intestine  than  those  living  on  a  mixed  or  a  Hesh  diet.  The  wall  of  the  intestine 
offers  throughout  a  serons,  muscular  and  mucous  coat  presenting  many  tnodifica* 
tions,  by  which  the  upper  four-tifths  is  distinguished  as  mnall  intmtine  and  the 
lower  fifth  as  large  inteatine. 

The  Small  Intestme. 

Bv  this  term  is  understood  the  part  of  the  alimentary  canal  extending  from 
the  pylorus  to  the  ileo-cf^cal  valve.  Its  average  length  is  about  8  metises  or 
(Luschka)  25  feet,  or  0  metres  longer  than  the  whole  body  ;  Treves  savs  22 i  feet, 
and  Quain  22  feet.  The  extremes  found  are  34  feet  and  H  feet.  Its  cireutnfer- 
ence  decreases  from  the  stomach  toward  the  large  intestine  from  12,8  cm.  to  9.5 
cm.  Its  capacity,  inflated  and  dried,  is  15  i>ints.  Tlie  wall  of  the  ileum  is  so  thiu 
and  translucent  that  a  newspajier  tiiay  be  read  through  it. 

The  small  intestine  is  divitled  into  three  parts: 

1.   Duodenum  (12-fmger  intestine); 

2*  Jejunum  (empty  intestine); 

8.   Ileum  (curved  or  twisted  intestine). 

The  Buodenuin. 

The  diiodemim  begins  at  the  sulcus  pylorietis  and  ends  at  the  duodi*nO'j**junai 
angle  or  flexurt\  where  it  beeonies  jejtmum.  It  was  named  by  Herophilus,  but  it 
possesses  neither  the  length  nor  the  breadth  of  twelve  fingers. 

A  better  name  won  Id  be  i/itestmut/i  panvrefiticiim  (Lusehka)  on  account  of  its 
intimate  relation  to  the  pancreas.  In  the  adult  male  its  axial  length  is  30  cm. 
(or  10-12  inches),  and  its  usual  circumference  12  or  13  cm.  (1.5  to  2  inches  iu 
diameter).     Authors  fail  to  agree  on  its  direction  and  form. 
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1.  Freneli  aurbors  give  three  portions,  ending  it  at  tlie  superior  mesenteric 
vessels;  superior  horizontal,  vertk'aK  and  inferior  horizontal  parts, 

2.  To  this  third  jiart  Heulc,  Kruu.se,  Qmiin,  ^\\\\  others  add  a  fourth  oblique 
part  ascending  from   right   to  left. 

3.  Lu,schka,  II is,  and  Braune  describe  an 
annular  form. 

4.  Cruvielhier,  Yonng,  and  Treves  describe 
a  fourth  portion  2  cm.  long,  coming  forward  at 
the  end  of  duodenum,  by  joining  tlie  dmnleno- 
jejunal  junction.  They  are  all  described  as  dif- 
ferent types,  of  which,  according  to  Jonnesco,* 
there  are  three. 

1,  Anmilar  or  eireuhir  (i/pt^  infantile; 

2.  U-shaped  tfWf\  1  i  i^  ■  •  r  i. 
Q  1/  I  1  y^  }  adult,  rare  m  infant 
t>.   y-maped  tifpi\  | 

{Figs,  6:32  and  633), 

The  typical  aunnhtr  form  is  always  found  in 

the  child  up  to  about   the  age  of  seven  (Fig. 

The  terminal  puint  of  this  variety  is  strongly 
fixed  to  the  left  side  of  the  first  lumbar  vertebra 
and  is  exactly  on  the  same  level  as  the  begin- 
ning of  the  duodenum,  and  hence  is  behind  the  stomach   (Fig,   634). 

Between  these  points,  the  one  fastened  by  the  muscle  of  Treitx  and  the  other 
h\  the  hepato-duodenal  ligament,  the  duodenum  describes  a  regular  curve  in  front 
of  the  vertebral  column.     This  ring  is  filled  and   its  margins  overlapped  by  the 


Fig,  631.— Annul&r  ducxleuuin. 
till*  type,  from  boy  of  threes  yeftw. 


In  fun ' 


Vem 


Aorta 


MitKle  qf  TVritz 


«5' 
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Fjo,  632.— DuiMk'iiTiTD  in  U-    f.romieftco,) 


Fio.  tiSS.—DuDdenuiu  in  V     (Jonneseo.) 


head  of  the  pancreas,  the  neck  of  which  is  limited  by  the  two  extremities  of  the 
ring. 

In  the  adult  this  type  raay  be  found,  but  the  terminal  poiut  does  not  usually 
attain  the  same  level  that  the  origin  has ;  it  is  pushed  back  more  to  the  left  as 
though  the  developing  neck  of  the  pancreas  had  forced  the  duodenal  ring  to  open 
more  widely  for  its  lodgment. 

Course  of  the  Adult  Duodenum,— Separated  from  the  pylorus  at  the  right  of 
the  upper  edge  of  the  first  himbar  vertebra  there  is  usually  at  first  a  bottle-shaped 
dilatation,  the  tifitntm  duudihL  The  clireetion  ni*  the  ft  rat  port  iff  n  clejjends  on  the 
condition  and  length  of  the  stomach  and  position  of  the  pylorus.  With  an  empty 
stomach  the  first  part  is  nearly  horizontal  aud  transverse.  With  a  distended 
etomaeh^  it  is  nearly  antero-posterior ;   its  distal  end  is  stationary  and  its  proxi- 

*  *' Annt.  tupograpliiqiJii  ilti  iltstxi^ntira,"  Joniiesci.i,  Paris,  18S9. 
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mal  end  is  not.  In  general,  it  ia  directed  upward  to  the  rigtit  and  backward 
under  the  ijuadrate  lobe  of  tbe  liver  and  curves  backward  under  the  neek  of  the 
gall-bladder  to  riuike  a  8har|^>  turn  to  tbo  right  surface  of  the  lumbar  column. 
This  is  the  initial  curve.  It  is  so  closely  related  to  the  liver  and  gall-bladder 
that  it  is  stained  by  bile  soon  after  death.  Behind  it  are  the  common  bile-duct, 
vena  portcs?,  and  gastro-duodenat  artery.  Behind  and  to  the  left  is  the  neck  of 
the  pancreas,  and  below,  the  head  of  the  pancreas.  Its  anterior  surface  and  a 
part  of  its  posterior  surface  near  the  pylorus  are  wholly  covered  by  peritoneum, 
derived  from  the  lig.  hej>situ-duodeuak\  The. length  of  this  portion  is  so  variable, 
^*two  inches"  (Quain),  *' often  aluiost  inappreciable"  (Jouuesco),  that  the  latter 
author  unites  it  and  the  curve  which  follows  it  under  one  name,  the  superior 
hepatic  t'tirve  of  the  duodenum  (Fig.  l334).     Placed  on  the  vena  cava  inferior  and 
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Fio.  6^1.— View  of  fljuMk-iiuiii  ftiid  Its  five  [wirts,  u,  b,  t,  d,  iind  e,  ftiid  pancreas.    The  part  of  fttonuioh 
reniuY4>*l  is  indicated  by  dt>ttt'd  lines.    (Teetut.) 


right  kidney,  it  next  descends  along  the  right  side  of  the  vertebral  column  a 
variftble  length,  usually  to  the  body  of  the  fourth  lumbar  verteljra,  starting  from 
the  right  side  of  the  first.  This  is  called  the  vertical^  descendimj^  or  meond  por- 
(ion.  It  is  three  or  four  inches  long  and  divided  into  two  parts,  aupracolic  and 
infraeoUc^  since  the  transverse  colou  crosses  its  mi  chile  third.  The  two  layei's  of 
transverse  mesocolon  (Fig.  679)  leave  an  interspace  uncovered  by  peritoneum 
where  the  approximated  surfaces  of  duodenum  and  transverse  colon  touch  except 
for  a  little  areolar  tissue.      Above  and  below  this  place  its  anterior  surface  and 
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sides  are  covered  with  peritoneum.  Above  it  is  in  contact  with  the  right  lobe  of 
the  liver,  leaving  its  "  inTpres-nion."  Posteriorly  there  is  no  peritoneum,  areolar 
tissue  connectin;^  it  witb  the  kidney,  vessels  at  its  hilus,  and  vena  eava.  The 
pancreatic  and  comraou  bile-ducts  open  into  its  postero-internal  wall  below  the 
middle.     The  head  of  the  pancreas  is  to  its  inner  side. 

Now  the  duodennm  changes  its  direction  and  passes  more  or  less  horizontally 
from  right  to  left  in  front  of  the  great  vessel-trunks  and  crura  of  the  diaphragm, 
moulding  itself  over  the  third  or  fourth  lumbar  vertebra.  This  is  the  trmnverHe 
or  pre-aortic  portion  and  is  two  or  three  inches  long.  The  head  of  the  pancreas 
is  above  it.  It  is  crossed  by  the  superior  mesenteric  vessels  and  mesentery.  Its 
anterior  surface  is  covered  by  the  peritoneum  of  the  mesentery,  but  is  separated 
from  it  when  the  superior  mesenteric  vessels  cross  it  from  above.  On  the  right 
its  posterior  surface  has  no  peritoneal  covering,  but  on  the  left  the  posterior  layer 
of  the  mesentery  may  be  prolonged  behind  it.  In  the  middle  line  this  pait  of 
the  duodenum  is  situated  at  the  point  of  divergence  of  the  two  layers  of  the  root 
of  the  mesentery  (Fig,  *306). 

Thence  the  dundenum  ascends  along  the  left  side  of  the  vertebral  column  and 
aorta,  touches  the  left  kidney,  lies  upon  the  left  crus  of  the  diaphragm*  and  ends 
at  the  left  side  of  the  second  or  first  lumbar  vertebra.  This  part  is  about  two 
inches  long  and  is  csilled  the  fourth  or  *iscendi/hj  portion. 

It  often  turns  nhruptly  forward  to  unite  with  the  jejnnam  and  form  the  duo- 
deno-jejunal  angle.  This  terminal  portion,  nbout  2  cm.  long  (less  than  one  inch), 
has  been  described  as  the  fourth  portion,  but  with  the  U-shaped  duodenum  it 
makes  the  fifth  portion. 

The  duodenum  begins  with  a  short  portion  looking  backward  and  ends  with  a 
short  portion  looking  forward. 

The  five  parts  are^ — 1.  Superior  hepatie  curve^  or  pars  superior  horizontalis.^ 
2.  Bescendimj  or  vertit'tt!  portion.  3.  Pre-aortic  or  transverse  portion.  4.  Aseend- 
iuf/  portion.     5.  Terminal  portion  to  form  (6)  the  dufMieno-JeJunal  angle. 

When  the  above  arrangement  is  complete,  the  duodenum  has  the  form  of  the 
letter  U,  considering  the  seconds  thirds  and  fourth  portions  (Figs,  632  and  I^M). 
When,  however,  the  descending  and  ascending  portions  unite  by  a  short  curve 
or  angle,  the  transverse  portion  is  practically  lacking,  and  the  duodenum  is  then 
V-shaped  (B^ig.  633).  The  angle  of  the  V  is  thrown  to  the  right  against  the  vena 
cava,  and  the  ascending  portion  crosses  the  abdominal  aorta  at  a  sharp  angle. 
The  U-shaped  duodenum  usually  descends  to  the  fruirth  lumbar  vertebra,  and 
seems  to  occur  in  fcrtal  life  wlien  the  ascending  colon  obstructs  the  way.  The 
y/shaped  duodenum  usually  descends  to  the  fifth  lumbar  vertebra,  and  occurs 
when  there  is  plenty  of  room  and  no  obstruction  by  the  descent  of  the  ascending 
colon. 

The  lengths  of  the  parts  vary  in  the  two  types  thus  (measured  from  fifteen 
subjects): 

nuodetnim— 
In  U.         UiV. 

Superior  corve .    ,  4  cm.        4  cm. 

DeHcendiiig  pr»rtion  .    ,    .    .    , .    .  lO.S  **         12    ** 

Pre-aortic  portion     .    ,    ,    . 9.5  **  2     " 

Ascending  portion    . 7     "        15J    ** 

31  31 


I 


Peritoneal  Eelations  of  the  Buodenum. — ^The  duodenirm  is  included  among  the 
extra-peritoneal  visctTfi.  In  tbe  fietus  it  is  completely  invested,  hiit  the  two 
layers  of  its  mesentery  have  been  separated  or  perhaps  appropriated  by  the  rapidly 
growing  kidneys,  and  its  posterior  eurfi^ice  has  adhered  to  the  posterior  abdominal 
wall.  Its  visceral  layer  has  become  parietal  peritoneum.  To  get  at  this  peri- 
toneum it  is  necessary,  on  the  cadaver,  to  practise  certain  manipulations:  to 
disclose  the  initial  superior  parts,  draw  tlie  hepatic  flexure  of  the  cohm  down  and 
to  the  left,  and  lift  up  the  anterior  margin  of  the  liver.     The  pylorus  and  supe- 
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rior  curve  of  the  duodenum  can  be  seeu  attached  to  the  liver  by  a  ligament  in 
which  can  be  felt  throe  cords,  the  Utf.  hepato'duodcnale^  and  to  the  gall-bladder 
y^a  simple  fokU  the  ilq.  t'l/gtico'tluodenale. 
|Uow  pull  toward  the  left  this  euperior  curve  of  the  duodenum,  and  a  deep 
ace  is  formed  bounded  above  by  the  right  lobe  of  the  liver.  Below  this  is  the 
right  kidoev,  and  to  the  loft  a  series  of  organs  all  bound  together  by  the  same 
layer  of  peritoueum.  The  peritoneum  covering  the  anterior  surface  of  the  right 
kidney  passes  from  right  to  left,  above,  tipoii  the  vena  cava  inferior,  thence  behind 
an  orifice,  foramen  of  Winslow,  into  a  large  cavity  which  cannot  be  seen,  the 
atrium  burs(r  ovtentalw  (Fig,  ij'^b).  As  this  layer  covers  the  vena  cava  it  passes 
to  the  posterior  surface  of  the  liver,  and  is  the  Ug,  Jtepato-renah,  A  little  lower 
than  this,  where  the  vein  is  covered  by  the  suj^erior  angle  of  the  duodenum,  the 
peritoneum  from  the  kidney  covers  the  right  and  anterior  surface  of  the  first  por- 
tion and  part  of  the  surface  of  the  descending  portion,  running  below  into  the 
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Fxa.  GSS.—Pedtoneail  relations  of  the  LiTur,  first  portion  of  duodenum,  und  ii^nlrancu  to  Uie  letter  1 
(LtuchkaL 

gastro-eolic  part  of  the  great  omentum.  Often  the  renal  peritoneum  passing  to 
the  first  part  of  duodenum  is  raised  into  a  folil,  from  the  summit  of  the  kidney  to 
the  summit  of  the  curve  of  llie  duodenum,  calletl  /?>/.  tltfodeito-renult}  (Huscbke). 
Finally,  still  lower,  where  the  hepatic  flexure  of  the  colon  crosses  about  the  mid- 
dle of  the  descending  duodenum,  the  renal  peritoneum  passes  directly  over  the 
hepatic  flexure  of  colon  and  fixes  it.  Three  organs  are  thus  bound  together  by  a 
continuous  layer,  liepatie  flexure  of  colon*  duodenum,  and  right  kidney.  In  other 
cases  the  hepatic  flexure  and  ascending  colon  present  a  mesentery  ;  here  the  renal 
peritoneum  loses  itself  on  the  right  leaf  of  this  mesentery,  which  now  covers  in 
the  desceuiling  duodenum.  To  see  another  side  of  the  descending  duodenum^ 
incise  the  two  anterior  layers  of  the  great  omentum  along  the  inner  side  of  the 
duodenum  and  upper  side  of  the  transverse  colon.  This  will  open  the  bursa 
omentalis  (Fig.  ^Uti),  The  large  peritoneal  snrl^ice  which  forms  the  posterior 
wall  of  this  sac  covers  the  pancreas  and  the  left  side  (»f  the  descending  duodenum. 
The  rest  of  the  duodenum  still  remains  concealed  under  thick  coverings.     To  S€ 
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tlie  transverse  and  ascending  portions  and  duodeno-jejunal  angle,  displace  the 
intestines  in  two  ways.  Seize  t!ie  lower  end  of  the  omentum  and  turn  it  and  the 
transverse  colon  uj>  over  the  idiest-wall ;  then  push  the  coils  of  the  small  intestine 
below  and  to  the  left.  There  is  now  uncovered  a  large  peritoneal  surface  formed 
above  by  the  lower  layer  of  the  transverse  mesocolon,  on  the  riffht  by  a  layer  of 
peritoneum  to  cover  the  ascendin^^  colon,  on  the  left  by  the  riglit  layer  of  the 
mesentery,  and  below  by  the  ileO'Cieeal  angle.  Shining  through  this  common 
layer  one  usually  perceives  a  part  of  the  duo<lenum,  its  inferior  angle  or  trans- 
verse  jiortion. 

Sometimes  none  of  it  can  be  seen  here;  that  means  a  low  duodenum,  and  in 
order  to  disclose  it,  turn  all  the  small  intestines  upw^ard  and  to  the  right  (Fig. 
613),  Then  one  sees  perhaps  a  portion  of  the  descending  part,  the  pre-aortic 
part,  and  always  the  ascending  part,  and  duodeno-jejunal  angle,  esca|Hng  from 
the  mesocolon.  It  has  been  noticed  that  when  the  transverse  colon  is  held  verti- 
cally up  above  the  body  (the  subject  being  supine)  the  transverse  mesocolon  forms 
a  horizontal  partition.  It  divides  the  peritoneal  cavity  into  two  chambers— a 
superior  gastro-spleno-hepatic,  and  an  inferior  intestinal.  The  ceiling  of  the 
u|»per  chamber  is  formed  by  the  diaphragm,  the  sides  by  the  inner  surface  of 
the  short  ribs,  and  the  floor  by  the  upper  layer  of  the  transverse  mesocolon. 
The  liver,  spleen,  and  stomach  form  its  contents.  The  inferior  chamber  is 
limited  above  by  the  lower  layer  of  the  transverse  mesocolon,  on  the  sides  by 
the  ascending  and  descending  colons,  below  by  the  iliac  fossa?,  while  the  middle 
of  this  floor  has  been  broken  open  to  allow  free  communication  between  abdomen 
and  pelvis.  This  chumher  contains  small  intestines.  The  duodenum  makes  a 
bas-relief  on  the  posterior  walls  of  these  two  stories.  The  superior  angle  and  a 
part  of  the  descending  portion  is  in  the  upper  one;  the  rest  of  the  descending 
portion,  all  the  pre-aortic  and  ascending  portion,  and  often  the  duodeno-jejnnal 
angle,  belong  to  the  inferior  story.  Sometimes  the  duodeno-jejunal  angle  is  in 
the  thickness  of  the  mesocolon  forming  the  partition. 

To  describe  the  duodenal  peritoneum  of  the  lower  chamber,  reverse  the  great 
omentum  as  betbre,  isnlate  the  mesentery  and  hold  it  tense,  then  follow  the  course 
of  its  two  layers.  The  left  layer  at  first  covers  the  part  of  the  duotlennm  situated 
to  the  left  of  this  mesentery  and  then  [jroceeds  to  lose  itself  bellow  in  the  right 
leaf  of  the  sigmoid  mesocoion,  pas.sing  over  the  inferior  mest-ntrric  vessels;  to 
the  left  it  is  continuous  with  the  left  prerenal  peritoneum  and  riglit  layer  of  peri- 
toneum covering  the  descending  colon  ;  farther  above,  this  layer  passes  over  the 
left  surface  of  the  duudeno-jejunal  angle  and  is  continued  into  the  inferior  layer 
of  the  transverse  mesocolon.  The  right  leaf  of  the  mesentery  covers  the  duode- 
num to  the  right  of  this  root  and  continues  to  cover  the  ascending  colon :  below 
it  covers  the  ileo-cjecal  angle.  Above,  it  passes  upon  the  inferior  layer  of  the 
transverse  mesocolon  and  on  the  right  surface  of  the  duodeno-jejunal  angle. 
Sometimes  the  two  leaves  of  the  mesentery  end>race  the  duodeno-jejunal  angle, 
and,  instead  of  iuimediately  reuniting  beyond,  they  leave  a  space  between,  form- 
ing the  orifice  of  the  duodeno-jejunal  fossa*  The  duodenum  is  crossed  by  two 
mesenteries,  the  second  portion  by  the  transverse  mesocolon,  and  the  third  or 
fourth  portion   by  the  root  of  the  mesentery. 

The  first  part  of  the  duodenum  is  almost  completely  covered  by  peritoneum 
derived  from  the  two  layers  of  tlic  lesser  omentum.  Only  a  part  of  its  posterior 
surface  near  the  vena  cavn  and  neck  of  the  gall-bladder  is  uiicovered.  The  supra- 
colic  part  of  the  desci-nding  portion  has  no  posterior  covering.  Its  right  and 
anterior  surface  are  covered  by  peritoneum  from  the  anterior  surface  of  the  right 
kidney  ;  its  left  side  is  covered  by  peritoneum  of  the  lesser  sac.  Next  on  its 
anterior  surface  is  a  non-serous  region  corresponding  to  the  interspace  between 
the  layers  of  the  transverse  mesocolon.  The  infracolic  part  of  the  seconil  portion 
is  covered  by  tht'  right  leaf  of  the  mesentery. 

A  part  of  the  pre-aortic  portion  has  only  an  anterior  covering  from  the  right 
leaf  of  the  mesentery.     Depending  on  the  position  of  the  radix  mesenterii  and 
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of  the  duodenum,  the  remaiaing  parts  would  be  covered  anteriorly  by  the  left 
leaf  of  mesentery  until  the  intestine  is  called  jejununi,  >vhen  it  is  wholly  invested 
by  meseutery, 

Tlie  different  layers  of  mesocolon  cannot  be  regarded  as  forming  any  covering 
in  the  above  list,  because  their  attachments  are  all  secondary. 

A  persistence  of  the  mesoduodenum  is  normal  in  many  animals,  abnormal 
in  man. 

Ligaments  of  the  Duodenum. 

These  are  peritoneal  folds  connecting  it  to  neighboring  viscera  or  to  the  poste* 
rior  abdominal  wnlL 

1.  Llg,  »UHpeHmrhini  duodenl  or  lig*  hepato-dnodnnah  is  the  right  edge  of  the 
lesser  omentunu  and  passes  from  tlie  hilus  of  the  liver  to  invest  by  two  layers  the 
first  portion  of  the  duodenum,  except  a  part  of  its  posterior  surface. 

2.  Lhj.  ri/«tieo-duo<Ienah\  from  the  neck  of  the  gall-bladder  to  the  superior 
curve  of  the  duodenum. 

8,  Lig.  duodetto-rfjiale,  triangular  in  form,  from  the  right  surface  of  the  supe- 
rinr  curve  of  the  duodenum  to  the  summit  of  the  right  kidney.  The  lig.  hepato* 
renale  is  posterior  to  this  one. 

4.  On  the  left  of  the  ascending  duodenum,  \Yhere  the  left  layer  of  the  mesen- 
tery runs  into  the  lower  layer  of  the  transverse  mesocolon  or  into  prerenal  peri- 
toneum, one  or  two  ligaments  may  limit  certain  fossie :  they  are  fig*  duodeno- 
mvmtudiau 

For  duodenal  fossa,  see  p.  994. 

Eolations  of  Buodenum. 

The  duodenum,  occupying  a  fixetl  position  against  the  posterior  abdominal 
walli  comes  into  relation  with  all  the  abdominal  organs  except  the  spleen,  which 
is  fixed  in  the  left  cupola  of  the  diaphragm.  We  may  describe  the  relations  with 
(1)  Movable  organs  of  the  abdominal  cavity,  (2)  Fixed  organs  of  the  posterior 
abdominal   wall,  (8)  Lumbar  skeleton. 

(1)  The  relation  with  movable  organs  can  he  determined  at  once  on  opening 
the  cavity.  The  Htfjmarli.  in  its  empty  state,  touches  by  its  antrum  pylori  the 
duodeno-jt^junal  angle  (Braune),  (Fig.  634).  This  occurs  behind  the  posterior 
vfM  of  the  storaaclj,  and  the  two  are  separated  by  the  transverse  mesocolon.  If 
the  stomach  he  distended  the  pylorus  is  deffectcd  farther  to  the   right,  and   the 

I  above  relation  is  lost. 

The  hepatic  Jlejvn'  of  the  eohm  passes  over  the  lower  part  of  tire  anterior 
surface  of  the  right  kidney,  and  the  beginning  of  the  tratinverse  coh>n  over  the 
middle  part  of  the  descending  duodenum,  as  we  have  seen.  The  movable  9maU 
intestines^  being  included  in  the  riug  of  the  cohjn,  cover  the  duodenum  as 
it  lies  in  the  lower  chamber,  and  so  render  it  ahuost  inaccessible. 

(2)  The  relations  with  fixed  organs  are  with  liver,  the  two  kidneys,  and  the 
pancreas.  The  first  antl  second  pi  ir  lions  are  related  to  the  liver  and  neek  of  gall - 
bladder.  An  impressio  duodeuaiis  is  not  always  made  on  the  quadrate  lube, 
although  the  first  part  of  the  duodenum  passes  under  it.  The  initial  curve  is 
fixed  at  the  inferior  vena  cava  and  neck  of  gall-bladder  where  the  peritoneum  is 
broken  and  the  investment  is  incomplete*  The  imprea^io  dnndenali^  is  on  the 
inferior  surfiice  of  the  right  lobe  to  the  right  of  the  gall-bladder,  to  the  left  of 
tlie  renal  impression,  and  behind  the  eoli**  impression. 

In  res  fleet  to  the  kidnegs,  not  all  authors  speak  of  the  left  as  being  related. 
Lusehka  has  always  found  the  ascending  <hn>denum  related  in  the  left  kidney,  as 
well  as  the  descending  duoileiuim  to  the  right  kidney,  but  the  two  duodenal 
parts  always  behave  differently  to  their  respective  kidneys. 

The  descending  duodenum  is  thrown  strongly  backw^ard  on  the  right  of  the 
lumbar  colunm,  and  immediately  meets  the  right  kidney  and  suprarenal  capsule  as 
they  all  leave  the  liver.     It  then  rests  on  the  inner  margin  of  the  anterior  surface 
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of  the  kklney  and  on  the  renal  vessels  at  the  hiliis.  Sometimes  it  only  abuta 
against  the  inner  margio,  not  covering  itn  surface  at  alh  This  is  thought  to  be 
due  to  a  changed  poi<itiou  of  kidney  and  not  of  ilnodenum.  The  adhesion  by  oon- 
nective  tissue  between  the  duodenum  and  kidney  is  especially  close  ^vhere  the 
hepatic  flexure  crosses  the  kidney  and  then  crosses  the  duodenum  as  transverse 
colon  (Fig,  636). 

In  case  the  duodenum  descends  very  low  to  the  fifth  lumbar  vertebra,  it  then 
borders  the  lower  extremity  of  tbe  kidney*     The  relations  of  the  ascending  por- 
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tion  with  tbe  left  kidney  are  mncb  more  variable.  A  light  traction  from  left 
to  right  displaces  them.  There  are  no  adhesions,  and  the  ascending  duodenum 
glides  jasily  over  the  subjacent  tissue. 

The  annular  or  the  U-sImped  duodenum  usually  overlies  tbe  inner  margin  of 
the  lower  third  or  half  of  the  left  kidney;  >vit!i  the  V-shaped  duodenum,  only  the 
ascending  portion  or  tbe  duodeno-jejunal  angle  may  touch  the  lower  part  of  its 
inner  margin.  UrrterH  and  uprntuttk-  rcanth  are  covered  on  tlie  two  sides  by  the 
dyodeoal  arch. 

Between  tbe  duodenum  and  jmncna^  there  exists  not  only  a  relation  of  con- 
tigiiity  but  one  of  continnity  of  tissue,  which  is  explained  by  the  duodenal  origin 
of  the  pancreas.  The  head  of  tbe  pancreas  fills  the  space  limited  by  the  diiode- 
nal  arch  and  then  escajies  as  the  neck  by  the  opening  of  tbe  intestinal  ring.  It  is 
to  be  noted  t!mt  the  head  is  always  proportional  in  extent  to  the  duodennm,  and 
assumes  the  form  allowed  by  that  intestine.  In  the  adult  the  bead  of  tbe  pancreas 
embraces  the  duodenum  much  as  the  parotid  gland  embraces  the  ramus  of  the 
lower  jaw.  It  advances  in  front  and  behind,  covering  about  one-half  of  the  cir- 
cumference of  the  intestinal  walU  generally  more  anteriorly  than  posteriorly. 

The  second  portion  is  much  more  enveloped  than  any  other.  I'nion  between 
the  intestine  and  pancreas  is  esttiblishcil  by  celbilo*fibrons  tissue,  by  pancreatico- 
duodenal vessels,  by  excretory  ducts,  and  perbups  by  longituilinal  mnscidar  fibres 
from  the  intestines  which  rnn  between  tbe  lobules  of  the  gland.  Verneuil  and 
Treitz  believe  tbe  duodenum  holds  the  pancreas  in  place  and  not  vice  versd. 

By  lifting  all  the  viscera  from  the  abdominal  cavity,  tbe  vertebral  column 
with  its  pn'Vt  rte^'nti  vt'Mtteh  are  disclosed  behind  the  duodenum.  There  is  the 
aorta,  often  a  little  to  the  left  of  the  median  line,  which  nearly  always  divides 
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at  the  fourth  lyrabar  vertebra  into  its  two  primitive  iliacs.  A  little  to  the  right 
is  the  inferior  vena  cava,  having  jii8t  received  the  two  common  iliac  veins.  It 
\i]m  receives,  hehinti  the  descending  and  a.scending  part  of  the  duodenum,  the 
renal  veins — the  right  un  the  level  of  the  lower  part  of  the  second  Inmbar  verte* 
bra,  and  the  left  a  little  higher  on  the  level  of  the  upper  part  of  the  same  vei'tebra, 
having  passed  in  front  of  the  aorta. 

The  superior  hepatic  curve  of  the  duodenum  rests  on  the  vena  cava  at  the 
first  lumbar  vertebra  right  side.  The  descending  portion  covers  about  the  two 
external  thirds  of  the  anterior  surface  of  the  vena  cava  and  the  right  renal 
vessels. 

The  horizontal  portion  of  the  duodenum  in  the  U-fonn  applies  itself  in  one 
part  to  the  vena  cava,  and  in  another  to  the  aorta,  and  sometimes  passes  over  the 
common  iliacs.  In  the  duodenum  in  the  V-fonn  the  inferior  angle  lies  upon  the 
vena  cava  to  the  right  of  the  aorta,  then  the  ascending  portion  crosses  the  aorta 
sharply,  from  right  to  left,  then  borders  it  on  the  left  and  crosses  the  left  renal 
vein  and  ends  in  the  duodeno-jejunal  angle. 

The  ascending  portion  in  the  U-form  runs  along  the  left  surface  of  the  aorta 
and  finally  over  the  left  renal  vein  as  the  above. 

(3)  Keiatioiis  to  the  Lumbar  i^ihimih — By  fixing  the  dnodemira  with  pins 
while  in  mtti^  Jonnesco  examined  thirty  subjects  and  found  that  the  first  portion 
of  the  duodenum  lies  to  the  right  of  the  first  lumbar  vertehra.  Its  pyloric  end 
in  the  median  line  is  on  the  level  of  the  inferior  extremity  of  this  vertebra,  and 
it  is  directed  up  to  the  right  and  backward  to  reach  the  upper  border  of  the 
same  vertebra. 

The  pre-aortic  portion,  or  inferior  angle,  reaches  a  variable  point;  in  children, 
the  superior  border  of  the  fourth  lumbar,  or  the  disk  between  it  ami  the  third. 
In  adults  with  the  duodenum  in  U-form,  this  pre-aortic  portion  moulds  itself 
over  the  convexity  of  the  fnorth  lumbar  vertebra  in  12  out  of  20  cases.  In  some 
cases  it  passes  over  the  fifth  vertebra.  In  the  duodenum  in  V-forni  the  inferior 
angle  applies  itself  most  often  to  the  right  of  the  column,  and  the  lower  border 
of  the  fourth  lumbar  vertebra,  in  />  out  of  8  cases.  Again  it  may  go  to  the  side 
of  the  fifth  lumbar  three  times  in  8  cases. 

There  may  be  three  types :  a  Itiffh  f/f/H\  correspomlin^  to  the  superior  border 
of  the  fourth,  or  articulation  between  it  and  the  third,  seen  in  the  child ;  middle 
t^/pey  to  the  body  of  the  fourth  hnubar;  low  f///^t',  to  the  body  of  the  fifth  lumbar, 
confined  almost  wholly  to  the  V-type. 

The  duoileno-jejiinal  angle  corresponds  to  the  left  of  the  vertebral  eolomn, 
may  be  to  the  first  lumbar  vertebra  (infantile  ty|>e),  or  to  the  second  (adiilt  type 
in  U  or  V).  In  the  first  case  the  angle  a}n>roacbes  the  median  line,  in  the  latter 
it  is  thrown  to  the  side  of  the  column. 

Relations  of  Duodeoum  in  Detail. 


Superior  Hepatic  Ourve,  First  Portion. 

Above  and  in  front  : 

Quadrate  lobe  of  liver; 
Neck  of  gall-bladder; 
Fonimen  of  Winslow; 
Hepatic  artery. 

£ehind : 

Common  bile-duct ; 

Yena  port;« ; 

Gastro*duodenal  artery  ; 

"\^ e u a  c a v a  in f e r i or  (at  summit  of  c u r ve)  ; 

First  lumbar  vertebra  (on  the  left). 
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Below : 

Neck  of  pancreas ; 
Head  of  pancreas. 

Descending,  or  Second  Portion. 

Anteriorly  : 

Right  lobe  of  liver  (impressio  duodenalis)  ; 

Right  end  of  transverse  colon ; 

Two  layers  of  transverse  mesocolon ; 

Small  intestine ; 

Right  leaf  of  mesentery. 

Posteriorly  : 

Right  kidney  and  suprarenal  capsule  (at  times) ; 

Structures  at  hilus ; 

Common  bile  and  pancreatic  ducts ; 

Vena  cava  inferior ; 

Spermatic  vessels. 

Internally  : 

Head  of  pancreas ; 

Pancreatico-duodenal  vessels ; 

Common  bile  and  pancreatic  ducts ; 

First,  second,  third,  fourth^  or  fifth  lumbaF.  vertebrae. 

Pre-aortic,  or  Third  Portion. 

Superiorly: 

Head  of  pancreas ; 
Superior  mesenteric  vessels. 

Anteriorly  : 

Root  of  mesentery ; 
Right  and  left  layers  of  mesentery ; 
Superior  mesenteric  vessels ; 
Small  intestine. 

Posteriorly  : 

Vena  cava  inferior ; 

Aorta ; 

Crura  of  diaphragm ; 

Third  or  fourth  lumbar  vertebra. 

Ascending,  or  Fourth  Portion. 

Anteriorly  : 

Antrum  pylori  (at  times) ; 

Transverse  colon ; 

Transverse  mesocolon  (lower  layer) ; 

Small  intestine; 

Left  layer  of  mesentery. 

Posteriorly  : 

Left  Psoas  muscle ; 
Left  renal  vessels ; 
Spermatic  vessels ; 
Lower  part  of  inner  edge  of  left  kidney. 
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Intermtlhf : 

Head  and  neck  of  pancreas ; 
Aorta ; 

Fourth,  tliird,  iituI  second  hi  in  liar  vertebrae; 
(Third,  second,  and  first  in  child). 

Terminal,  or  Fifth  Portion. 

Superiorly : 

Body  of  pancreas, 

Anteri'orh/ : 

Duodeno-jejunal  angle ; 
Left  layer  of  mesentery. 

Extcrnalhf  : 

Inner  margin  of  left  kidney. 

Means  of  Fixation. — Neither  peritoneal  adhef^ions  nor  peritoneal  ligaments 
really  ^\  an  organ  ;  if  the  latter  ever  doe.s,  it  is  beeansc  it  contains  vessels  and 
nerves  and  cellular  tissue  belweeti  its  layer.^. 

The  means  here  are — 1.  Biliary  and  pancreatic  ducts,  2.  Arteries  which  are 
the  conductors  and  support  of  fibro-nervous  tissue.  3.  Suspensory  muscle  of 
Treitz  supporting  the  duodeno-jejuniil  angle.  4.  A  cellular  fold  under  the  pan- 
creas.    (Treitx.) 

1.  The  duvta  of  the  two  glands,  common  bile-duet  and  the  pancreatic,  con- 
tribute to  the  fixation  of  the  duodenum,  yet  the  lig.  hepato-diiodenale  must 
render  service  in  resisting  a  downward  pull,  whereby  the  ducts  would  be  stretched 
and  tbeir  functions  disturbed. 

2.  Two  abdominal  nrteries  are  important  in  fixing  the  duodenum  to  the  poste- 
rior wall:  the  cadiac  axis  above  it  and  superior  mesenteric  above  and  in  front, 
which  have  retained  their  original  positions  of  ftetal  life.  There  is  a  complete 
anastomosis  or  artmai  circle  between  these  vessels,  connecting  the  posterior 
abdominal  wall  to  the  liver,  stomach,  pancreas,  duodenum^  and  spleen, 

3.  Fibro-nervous  investments  accompany  the  arterial  circle  formed  of  cellular 
tissue  and  sympathetic  nerve^plexuses.  They  have  two  roles:  first,  innervation 
of  the  vessels,  and  secondly,  support.  The  cfcliac  and  solar  plexuses  support  as 
one  the  duodenum  and  its  neighboring  organs  the  liver,  stomach,  and  pancreas. 

4.  3ffm'le  of  Treitz, 

In  1853  Treitz  described  a  muscle  running  from  the  dtioileno-jejunal  angle  to 
the  diaphragm.  Many  have  since  described  it  for  him.  If  the  beginning  of  the 
jejunum  be  pressed  down,  after  turning  up  the  stomach  and  transverse  colon,  a 
ridge  of  peritoneum  will  be  seen  to  extend  fr*>m  the  duodenojejunal  angle  up 
under  the  pancreas  to  the  left  crtis  of  the  ditiphragui.  This  ridge  is  called  the 
ligament  of  Treitz.     The  original  article*  reads  in  substance  thus — 

*'  Raise  the  haricrens  and  detach  it  fmm  the  diaidiraLnii.  Tlie  dmidetio  jejuiml  amrle  is 
8€en  attached  in  the  |Mjsterinr  alidoniiiial  wall  hy  a  musile  <Fig.  <>ri7^  This  mu.^li^  is  ^ujiill  iii»d 
trianirular  aud  rises  hy  its  ki»L'  tVuiu  tlR'  sujjenur  hordtT  of  the  diiwleno  jejunul  curve  «iud  from 
a  part  of  the  ii>«"eTidiair  diimleouai.  It  iias.*«es  tuward  the  aortic  orifiec  ot  the  ilinphragm  and 
tH^Eir  its  centre  eontinues  into  a  tendon  whieh  ix^comes  laore  narrow  and  lories  itt^lt"  in  the  ten- 
dinoas  tisstie  .siirroaiirling  the  i?n|ieTior  mesenteric  artery  and  e<elia<'  traak,  envelopiag  the 
gaa.Ldiii  and  nerve*<  ut'  the  coeliac  plexu.s.  By  traction  the^e  lihrons  luiiids  can  be  seen  ctmiiecte<i 
with  the  inaer  pillars  of  the  difiphrti^'m.  ;ind  eomtnonly  with  the  v\^\\l  lK>rder  urthe  *EaoiihaireaJ 
orifice*  All  subjects  po^^sess  it :  it  is  liest  tleveloped  in  mnst^ular  individuals  ami  with  ii  low- 
pkred  duodennm.  Its  teadoa  is  K5  mm.  lon^' ;  the  uiust^le  I  nua.  (hick.  As  to  its  funelioo, 
U  does  not  merit  t!ie  name  Levator  dniKleni ;  its  action  is  of  littlt-  importance  as  n  muscW;  it 
plays  the  role  of  u  Hiisjiensory  liiranicnt  twxA  rajulit  to  lie  <allLHl  Mtf>Ttiht^  ify/.<;>iv*j»<»-Hw  iiHtufeiuV* 

The  muscle  is  continuous  with  the  longitudinal  muscular  layer  of  the  duode* 
num  and  is  stronger  the  older  the  subject. 

^  Praffer  Viertefjahrtaackri/t^  185a,  8*  113. 
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Fio,fi37,-Miis^ole  of  Trt'ili,  The  larjfe  intei* 
lints  jejunum,  raefioiitery.  and  pancreoa  (ire 
removed.  iAfler  Treltr  In  Jonnosco,)  A  In* 
ferior  surfure  of  diaphragm.  E,  Posterior  sur- 
face of  stomach.  F,  Liver,  l^.  Spicellftti  lobe. 
Vb,  <ittll-bladder  and  duct.  VCi.  Vena  cava. 
Ac.  Di'liftc  ax  fa.  />?.  Ca^llac  plexus.  ADJ. 
Duodeiio-Jejuaal  angle.  .tf«.  Muacle  of  Trefts. 
MB.  Original  mesoduodenuiii. 


Treitx  indicates  a  cellular  membrane  (Fig.  637)  stretching  between  the  supe- 
rior mesenteric  artery  on  one  siJe,  the  pylorus,  duodenojejunal  angle,  and  con- 
cavity of  the  duodenum  on  the  other,  which  forms  a  floor  to  the  posterior  surface 
of  the  pancreas  and  represents  the  fcjetal  mes- 
entery of  the  duodenum.    He  says  on  account 
of  itstenuity  it  is  unable  to  offer  any  fixation. 

Sucli  are  tiie  means  of  fixation  in  general. 
The  duodenal  ring  is  fixed  in  all  its  length, 
but  unequally  ;  it  is  suspended  by  two  fixed 
extremities.  Its  superior  hepatic  angle  is 
fixed  by  the  total  of  organs  attached  to  the 
liver  and  by  the  thick  cellular  tissue  which 
fastens  it  to  the  inferior  vena  cava.  There 
are  also  the  structures  forming  the  Iiepatie 
pedicle,  artery,  duct,  and  portal  vein,  all  sur- 
rounded by  fibro-nervous  layers  and  all  united 
into  one  by  the  serous  membrane  forming  tbe 
lig,  hepato-duodenale.  Finally,  the  fibro-ner- 
vous tisi^ue  contained  in  tbe  lig,  cystico- 
duodena  I  e  serves  to  render  the  first  part  of 
the  duodenum  solid  to  tbe  liver.  The  liver 
is  fixed,  not  by  ]>eritoneal  folds,  as  is  com- 
monly said,  but  by  a  thick  cellular  tissue  and 
numerous  subhepatic  veins  emptying  into  the 
inferior  cava — nailed,  so  to  speak,  to  tbe  pos- 
terior abdominal  wall.  By  such  attacbnient 
to  the  vena  cava  and  liver,  the  superior  angle 
is  secure. 

The  duodeno-jejunal  angle  is  fixed  by  the 
muscle  and  ligament  of  Treitz.  When  this  angle  penetrates  t)»e  thickness  of  the 
transverse  mesocolon  its  fixation  is  still  more  assured.  The  branches  of  the  supe- 
rior mesenteric  artery  given  to  this  angle  reinforce  the  support.  More  than  tbe 
ends  of  the  duodenal  arch  must  be  supported  or  its  low^er  part  would,  separate 
from  the  posterior  abdominal  wall  and  come  forward  on  a  hinge-movement.  As 
long  as  nothing  presses  this  part  of  tbe  duodenum  backward  this  forward  move- 
ment does  occur,  as  in  early  human  embryos  or  in  case  of  a  mesoduodenum,  as  in 
many  animals. 

Normally  the  adult  human  duodenum  cannot  separate  from  the  posterior  wall, 
owing  to  many  agencies  which  come,  in  turn,  to  hold  it  down. 

The  descending  duodenum  is  fixed  to  the  inferior  vena  cava  and  right  kid- 
ney by  thick  cellular  tissue.  This  is  further  strengthened  by  the  hepatic 
flexure  and  transverse  coloUj  which  apjdy  themselves  directly  to  tbe  kidney  and 
duodenum. 

The  pre-aortic  portion  is  fixed  by  two  agents — (ii)  by  fibrous  tissue  between  it 
and  tbe  aorta  and  vena  cava  inferior ;  {h)  by  tbe  superior  mesenteric  artery  sur- 
rounded by  its  fibro-nervous  tissue,  wlach  forms  the  root  of  the  mesentery  and 
presses  this  part  of  the  duodenum  down  upon  the  aorta.  So  the  mesenteric 
artery  and  aorta,  passing  one  behind  the  other,  constitute  a  sort  of  vascular 
press,  lessening  the  calibre  to  what  may  be  called  tbe  isthmus  of  the.  duode- 
num. 

The  ascending  portion  is  much  less  fixed  than  any  otlier  part  to  the  jjosterior 
wall  and  left  kidney.  It  is  easily  displaced  from  left  to  right,  and  peritoneal 
covering  is  its  sole  agency  of  fixation. 

IlSjuumt'. — The  duodenal  ring  is  fixeil  against  tbe  posterior  abdominal  wall, 
or,  better,  against  the  fixed  organs  which  cover  it.  This  fixity  is  assured  in 
part  by  the  vascular  system  and  by  tbe  tibru-nervous  layers  connected,  and  in 
another  part  by  the  muscle  of  Treitz. 
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Jejimum  and  Ileum  {Tntegtimim  mesenteriale). 

Following  the  duodenum,  about  the  upper  two-fiftbs  of  the  remaining  sujall 
intestiiir  is  called  je^junum  iind  the  lower  three-fifths  ileum  There  is  no  uior- 
phologicul  line  of  distinction  between  these  two,  but  there  is  considerable  differ- 
ence between  the  beginning  of  the  jejunum  and  end  of  ileum.  The  diameter  of 
the  first  is  about  one  and  a  half  inches;  of  the  latter^  one  and  one-fonrth  inches; 
the  walls  of  the  jejunum  are  thicker  and  a  given  length  weighs  more  than  the 
same  of  the  ileum;  the  character  of  the  mncou8  membrane  and  of  the  contents 
markedly  changes,  but  very  gradually.  The  ileum  possesses  none  or  poorly- 
formed  valvuljE  conniventes.  The  jejunum  h  usually  in  the  umbilical  region  and 
left  iliac  fossa,  while  the  coils  of  the  ileum  are  more  on  the  right  side  and  right 
iliac  fossa  and  true  pelvis.  Both  these  parts  of  the  intestine  retain  the  mesenteni^ 
which  the  duodenom  does  not 

There  is  but  little  fuathn  to  the  loops  of  the  small  intestine;  the  mesentery 
allows  the  freest  motion.  Every  moment  the  coil  must  accommodute  itself  to 
changes  in  form  and  position  of  the  peritoneal  cavity  or  be  prepared  to  fill  some 
hole.  Contraction  of  the  diaphragm  and  abdominal  muscles,  the  tilling  and 
emptying  of  viscera,  presence  of  tumors,  position  of  body,  must  all  occasion 
changes  of  position  in  the  small  intestines.  With  this  great  motility,  no  definite 
shape  can  be  ascribed  for  the  coils»  hut  freipiently  the  upper  loops  of  the  jejunum 
are  transverse  and  the  hjwer  of  the  ileum  are  more  vertical. 

The  terminal  part  of  the  ileum  is  more  fixed  than  any  other,  as  its  mesentery 
passing  over  the  right  Psoas  muscle  is  very  short.  At  the  point  of  transition 
from  the  duodenum  to  the  jejunum  or  from  the  small  to  the  large  intestine  the 
various  fossje  have  been  noticed  (p.  994). 

The  viteiline  duct  comiug  from  the  original  convexity  of  the  intestinal  loop 
(Fig.  588)  may  persist  in  adult  life ;  it  is  then  called  MvekePs  di'virtieuiuTiK  It 
is  a  blind  intestine,  having  the  same  layers  as  the  ileum,  with  the  lumen  of  whieb 
it  directly  communicates.  It  is  two  or  three  inches  long  (one-half  to  seven 
inches),  and  rises  about  forty-three  inches  from  the  ileo-colic  junction  (from  one 
to  ten  feet);  originally  it  passes  toward  the  umbilicus,  but  usually  hangs  free  in 
the  cavity.  It  mjiy  he  connected  with  the  umbilicus  or  other  points  by  a  solid 
band,  which  attains  great  firmness  and  is  the  enlarged  remains  of  the  om[dmlo* 
mesenteric  vessels.  It  may  be  conical,  cylindrical,  or  hour-glass  in  shape.  It 
occurs  about  once  in  fifty  cases,  and  may  cause  surgical  eumplications. 

Structure  of  the  Wall  of  the  Small  Intestine.- — Like  the  stomach,  the  wall 
is  composed  of  four  layers,  serous,  muscular,  suhmucous,  and  mucous.  It  is 
much  thinner  than  that  of  the  stomach,  ooly  |— 1  mm.  thick. 

The  exttrmil  (yr  serous  coat  is  peritoneum,  which  surrounds  the  whole  of  the 
ileum  and  jejunum  except  along  the  little  interspace  left  at  the  meaenteric  border 
of  the  intestine.  Here  a  sort  of  linear  hilus  is  left  between  the  two  layers  where 
vessels,  nerves,  veins,  and  lymphatics  have  their  entrance  or  exit.  In  case  of 
the  duodenum,  each  part  is  covered  to  a  diHerent  degree. 

The  niUHcfflar  coat  consists  of  two  layers ;  as  usual  for  the  alimentary  canal, 
the  external  is  made  of  longitudinal  fibres,  and  the  internal  of  circular  fibres. 
The  longitudinal  fibres  are  best  developed  at  the  beginning  of  the  duodenum  and 
end  of  the  ileum,  and  are  here  closely  attached  to  the  serous  coat  They  are 
most  marked  on  the  free  border  of  the  intestine,  and  may  be  wholly  lacking  on 
the  mesenteric  attachment.  The  circular  set  is  three  times  thicker  than  the 
longitudinal,  and  consists  of  complete  musiular  rings  which  are  pressed  so  closely 
together  as  to  only  leave  clefts  for  the  passage  of  vessels  and  nerves  to  deeper 
parts.  This  double  coat  gets  thinner  helow,  is  pale,  and  made  of  unstriated  mus- 
cular tissue.     It  produces  permfahw,  hy  which  food  is  pushed  onward. 

The  mihniteoii^  roftt  acts  as  a  bed  for  the  mucosa,  is  connected  more  closely  with 
it  than  with  the  muscular  coat,  and  is  made  of  areolar  tis^ue.  Here  are  lymphatic 
vessels  and  nerve-plexuses,  and  the  blood-vessels  divide  up  for  the  mucosa* 
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The  mucous  ffMmftfOftff  is  thick,  red,  and  highly  vascular  at  the  upper  part 
of  the  intestine,  but  paler  and  thinner  below.  Its  inner  surface  is  shaggy  like 
velvet ;  this  is  due  to  the  presence  of  minute  processes  called  villi  Next  the 
flmbmiicous  coat  is  a  layer  of  uostriped  muscle  fibres,  the  museularm  rtuvconde. 
This  thin  layer  from  the  sheep  makes  the  *"  catgut  *'  of  commerce.  Internal  to 
this  is  a  quantity  of  retiform  tissue  contaming  goblet-cells  and  migratory  leuco- 
cytes supporting  tiibubir  glands;  blood-vessels,  nerves,  and  lacteals.  Most  inter- 
nally the  mucosa  is  covered  by  a  single  layer  of  columnar  epithelial  cells  resting 
upon  a  basement  membrane.  The  jirismatic  cells  contain  granular  protoplasm  1 
and  oval  nuclei.  The  free  ends  of  the  cells  are  invested  by  a  cutieular  zone  or  j 
hamhir  harder^  a  well-defined  l>an<i  exhibiting  a  fine  vertical  striation.  Some 
interpret  these  as  parallel  canals  for  absorption  of  chyle. 

The  mucous  membrane  presents  in  its  different  parts  the  following  structures; 

Valvulm  connimnte^  ; 


ViUi; 

Infest inal  true  glands 


f  Glmid^  of  Lieherkuhn  ; 
\  Gianth  of  Brunmr  ; 


Intestinal  Imnph-foiUehs  \  \'    ^     Fj    i    'j  n        »        ^  i 

^'    ^    •^  [  Agminated  glands^  or  Feger  s  patches* 

Vitlvuhr  eonnivi'ntes  (valves  of  Kerkring,  1670),  who  gave  the  incorrect  name, 
confutetitt's  {i'fmnivere^  to  close  tbe  eyelids)  (Fig.  638)  are  permanent  crescentic 
folds  of  mucous  membrane  and  submucosa ; 
each  contains  two  layers  of  mucous  mem- 
brane, placed  back  to  back  and  separated 
by  the  submucosa.  Tbey  contain  no  part 
of  the  muscular  coats,  and  are  not  obliter- 
ated by  distention  of  the  intestine-  They 
extend  transversely  across  the  axis  of  the 
tube  for  about  one-half  or  two-thirds  of  its 
circumference.  Some  form  comjilete  circles 
and  others  spirals;  the  spirals  rarely  may 


(BriDkiD  > 


-Oijigram  of  taIvuIk  oonniYenteB. 


ValvuUt  connivcntct 


Ckreuiar  mwcukir  coat 


LonQilwtinat  muAni/ar  roal  ^^^^ 


Fig  630 .—Lii>npiiu(i Inal  ■vectioo  of  hDnmn  small  lutestiDe  to  show  relattoDS  of  vilH,  valruls  comiirent^-i^ 

extend  two  or  three  times  around  the  internal  circumference.    This  is  of  interest, 
as  a  spiral  valve  is  the  characteristic  of  the  intestine  of  certain  fishes — c.  g*  the 
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shark  family.  The  large  folds  project  about  one-third  inch  int^  the  lumeD^  and 
often  connect  at  one  end  obliquely  with  a  smaller  fold.  Sometimes  a  valve  ter- 
minates abruptly,  or  it  bifurcates  at  one  or  both  ends.     They  are  so  close  that  in 

a  relaxed  condition  tlicy  cover  the  iutes-  \ 
tinal  aurface  like  roof-tiles.  These  valves 
are  most  abundant  in  the  duodenum  and 
jejunum ;  tliey  decrease  and  disappear  at 
the  lower  end  of  the  ileum.  Their  total 
number  is  800  or  900*  They  begin  with^ 
the  commencement  of  the  descending  duode-  * 
num,  there  being  usually  none  in  the  first 
portion.  Just  beyond  the  point  of  entrance 
of  the  bile  and  pancreatic  ducts  they  are 
very  largo  and  regular  and  closely  packed. 
About  two  feet  from  the  lower  end  of  the 
ileum  they  cease.  From  this  point  up  to 
the  middle  of  the  jejunum  they  are  indis- 
tinct and  irregular,  smaller,  and  farther 
apart.  TLey  are  seen  at  their  best  from  the  lower  part  of  the  descending  duode- 
num through  tlie  u|iper  half  of  the  jejunum.  Their  function  is  to  retard  the 
passage  of  food  and  to  aflbrd  an  extensive  absorptive  surface. 


LUiitrkukn 
Fio,  640.— SniaU   pnrtfon  of  mue<iui  mem 
bmne  of  the  sinaU  liiU\siliic.    (Riiylier.) 


Kl 


I 


ep 


FiQ.  eil.— magtmnimatlc  section  nf  a  vllltu*.    fWatiiey.)    ep,  Epltbellwni  only  partlaUy  fihaded  In.    t,  f^ej^ 
tral  chyle-vc'fwel :  the  cellB  forniinit  the  vessel  bave  Ih»iii  le^s  shuded  to  diKiiutrulsn  them  fmrn  the  f . " 
{Miivnchyiim  tf  the  \illufi.    m.  Mut^ck -litres  nmiiliii?  uji  hy  the  iiUh'  f«f  the  thyU -vessoL     It  will  t>e  ii- 
c'iieh  niusck^-iibre  \»  tturrtiumled  hy  the  reticulum,  und  bv  this  reiknihiin  the  miiMeles  are  rtttarh^jtl  t 
forming  the  membriKia  propria,  as  at  f',  or  to  the  rt^iienluni  of  the  villus-    k.  Lymph-^^urpufict 
h[(herii?al  nut'lbusftDd  a  eleiir  seotic  of  prol(5pIai>m.    t\  Upper  limit  of  thy  chvk^-vesiHd.    r^  r,  ^.  i  - 
ijiembrana  propria.    It  wUl  be  seen  that  thert?  isbardly  any  diDerenre  Ix^tween  the  teihs  of  li 
the  cnd*ithoUum  of  the  \tjtpcr  part  of  tlie  chyk*^- vessel  ♦  and  the  cell^  ijf  the  nietnbmnn  propria,   i .  \-i<  i  ti  \ 
t.  Bark  line  at  the  busc  of  the  epithelium  ffiraied  by  the  retieuhim.     II  will  be  soon  ihut  the  rotirtilum 
trateB  bi-tween  all  the  other  eleraents  of  the  viUus.    The  retieuhim  contains  thi*:kttninK«  or  "  nodul  |i«*l 


1^. 
jxne-  1 
Ints.' 


The  iiiat;^ram  Hhown  that  the  iMdls  of  the  upT*er  fmrt  of  the  villus  are  hirger  nndi  eontnin  a  larger  f.yM\^  o'f  prt>t<>- 
pla»m  thmi  those  of  the  hjwt.»r  purl.  The  cells  of  the  upper  part  of  the  ehyle-vt»8Bel  differ  AOtQCWhut  from  those 
of  Ibe  lowt^r  i»Hrt,  in  that  they  luore  ntnirly  resemble  the  cells  of  the  {Mirenehyina. 

Tbe  vHH  are  minute  vaaeular  processes^  eoti^istitig  entirely  of  tisauea  of  the 
mucosa,  projecting  from   every  part  of  the  inner  surface  of  the  email  intestine 
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over  the  valvulsie  conniventes  as  well  as  between  them  (Fig*  631:*).  They  give  to 
the  surface  its  velvety  appearance.  Between  the  bases  of  the  villi,  wherever  they 
are,  the  mouths  of  the  glands  of  Lieberkiihn  are  seen  (Figs.  640  and  642).  They 
are  largest  and  most  numerous  in  the  duodeninii  aud  jejunum,  resembling  the 
valvuhB  conniventes  in  distribution.  They  are  smaller  and  fewer  io  the  ileum, 
and  stop  abruptly  at  the  ileo-cteeal  orifice.  There  are  none  in  the  large  intestine. 
They  measure  ,5*  to  ,7  mm.  in  length,  and  are  present  to  the  number  of  about 
four 'millions  (Krause) ;  10  to  18  per  Sf^,  mm.  in  the  upper  intestine,  and  8  to  14 
to  the  same  space  in  the  ileum.  They  are  apt  to  be  leaf-sliaped  in  the  duode- 
num, tongue-shaped  in  the  jejunum,  and  JSliform  in  the  ileum. 

Structure  of  the  Villi  (Fig.  641). — The  siiucture  of  the  villi  has  been  studied 
recently  by  many  eminent  anatomists.  We  shall  here  follow  the  description  of 
Dr.  Watney/  whose  researches  have  a  most  important  hearing  on  the  physiology 


W — TAfmph  tr%mk, 


•"  CapHlariet. 


Smtitt  artery.''    "^  Lufmphatk  phxm. 

Fic.  W2.-VJU!  of  amaU  intestine.    (Cadlat.) 

of  that  which  is  the  peculiar  function  of  this  part  of  the  intestine,  the  absorp- 
tion of  fat. 

The  essential  parts  of  a  villus  are^the  lacteal  vessel,  the  blood-vessels,  the 
epithelium,  the  basement:  membrane  and  muscular  tissue  of  the  mucosa,  these 
structures  being  supported  and  held   together  by   retiform  lymphoid  tissue. 

These  structures  are  arranged  in  the  following  manner:  situated  in  the  centre 
of  the  villus  is  the  lacteal,  terminating  near  the  summit  in  a  blind  extremity; 
running  along  this  vessel  areunstriped  muscular  fibres  :  siirroMndirig  it  is  a  plexus, 
of  capillary  vessels,  the  whole  being  enclosed  by  a  basement  membrane,  supporting  ' 
columnar  ein'thelium.  Those  structures  which  are  contained  within  the  basement 
membrane^ — namely,  the  lacteal,  the  muscular  tissue,  and  the  blood-vessels — ^are 
surrounded  and  enclosed  by  a  delicate  reticulum  which  forms  the  matrix  of  the 
villus,  and  in  the  meshes  of  which  are  found  large  flattened  cells,  with  an  oval 
nucleus,  and,  in  smaller  numbers,  lymph-eorpuscles.  These  latter  are  to  he 
distinguished  from  the  larger  cells  of  the  villus  by  their  behavior  with  reagents,  by 
their  size,  and  by  the  shape  of  their  nucleus,  which  is  spherical.  Transitional 
forms,  however,  of  all  kinds  are  met  with  between  the  lymph-corpuscle  and  the 
proper  cells  of  the  villus. 

The  lacteals  are  in  some  cases  double,  and  in  some  animals  multiple.     Situated 

*  PhU.  Ti*aTis,f  voL  clivL  pt.  li. 
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in  the  axis  of  the  villi,  they  commence  bv  dilated  t^iecal  extremities  near  to,  but 
not  (juite  at,  the  summit  of  the  villus.  The  walls  are  composed  of  a  single  layer 
of  endothelial  celk.  the  interstitial  siibstauee  between  the  cells  being  continuous 
with  the  reticulum  of  the  matrix. 

The  mufivular  0reH  are  derived  from  the  muscularis  mucosas,  and  are  arranged 
in  bundles  around  the  lacteal  vessel,  extending  from  the  base  to  the  summit  of  the 
villus,  and  giving  off  laterally,  individual  muscle-cells,  which  are  enclosed  by  the 
retieukim,  and  by  it  are  attached  to  the  ba^semcnt  membrane. 

The  hhmi-vemeh  form  a  jdexys  between  the  lacteal  and  the  basement  mem- 
brane, and  are  enclosed  in  the  reticular  tissue;  in  the  interstices  of  the  capillary 
plexus,  which  they  form,  are  contained  the  cells  of  the  villus. 

These  structures  are  surrounded  by  the  basement  membrane,  which  is  made 
up  of  a  stratum  of  endothelial  cells,  and  upon  which  is  placed  a  layer  of  columnar 
epithelium.  The  reticulum  of  the  matrix  is  continuous  through  the  basement 
membrane  (thjit  is,  through  the  interstitial  substance  between  the  individual 
endothelial  cells)  with  the  interstitial  cement  substance  of  the  columnar  cells  on 
the  surface  of  the  villus.  Thns  we  are  enabled  to  trace  a  direct  continuity  between 
the  interior  of  the  lacteal  and  the  surface  of  the  villus  by  means  of  the  reticular 
tissue,  and  it  is  along  this  path  that,  according  to  Dr.  Watney,  the  chyle  passes 
in  the  process  of  absorption  by  the  villi.  That  is  to  say,  it  passes  through  the 
interstitial  substance  between  the  epithelium  cells,  through  the  interstitial  sub- 
stance of  the  basement  membrane,  the  reticulum  of  the  matrix,  and  the  interstitial 
substance  between  the  endothelial  plates  of  the  lacteal,  all  which  structures  have 
been  shown  to  be  contintious  with  one  anf)then  and,  being  probably  semifluid,  do 
not  offer  any  obstacle  to  the  passage  of  the  molecular  basis  of  the  chyle. 

Among  the  structures  of  the  intestinal  wall  called  ginnds  there  are  two  kinds 
— true  and  false;  tlie  latter  belong  to  the  lymphatic  system.  The  true  glands 
are  tbosc  of  Lieberkuhn  and  Brunner. 

The  foliivleSj  cryptM^  or  ghftnh  of  IJeberkiihn  (Figs,  643  and  644)  are  very 
numerous,  forming  an  almost  continuous  layer  of  tubu- 
lar depressions  throughout  the  intestines,  large  and 
small.  They  are  in  every  purt  of  the  small  intestine, 
opening  between  the  villi  {Figs.  640  and  642).  Their 
small  circular  mouths  may  be  seen  by  the  aid  of  a 
lens.  They  occupy  nearly  the  whole  depth  of  the 
mucosa,  are  upon  the  valvuhe  conniventes,  their  blin<l 
ends  approaching  nearly  perpendicularly  the  muscu- 
laris  mucosae.  They  consist  of  thin  ttibes,  whose 
walls  are  made  of  basement  membrane,  lined  by  the 
columnar  epithelium  from  the  free  surface.  Many 
of  these  cells  change  to  spherical  secreting  cells,  some 
of  which  become  goblet-cells  (Fig.  644).  They  are 
2  to  3  mm.  louir  and  about  .04  mm.   in  diameter. 


KiG.  648.— TTttiMVerse  aectlon 
of  cryptH  of  Licberki\bn.  ^Kleltt 
ftnd  Noble  Smith) 


Fto.  M4,— LoiiftitTiiHnnl  section  of  crypts  of  tJebcTkClhn.    tioblct-ceUs  seen  araonif  the  columnar  eplthellftl 
«n«.    (Klein  and  Noble  Smith,)  *^ 

The  ihioifenal  or  Brimner^  inlands  are  limited  to  the  duodenum  and  first  part 
of  the  jejunum.  They  are  most  numerous  in  the  first  jiart  of  the  duodenum, 
within  one  or  two  inches  of  the  pylorus.  They  are  small  comj>ound  tubular  glands^ 
consisting  of  a  number  of  tubular  alveoli  opening  into  a  slender  duct*  much  like 


THE  INTESTINAL    CANAL. 


1025 


the  ealivarj  glands  of  the  mouth,  which  are  more  compact-  They  are  probably 
direct  continuations  and  higlier  speeiitlizations  of  the  pyloric  glands.  They  are 
situated  in  the  8ubmu€0.sa  or  in  part  in  the  mueou&  membrane.  Their  dueta 
penetrate  the  muscutaris  mucosge,  pass  between  the  ghind:^  of  Liel^^rkdhn  and 
open  upon  the  inner  surface  of  the  intestine,  or  in  some  cases  into  the  bases  of 
the  crypts. 

The  mlitarff  glauth  (Fig.  645)  are  found  scattered  throughout  the  mucous 
raerabrane  of  the  small  intestine,  hut  are  most  numerous  in  the  lower  part  of  the 
ileum.  They  are  small,  round,  whitish  and  slightly  prominent  bodies  6  miu-  to 
3  mm.  in  diameter.  They  are  formed  on  the  mesenteric  as  well  as  free  border^ 
between  and  upon  the  valvuUe  eonniventes.  The  free  surface  of  the  follicle  may 
have  villi  upon  it,  but  at  the  centre  or  cupola  they  are  lacking.  Each  gland  is 
surrounded  irregularly  by  the  openings  of  the  glands  of  Lieberkuhn.  These  so- 
called  glands  have  a  structure  similar  to  that  of  a  lymph-noile,  consisting  of 
dense  ret i form  tis.sue  closely  packed  with  lymph-corpuscles,  and  jtermeated  by  fine 
capillaries.  They  have  no  ducts.  The  interspaces  of  the  retiform  tissue  are  con- 
tinuous with  larger  lymph-spaces  at  the  base  of  the  gland  by  which  they  commu- 
nicate with  the  lacteal  system,  or  they  may  even  hang  into  a  lacteal  sinus  which 
may  nearly  surround  the  nodule.  The  base  of  the  nodule  is  in  the  submucous 
tissue.  They  penetrate  the  muscularis  mucosaa  and  enter  the  mucous  membrane, 
where  they  form  slight  projections  of  its  epithelial  layer. 

Agminated  glands  or  Pei/ers  ghiftds  (1677)  may  be  regarded  as  aggregations 
of  the  solitary  glands,  forming  circular  or  oval  patches  (Fig,  646).  They  numl>er 
from  twenty  to  thirty,  and  vary  in  length  from  one-half  to  four  inches ;  in  width 
from  one  and  a  half  to  two  inches.  They  are  large^^t  and  most  numerous  in  the 
lower  two-thirds  of  the  ileum.     In  the  lower  part  of  the  jejunum  they  are  small 


Frc.  <M5.— Secllrkn  of  a  snUtury  glanrl  of  the  sniaU  InUiilliie. 
(Cadiat)  a.  SoliUirj'  fflond,  which  h&s  become  pHrtW  brokeu 
awa^.  6.  BpltheUum  of  cMiixda.  c,  <*.  Villi,  d,  Crj  pt  of  lieber- 
kdhn.    e,  e.  Muictilarls  mucu«s.  /.  Bubmucout  coat. 


Fro.  fi46.— Patch  of  P(?yer*8  glands  from 
the  UeuiD,  slightly  nia^-nitied*    (Boehm.) 


and  few  and  of  a  circular  form.  They  are  occasionally  seen  in  the  lower  duode- 
num. They  are  placed  lengthwise  to  the  intestine,  covering  that  portion  of  the 
tube  opposite  the  attachment  of  the  mesentery,  hence  to  see  them  well  open  the 
bowel  along  its  mesenteric  attachment. 

Each  patch  is  forme<l  of  a  group  of  lymph-nodes  which  are  similar  to  the  sol- 
itary glands  above  de,"^cribed.  Each  follicle  becomes  somewhat  pyramidal^  due  to 
pressure,  and  they  lose  much  of  their  individuality,  being  most  distinct  along  the 
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outer  boBiidary,    The  surface  of  a  patch  ia^  usually  free  from  villi;  it  is  aurroundec 
by  a  row  of  the  crypts  of  Lieberkiihn, 


,„^apiBary  netvyorJc. 


Large 


They  are  best  marked  in  young  subjects, 
where  as  many  as  45  have  been  observed; 
they  become  indistinct  in  middle  life  and 
even  disappear  in  old  age.  Their  resem* 
hlance  to  lymph-^j^hiiids  is  seen  in  any  in* 
feetious  disease  of  the  intestines,  especially 
in  typhoid  fever,  where  they  may  ulcerate 
and  perforate  to  the  peritoneal  cavity, 
causing  fatal  haemorrhage. 

They  have  a  large  vascular  supply 
which  forms  an  abundant  plexus  around 
each  follicle.  This  gives  off  fine  capil- 
laries, which,  supported  by  the  retiform 
tissue,  converge  toward  the  centre  (Fig, 
647).  The  lacteal  plexuses,  which  are 
abundant  throughout  the  small  intestine, 
are  especially  so  around  the  follicles  of  a 
Peyer's  patch,  often  forming  sinuseai 
around  them  (Fig.  648). 

Hemi  m  e ,  — The    v  a  1  v  u  Ite     con  n  i  v  en  t  es ' 
and  villi  are  most  abundant  in  the  upper 
part  of  the  small  intestine. 

Brunner's   glands  are  mostly  in   the 
duodenum. 

Solitary  glands  and  Peyer's  patches  are  most  abundant  in  the  lower  part  of 
the  small  intestine. 

The  crypts  of  Lieberkiihn  are  abumlant  in  both  large  and  small  intestines. 

The  large  intestine  possesses  the  crypts  of  Lieberkiibn  and  solitary  glands. 


Fio.  647.— Tmn* verse  section  tli rough  the  equato 
iimlidais«  of  three  of  Peyer's  foU  teles  from  the  rabbit. 


»H 


e'\ 


--^^4fii^\ 


i<s:^ 


Fio.  fi4a— Vertkal  section  of  one  of  Peyer's  pntcheff  fmm  man,  injected  throuph  it«  IvmphntCc?  CAnalB.    , 
VllH  with  their  chyle-pAssacen.    b,  FoUlieles  of  IJelK-rkyhii.    c,  Mufsi  iiltir  mtieosa^    d.  Cupola  or  ajx  x  of  f;oIit«r| 
glands,    f^  Mfsiiil  znrif  nf  jjhuhls    /.  Iin»o  of  j^'lnnds.    p,  PnJnts  i»f  *?xit  of  the  chyle- j»(t«siiffes  from  ihe  vlUi.  ad' 
entrance  into  the  true  mueaua  meitihnjtie.    A,  Kttifomi  nrrunK'LMiuiU  f>f  the  lymphaiirs  in  the  me^inl  xone. 
Course  of  the  Inttcr  fit  the  l>ftse  nf  tlie  ginnds.    k\  Conttueuctj  of  thii  lyiuphutica  opening  into  the  TesseU  of  t 
flubmucona  tbi-ue.    L  Follietilar  ti^^JiuG  i»t'  the  latttfr. 


Vessels  and  Nerrea  of  the  Small  Intestine. 

The  arteries  supplying  the  duodenom  are  the  pvloric,  the  superior  pancreatieo- 
duodenal,  from  the  gastro-duodenaU  all  of  which  come  from  the  hepatic,  and  thej 
inferior  pancreatieo-duodenab  from  the  superior  mesenteric.  I 

The  jejunum  and  ileum  are  supplied  by  the  superior  mesenteric  artery,  the 
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branches  of  which,  having  reached  the  attached  border  of  the  boweK  run  between 
the  serous  and  muscular  coat«,  witli  frequent  inosculations  to  the  free  bonier, 
where  they  aLso  anastoiuoge  with  other  branches  running  round  the  opposite  sur- 
face of  the  gut.  From  these  vessels  numerous  branches  are  given  off  which  pierce 
the  muscular  coat,  supplying  it  and  forming  an  intricate  plexu*  in  the  submucous 
tissue.  From  this  plexus  minute  vessels  pass  to  the  glands  and  villi  of  the  mucous 
membrane.  The  veins  have  a  similar  course  and  arrangement  to  the  arteries. 
Each  artery  has  mxly  one  vein.  The  Ijfmphatirs  of  (he  sitf^ill  i tit fst trie  (lacteals) 
are  those  of  the  mucous  membrane  and  those  of  the  muscular  coat.  The  lymph- 
atics of  the  villi  commence  in  these  structures  in  the  manner  described  above,  aud 
form  an  intricate  plexus  in  the  mucous  and  submucous  tissue,  being  joined  by  the 
lymphatics  from  the  lymph-spaces  at  the  bases  of  the  solitary  glands  (Fig.  648), 
and  from  this  pass  to  larger  vessels  at  the  mesenteric  border  of  the  gut.  The 
lymphatics  of  the  muscular  coats  are  situated  to  a  great  extent  between  the  two 
layers  of  muscular  fibres,  where  they  form  a  close  plexus,  and  throughout  their 
course  communicate  freely  with  the  lymphatics  from  the  mucous  membrane,  und 
empty  them.selves  in  the  same  manner  into  the  commencement  of  the  lacteal  ves- 
sels at  the  attached  border  of  the  gut* 

According  to  8appey  the  vessels  fi-om  a  villus  have  two  functions,  one  set  is  to 
carry  chyle  and  the  other  h^mph.  The  former  either  contains  chyle  only  or  is 
em]>ty.  After  the  vessels  have  ontereil  the  mesentery,  then  they  interchangeably 
carry  chyle  or  lymph.  The  m"rre»  of  tJie  small  infestuie  are  derived  from  the 
plexuses  of  sympathetic  nerves  around  the  superior  mesenteric  artery.  Those 
nerves  come  from  the  creliac  plexus,  the  semilunar  ganglia,  and  largely  from  the 
right  yagns  nerve.  From  this  source  they  run  to  a  plexus  of  nerves  and  ganglia 
situated  between  the  circular  and  longitudinal  muscular  fibres  (Auerhach'spjexus) 
from  which  the  nervous  branches  are  distributed  to  the  muscular  coats  of  the 
intestine.  From  this  plexus  a  secondary  plexus  is  derived  (Meissner's  plexus), 
which  is  formed  hy  branches  which  have  perforated  the  circular  muscular  fibres. 
This  plexus  lies  between  the  muscular  and  mucous  coats  of  the  intestine.  It  is 
also  gangliated,  and  from  it  the  ultimate  fibres  pass  to  the  muscularis  mucosae  aud 
to  the  mucous  membrane. 

The  Large  Intestine, 

The  large  intestine  extends  from  the  termination  of  the  ileum  to  the  anal 
orifice.  It  differs  from  the  smaU  intestine  in  its  larger  size,  more  fixed  position, 
saccular  form  and  appendices  epiploic!S3,  It  is  about  ^ve  or  six  feet  in  length  or 
one-fifth  that  of  the  whole  iutestinal  canal  (Sappey  1,68  m.).  Its  capacity  in 
moderate  distention  aveniges  tweuty-two  ounces  per  foot,  or  seven  and  a  half  to 
eight  pints  for  the  whole  length.  Its  circumference  decreases  from  beginning  to 
end,  except  at  the  ampulla  of  the  rectum ;  it  measures  28,5  cm.  at  its  widest 
part,  junction  of  colon  and  ciecum,  20.5  cm.  at  the  end  of  the  ascending  |»ortion, 
14.5  cm.  in  the  descending  portion.  Diameter  varies  from  two  and  a  half  inches 
to  less  than  one  inch.  By  accumulation  of  fkcal  matter  or  gas  the  colon  may  be 
distended  to  double  its  normal  size. 

Sometimes  in  the  fresh  body  of  a  robust  suicide  the  descending  colon  or  sig- 
moid flexure  or  even  j>art  of  transverse  colon  may  be  contracted  to  the  thickness 
of  a  thumb.  The  tube  is  hard  and  can  scarcely  he  opened  by  inflation.  It  is  not 
pathological,  as  coroners  say,  hut  a  high  degree  of  rigor  mortis,  which  will  dis- 
appear. In  the  greater  part  of  the  colon  its  external  surface  is  very  uneven  from 
the  presence  of  pouches  or  saccules,  protrusions  arranged  in  rows  of  three  columns. 
These  are  separated  by  three  ligamentous  tapes  about  the  width  of  the  little 
finger. 

In  its  course  the  large  intestine  describes  a  horseshoe-shaped  arch  which  sur- 
rounds the  convolutions  of  the  small  intestine.  It  begins  in  a  blind  sac  in  the 
right  iliac  fossa,  ascends  along  the  right  posterior  abdominal  wall  to  the  right 
hypochondrium,  where  it  is  in  contact  with  the  under  surface  of  the  liver.     It  here 
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bends  to  the  left,  and  takes  a  transverse  somewhat  ascending  course  to  the  spleea. 
In  the  left  hypocliondrimn  it  bonds  again  and  descends  along  the  left  posterior 
abdominal  wall  to  the  left  iliac  fossa,  then  becomes  convoluted  as  the  signioid 
flexure:  it  finally  enters  the  pelvis  and  descends  as  the  rectum  along  its  posterior 
wall  to  the  anus. 

There  are  to  be  distinguished,  then  : 

1.  Csecum  (intestinum  eiecum),  or  Caput  coli ; 

2.  Colon  ascendeus,  or  Right  colon; 

3.  Hepatic  flexure,  or  Flexura  coli  dextra; 

4.  Colon  transvensum  ; 

5.  Splenic  flexure,  or  Flcxwra  coli  sinistra ; 

6.  Colon  descendens,  or  Left  colon  ; 

7.  Flexura  sigmoidea  (Colon  sigmoideum),  or  S.  romanum. 

8.  Rectum  (intestinum  rectum). 


Stnicture  of  the  Large  Intestine. 

We  find  here  the  same  four  coats  which  have  been  seen  in  the  canal  above  : 
serous,  muscular,  subnjncous,  and  mucous. 

The  aeroits  coat  is  the  peritoneal  covering  investing  parts  of  the  large  intes- 
tine to  a  variable  extent. 

The  circum  is  comf>letely  invested.  The  ascending  and  descending  colons  in 
the  adult  have  usually  only  a  third  of  the  posterior  surface  left  biire.  It  is  s 
question  when  to  declare  the  folds  near  enough  to  call  them  a  mesocolon. 

Treves  says  a  mesocolon  may  be  expected  on  the  left  side  in  36  per  cent,  of 
all  cases,  on  the  right  side  in  26  per  cent. 

The  transverse  colon  is  almost  completely  invested,  having  a  proper  meso- 
colon ;  the  great  omentum  is  iittjicbed  to  its  anterior  surface. 

The  sigmoid  flexure  has  a  mesocolon,  and  the  uj>per  part  of  the  rectum  has  a 
mesorectum.  In  the  second  part  of  the  reettim  the  peritoneum  eovt^rs  its  ante- 
rior surface  and  parts  of  the  sides;  its  thinl  portion  loses  it  altogether.  The 
peritoneum  covering  the  internal  ts^nia  along  the  colon,  especially  the  transverse 
and  after  part,  is  thrown  int<i  many  external  pouches  containing  fat  in  well- 
nourished  peoj>le ;  they  are  called  appcmlft'tit  vpipiotetr,  or  frntri^ftiifi. 

The  miuscular  coat  consists  of  an  external  longitudinal  and  an  internal  circu- 
lar hiyer. 

The  ionffitudhia! fhres  are  partly  collected  into  three  flat  longitudinal  bands, 
each  abcHit  half  an  inch  wide  and  one  twenty-fifth  inch  thick.  They  are  found 
on  the  eteeum  and  colon  and  eafdi  is  called  lf\jtJmentuw  or  tamia  coli  Between 
these  bands  the  longitudinal  layer  is  present,  but  very  thin.  On  the  appendix 
the  layer  is  unifornk  These  bauds  spread  out  from  the  root  of  the  vermiform 
appendix  to  tlie  ciceiim.     Thence  they  can  be  traced  as  far  as  the  rectum,  where 

they  form  two  bundles.  The  posterior  band  passes 
along  the  mesenteric  attachment  of  the  intestine; 
another,  the  birgest,  runs  along  the  ttn tenor  border 
of  the  ascending  nud  descending  colons  and  on  the 
transverse  colon  corresponds  to  the  attachmeni  of 
the  great  omentum.  The  third  or  rnterttal  band 
runs  along  the  inner  borders  of  the  ascending  and 
descending  colons,  luit  becomes  inferior  on  the  trans- 
verse colon. 

The  three  bands  are  aliout  one-half  shorter  than 
the  real  walls  of  the  intestine  and  so  form  sarculi  or 
ha  list  ra  (buckets).  If  the  bands  be  dissected  away 
the  sacculi  will  he  wholly  effaced  and  the  colon  be- 
comes much  elongated  and  cylindrical.  The  transverse  constrictions  seen  on  the 
outside  of  the  intestine  between  the  sacculi  appear  on  the  inside  as  sharp  ridges 


PtiCQ  eigmoidea 


Matutrum 

Fig.   W9»— Cros8-aection    of   the 
colon.    (Gegeubaur) 
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wLich  separate  the  pouches,  cellulae,  or  haustra.  The  whole  projection  is  made 
up  of  all  the  coats  of  tlie  latest ine  und  is  called  the  plica  or  ralvula  signundea 
(Fig.  649).  A  valve  pa^ssen  between  two  tyenife  where  otherwise  a  transverse  fold 
would  exist.  Only  rarely  do  two  or  three  valves  lie  in  the  same  plane,  so  that 
tliey  woulil  be  in  position  to  effect  a  scissor-like  motion  and  cut  a  mass  of  fjecal 
matter  into  scybabi*  or  roimd  balls. 

The  t'lreular  fibres  fonu  a  thin  continuous  layer  and  are  especially  collected 
in  the  constrictions  between  the  saccnli.  In  the  rectum  they  form  the  Internal 
sphincter  muscle* 

The  »uhmuf-ou8  eoat  is  in  the  same  position  and  serves  the  same  purpose  as  in 
the  small  intestine. 

The  mutous  mfmhrane  is  pale,  smooth,  destitute  of  villi  and  raised  into  cres- 
centic  folds,  separating  tlie  pouches  and  corresponding  to  the  external  constric- 
tions separating  the  sacculi. 

As  in  the  smalt  intestine,  the  mucous  membrane  consists  of  a  muscular  layer, 
the  muscularis  mucosie ;  of  a  rpmntity  of  retiform  tissue,  in  which  the  vessels 
ramify;  of  a  basement  membrane  and  epithelium,  which  is  of  the  columnar 
variety  and  exactly  resemldes  the  epithelium  found  in  the  small  intestine.  The 
mucous  membrane  of  this  portion  of  the  bowel  presents  for  examination  crypts 
of  Lieberkiibu  and  solitary  glands. 

The  crifpts  of  LieherkUhn  are  tabular  prolongations  of  the  mucons  mem- 
brane, arranged  perpendicularly,  side  by  side,  over  its  entire  surface ;  tbey  are 
longer,  more  uuuieroiis,  and  placed  in  much  closer  apposition  than  those  of  the 
small  intestine,  and  they  open  by  minute  rounded  orifices  upon  the  surface,  giving 
it  a  cribriform  appearance. 

The  solitary  glands  (Fig.  650)  in  the  large  intestine  are  most  abundant  in 

Surfaett  qf  mncou*  memhmne^ 
with  opmfnffi  ofLitUrkiihn't 
foUiciet, 


L  ieberk^H**  fottidet* 


MuMcularit  mueoMtB  {two  toysrt). 


SubmneofitM  eonneefifv  Hsnu, 


Solitary  fftnud. 
Fig.  650.— Minute  Btmcturc  of  larjre  inte**Uiie. 

the  CfTeum  and  appendix  verm  (form  is^  but  are  irregularly  scattered  also  over  the 
rest  of  the  intestine.     They  are  similar  to  those  of  the  small  intestine. 

Tessels  and  Nerves* — The  arteries  s^upplying  tlie  large  intestine  give  off  large 
branches,  which  ramify  between  the  musctilar  coats,  supplying  them,  and,  after 
dividing  into  small  vessels  in  the  submucous  tissue,  pass  to  the  mucous  memhrane. 
Those  arteries  are  the  ileo-colic,  colica  dextra,  colica  media  from  the  superior 
mesenteric,  colica  sinistra  and  sigmoidea  from  the  inferior  mesenteric. 

The  lymphatic  vt^ssels  consist  of  two  layers  ;  the  deep  set  lie  under  the  glands 
of  Lieberkuhn,  and  the  superficial  forms  a  wide-meshed  network  which  penetrates 
the  submucosfi  in  all  directions.  The  lymphatics  of  the  ascending,  transverse,  and 
descending  colons  open  into  the  mesenteric  glands,  those  of  the  sigmoid  flexure 
into  the  lumbar  glands. 
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The  nerves  which  supply  the  caecum,  asceoding  and  right  hulf  of  the  trans- 
verse colon  are  sympathetic,  coming  from  the  nuperior  mesenteric  plexus  derived 
from  the  cojliac  plexus.  Those  ivhich  supply  the  left  half  of  the  transverse  co1od» 
the  descending  and  sigmoid  colon  come  from  the  inferior  niesenteric  plexus 
derived  from  the  aortic  plexus.     In  their  course  they  accompany  the  arteries. 

The  caBcum  (citeu^y  blind)  (Fig.  (353)  is  the  heatl  of  the  colon,  or  that  part,  of 
the  large  intestine  situated  lielow  the  ileo-eieeal  valve,  gotnc  s?ay  below  the  ileum. 
Its  length  and  breadth  are  never  eqwal,  tlie  breadtli  being  ahvays  the  greater. 
The  opinions  vary  thus — 

Averaj^c  length.  Average  tirt^ndth. 

Quain .  2}  inches  3  inches 

Berry     ,.,....,, 6   cdi.  7  cm, 

Treves  . 6     **  8    '* 

Slruthers  , ,    .    .  6     *^  6    " 

Lut^clika 4-12     ** 

Saj.pev 8=10    " 

Henle    , 5.5** 

The  discrepanciea  are  due  largely  to  methods  of  measurement.  Treves  takes 
as  the  upper  limit  of  the  caecum  the  lower  edge  of  the  ileum.  Berry  states  this 
fis  too  short,  and  the  upper  limit  of  capcuin  is  on  the  level  of  the  ilco-cieeal  valve, 
or  Struthers*  '*'' fnenal  furrows,"  which  are  continuations  of  the  ileo-ciecal  valve. 
If  these  furrows  cunnot  be  seen  externally,  take  as  the  upper  limit  an  "'  approxi- 
mation line/'  drawn  tnjnsversely  across  the  colon  from  a  point  midway  between 
the  tipper  and  lower  edges  of  the  ileum.  In  lOU  eases  this  gave  Berry's  figures, 
6  and  7  em,,  for  average  length  and  breadth.  '*Sex  has  no  influence  upoa  size, 
but  it  varies  with  age,  being  absolutely  and  relatively  larger  in  the  adult.  Caeca 
of  insane  persons  are  apt  to  be  abnorniul  "  (Berry), 

The  ca'cum  lies  in  the  rig)it  iliac  fossa  above  the  outer  half  of  Poupnrt's 
ligament,  its  point  being  at  about  the  middle,  immediately  behind  the  anterior 

• 
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Fio.  «61.— A,  Caecum  of  Mangabey  monkey.    E.  C»cum  of  npIdGr  monkey.    (Treves.) 


long 


abdominal  wall  in  front  of  the  ilto-psoas  muscle  (Fig.  578V     Sliould  it  be  Ic 
it  may  extend  more  or  less  into  the  pelvic  eavity  (Fig*  <^^>26). 

Many  statements  are  made  as  to  it«  peritoneal  relations.  Bardeleben  first 
stated  it  was  wholly  invented  by  peritoneum ;  Luschka,  Treves,  very  positively, 
Struthers  and  Jonnesco  all  agree.     Quain  states  that  in  5  per  cent,  of  cases  the 


Fio.  G52,— ji,  B,  C  D,  Ihur  typet  of  huraan  cstca.    (Treve*.) 

where  the  cfecum  is  short»  crmical,  and  broad  at  the  base,  with  its  apex  titrned 
up  and  in  toward  the  ileo-colic  junction  (Fig.  051,  A).  Tim  tyj)e  is  seen  early 
in  the  human  f(ctus.  Next  it  grows  in  length  more  than  in  breadth,  nnd  this 
type  is  seen  in  the  human  foetus  in  Fig,  *ir*l,  B.  As  devehipment  goes  on  the 
lower  part  of  the  tube  ceases  to  grow  and  the  upper  part  becomes  greatly  in- 
creased^  so  that  a  narrow  tube  is  formed  hanging  from  a  conical  projection.  '  The 
latter  is  the  Ciiecnm,  and  the  small  tube  the  vrrmffarm  appvmUx,  This  is  the  foetal 
or  infantile  type  (Fig.  652,  A),     It  may  persist  throughout  life.     Treves  found  it 
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in  adults  to  the  extent  of  2  per  cent*  The  caecum  is  conical,  and  the  appendix 
risea  from  its  apex  in  line  with  the  axis  of  the  colon.  The  three  longitudinal 
bands  of  the  colon  stiirt  at  the  root  of  the  fa^tal  appendix  about  eijuidistant^  and 
pass  up  over  the  cieciim  and  colon  as  describeil,  dividing  theni  into  three  rows  of 
sacculations.  The  second  type  (Fig,  602,  B)  has  subt^tituted  the  conical  caecum 
for  a  more  (joadrate  one.  The  appendix  is  in  the  centre  of  two  sacculi  of  equal 
size  instead  of  at  the  apex  of  a  cone.  There  is  an  e<[ual  extent  of  intestine  on 
each  side  of  the  anterior  band.  The  higher  apes  have  this  type — e,  g,  gibbon. 
In  the  human  subject  it  occurs  in  3  per  cent.  The  third  fi/pe  (Fig,  652,  C)  is 
the  normal  type  found  in  man.  The  walls  of  the  caecum  have  grown  at  unequal 
rates*  The  right  saccule  and  anterior  wall,  probably  due  to  better  blood-supplyji 
have  outstripped  the  left  saccule  and  posterior  wall.  The  appendix  still  rises 
from  the  true  apex,  the  three  bands  still  start  from  its  root,  but  they  are  all  now 
found  to  the  left  and  posteriorly  near  the  ileo-colie  junction,  A  new  or  false 
apex  has  appeared,  which  rerilly  is  the  exaggerated  convexity  of  the  right  sac- 
cule situated  between  the  anterior  and  postero-external  bands.  This  form  occurs 
in  90  per  cent.,  and  hence  is  of  great  surgical  importance,  as  it  simplifies  the 
location  of  the  appendix.  In  the  fourth  tjipe  the  condition  of  the  third  has  gone 
Btill  farther.  The  right  saccule  and  parts  to  the  right  of  the  anterior  hand  have 
excessive  development,  while  the  parts  to  the  left  of  the  band  are  atrophied. 
Here  the  anterior  band  runs  to  the  inferior  ungle  of  the  ileunu  while  the  capcum 
and  the  appendix  seem  to  rise  from  the  ileo-colie  junction  (Fig.  052,  />).  This 
occurs  in  4  or  5  per  cent. 

Berry  has  gone  over  the  same  work  and  obtained  nearly  the  same  percentages, 
proving  thiit  in  about  90  cases  out  of  100  the  base  of  the  appendix  bears  a  definite 
relationship  to  the  ileo-ciecal  junction, 

^^ometimes  the  cjoecura  is  small  and  insignificant,  may  he  enormous;  may  be 
rotated  so  the  ileiim  passes  behind  and  enters  on  the  right  side;  or  the  left  parta 
may  he  so  developed  that  the  ileum  enters  anteriorly. 

Vermiform  Appendix. — Starting  from  what  was  originally  the  apex  of  the 
tube,  the  inner  and  back  portion  of  the  caecum,  usually  L7  cm,  below  the 
ileo-colie  openings  is  a  famous  narrow  round  part  of  the  intestine  called  the 
ajijH'ndix  €<f'f'i\  or,  on  account  of  its  worm-like  appearance,  append ir  vermi~ 
Jornft»,  This  is  first  seen  low^  down  among  the  mammals,  in  the  marsupial 
group,  in  the  wombat.  No  sign  of  it  again  appears  till  the  ichneumon  and 
pig  are  reached,  but  not  then  is  it  a  proper  appendix.  It  is  next  seen  in  the 
lemurs  and  higher  apes,  as  chimpanzeCt  orang,  gibbon,  and  gorilla.  Finally  ia 
man  it  is  present  as  a  functionless  and  dangerous  structure.  Its  lengthy  aver- 
aged from  eleven  authors,  is#9,2  cm.  Its  extremes  are  1  to  9  inches,  or  3.1 
cm.  to  23  cm.  It  attains  its  greatest  length  between  the  twentieth  and  for- 
tieth years  (Berry).  Its  length  compared  to  that  of  the  large  intestine  is  1  to 
10  in  the  new-born,  and  1  to  20  in  the  adult.  There  is  no  relation  between 
size  of  ciecum  and  length  of  appendix.  Its  diameter  is  6  mm.  at  base  and  5 
mm.  at  apex. 

The  appendix  has  no  set  position.  Treves  considers  it  to  pass  most  frequently 
up  from  Itehind  the  Civcum  to  the  left  behind  the  ileum  and  mesentery  toward  the 
spleen.  Others  regard  this  position  as  nearly  abnormal.  Turner  of  Russia  finds 
it  hanging  into  the  true  pelvis  in  51  out  of  83  cases,  and  transversely  across  the 
promontory  in  20  more  of  those  cases. 

Berry  gives  order  of  frecjuency  as :  1.  Pelvic  position;  2.  Retro-caecal ;  3,  In- 
ternal ca^cal  (toward  spleen) ;  4.  Variable. 

The  order  of  frequency  found  in  this  country  by  J.  D.  Bryant*  was  most  j 
often  '*  inward,"  then  "'hehind  caecum/*  "'downward  and  inward,"  *'into  trae 
pelvis," 

The  explanation  of  an  up-turned  or  down-to rned  appendix  is  prohably  to  be 
Bought  in  foetal  life.     If  the  distal  end  of  the  appendix  gain  adhesions  with  the 

1  Ann,  Surg.,  vol.  17,  1893,  p.  164. 
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mesentery  or  abdominal  wall  when  it  is  still  liigh  up  beneath  the  liver,  the  ctecum 
will  Jrag  it  down  in  an  inverted  position.  If  no  such  adhesions  occur,  then  it 
will  deiicend  freely,  and  perbaps  dip  into  the  pelvis*  It  takes  a  somewhat  spiral 
form,  due  to  its  short  infsentery* 

Iiehitions  to  ececiun  have  been  noted  above  under  Ciipcum,  where  the  data  are 
quite  constant 

liddtioHH  to  the  anttfior  abdominal  wall  for  elinical  purposes  do  not  aLTee. 
Clado  draws  two  lines,  one  along  the  outer  edge  of  the  right  Keetus,  and  another 
connecting  the  anterior  superior  spines  of  the  ilia.  The  point  where  these  inter- 
sect Clado  uses  as  a  guide  to  the  base  of  the  appendix,  which  brings  it  into  the 
hypogastriuni.  McBurney  draws  an  imaginary  line  from  the  right  anterior  supe- 
rior spine  to  the  umbilicus.  Ilis  "'point"  is  situated  on  this  line  two  inclies  from 
the  spine.  This  is  used  as  a  guide  to  the  base  of  the  appendix.  This  point  is  in 
the  right  iliac  fossa. 

Relations  to  peritoneum  are  that  a  mesentery  is  always  present,  ijut  it  does 
not  e.Ktend  the  whole  length  of  the  tube,  leaving  the  distal  third  or  so  free  and 
completely  covered  by  peritoneum.  This  mem-appendix  is  triangular  and  comes 
from  the  left  leaf  of  the  mesentery,  an*!  contains  in  its  fold  the  posterior  branch 
of  the  ileo-ct^cal  artery,  which  is  derived  from  the  ileo-colic. 

Its  walla  present  tlie  same  layei*s  as  seen  in  the  colon,  and  its  whole  mucous 
membrane  is  closely  studied  with  solitary  glands.  It  is  usually  hollow  to  its 
extremity  and  its  lumen  communicates  with  the  caecum  by  a  small  orifice  often 
guarded  by  a  valve. 

(ierlach  in  1847  deserihed  a  '*  semilunar  fold  of  mueons  membrane  guarding 
the  appendico-csecal  orifiee/'  It  was  only  j")  to  1  mm.  high  and  was  si>  turned  as 
to  cause  retention  of  the  normal  secretion  in  tlie  appendix.  The  existence  of 
Gerlaeh's  valve  is  now  doubted.     It  is  inconstant  ancl  unimportant. 

There  is  usually  another  bigger  crescentic  fold  near  the  orifice  (Fig*  6»54),  but 
with  no  function  of  a  valve. 

According  to  Hihhert  and  Zuckerkandl  the  cavity  of  the  vermiform  appendix 
tends  to  undergo  obliteration,  not  as  a  pathological  process,  but  a  physiological 
one.  In  children  the  lymph-follicles  of  the  appendix  are  very  numerous  and  close. 
After  the  twentieth  or  thirtieth  year  it  is  normal  for  them  to  atrophy.  Oblitera- 
tion of  the  process  occurs  to  some  degree  in  99  cases  out  of  400  (25  per  cent.); 
total  obliteration  in  ^^Ji  per  cent.  (Ribbert).  Or  obliteration  occurred  in  -3.7  per 
cent. ;  total  obliteration  in  13.8  per  cent.,  and  partial  (distal  half  most  common) 
in  9.9  per  cent,  (Zuekerkiindl ).  It  never  occurs  in  new-born.  After  sixty  years 
of  age  more  than  half  are  obliterated.  It  occurs  more  often  in  a  short  process,  5 
to  6  cm.  long.  One  can  never  tell  by  macroscopic?  appearance  as  to  the  presence 
of  obliteration. 

The  pathology  seems  to  be  an  involution-change  in  a  function  less  organ. 
There  are  no  signs  of  inflammation  or  cicatrices.  As  a  first  step  there  is  atrophy 
of  the  mucous  membrane,  anil  its  glands  disappear.  The  submucosa  thickens  and 
accumulates  fat.  The  muscular  coat  is  either  unelianged  or  becomes  hypertro- 
phied.  The  adenoid  tissue  is  finally  lost.  There  are  four  authentic  cases  of 
absence  of  the  appendix.     For  the  fogm^  of  this  region  see  p*  997, 

The  Ileo-colic,  Ileo-cacal  valYe  or  YalTula  BauMiii. 

The  end  of  the  ileum  passes  obliquely  upward  and  to  the  right,  and  opens 
into  the  large  intestine  on  its  postero^internal  surface;  it  opens  upon  the  summit 
of  a  plica  sigmoidea  which  marks  the  junction  between  the  ctecum  and  ascending 
colon. 

This  orifice  appears  as  a  transversely  oblirjue  or  a  double  convex  slit.  It  is 
often  rounded  on  tlie  left  and  presents  a  sharp  apex  to  the  right  (Fig-  654).  It 
is  bounded  by  a  valve  having  two  semilunar  segments,  a  coiic  and  a  cr^cal  one, 
which  project  into  the  lumen  of  the  large  intestine.  The  upper  of  these  seg- 
ments is  more  horizontal,  the  lower  more  concave  and  longer.     At  each  end  thej 
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coalesce  and  are  prolonged  mXofr(^na  or  rctmacula  of  the  valve.     The  segments 
are  made  by  an  invagination  of  parts  of  the  wall  of  the  ileum  into  those  of  the 
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Fig.  fi53.— Ca?f  uui  and  vermiforni  appendix.  {Snp- 
pey,)  I.  Ileum.  2.  Orliitf  of  valve.  3,  Inf.  fif|j:mcTiL 
4.  i?urn  st-jsrinenl,  ft,  Ixing  miiiiciil»r  fibres  from  yeum. 
(3.  CiJl-d<*-s«c  of  oHc'iim.  7.  Ajijicndix.  8.  Pmi.  tcenla. 
9.  Int  tajnia.    10.  Aiu,  tivnla,    11,  SuccuIub, 


Fifl.  G.>4,— neocapcul  valve.  fPappey .)  I.  £<]ge  of 
eaniJi).  1'.  OriHi«  of  v«ilv*s  »,  Inf.  stjrment.  4.  iBup. 
sej^iit'Tit.  5  atifj  *j.  Fnt^iia,  7.  Appendix.  1^<  lUtnotitn, 
U.  .Semiluniir  fold.  10.  Fo«t  Uviiin,  11,  12,  12.  AnU 
ticnla.    13.  Int.  tienfa. 


colon  (Fig,  655). 


ati 


Each  segment  of  the  valve  consisti^  of  two  layers  of  nuicotis 
memhrune  eoutiiHied  around  the  free  border, 
one  from  the  nmall  intestine  and  one  from  the 
large,  inr! tiding  between  thvin  submueoKa  and 
eireiilor  mysciilar  iil>res ;  the  longitudinal  Bbres 
and  j»entonernii  are  continued  uu interruptedly 
across  from  one  intestine  to  the  other  and  do 
not  enter  their  comjjosition.  If  lhe.se  two  coats 
be  incised  and  traction  made  on  the  ileum,  these 
valves  can  be  nnfobled  and  drawn  out  of  the 
cnbin,  the  ileum  apjieariiiLr  to  open  into  the 
intestine  by  a  larfie  funnel-shaped  orifice.  The 
opposed  mucous  surfaces  of  the  scf^ments  look- 
lUfT  toward  tbe  ileum  are  covered  by  villi  and 
present  the  structure  of  the  small  intestine.  In 
foetal  life  the  other  two  surface8  possessed  villi 
too,  hut  l^y  birth  the  latter  have  disappeared. 
The  surfaces  turned  toward  the  large  intestine 
present  tlie  follicles  nnd  glands  of  Lieherkiihn 
peculiar  to  the  large  intestine. 

The  function  of  tlie  valve  is  to  prevent  re* 
gurgitation  of  intestinal  contents  back  into  the 
small  intestine.  When  the  cieeum  is  distended, 
the  segments  are  approximated.  They  act  even  in  the  cadaver,  proving  that 
muscular  action  is  not  essential.  When  in  an  experiment  water  was  injected 
into  the  colon,  not  a  drop  parsed  through  the  valve ;  when  the  pressure  was 
increased  to  a  height  of  two  or  three  metres  the  valves  did  not  yield,  bnt  the 
walla  ruptured.  In  intestinal  obstruction  there  is  evidence  of  a  return  of  eon- 
tents  fi'om  the  large  intestine.  This  is  probably  due  to  a  slow,  gradual  disten- 
tion of  the  waits  of  the  large  intestine,  and  hence  a  relative  insufllcieney  of  the 
valve.  High  enemata  may  pass  this  valve  in  two  out  of  three  cases,  but  such  a 
valve  is  regarded  as  imperfectly  developed  and  incompetent  from  the  first 
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Tliis  valve  has  been  named  after  nearly  all  tlie  following  men.  It  was  discovered  in  1573 
by  Viimlius.  wbo  «ilkd  it  an  op*:reuhtm.  Six  years  later  Baiibin  callecl  it  vnhjihi.  Fabricius 
in  ItH^  first  tried  Ita  function  by  insufflatiau.  Caitserins,  Tuljnu?.  and  liirtbol In  repeated  tbe 
exi>erimenta  Morgagni  in  171U  gave  tbe  best  deseriptjon,  Winalow  and  Albiuus  lulluwed 
him. 

Oolon. — As  in  tbe  cnecum,  tbe  outer  surface  of  the  colon  h  prismatic  and  tri- 
angular. Four  characteristics  arc  observed :  1,  Three  tjeni^  which  start  from 
the  root  of  the  appendix  ;  2.  Three  rows  of  sacculi  between  tbe  bands;  3.  Con- 
strictions which  separate  tbe  saccnli  of  each  row :  4.  Aj»pendices  epiploicoB, 
Tbe  internal  surface  has  a  reverse  conformation,  tbe  projections  between  the 
pouches  being  called  jflicfC  Sitpfwidt'w. 

The  ascending  colon  is  smaller  than  the  coecura,  with  wbicli  it  is  continuous, 
and  larger  than  the  transverse  colon.  It  is  very  short.  It  passes  up  through 
the  right  lumbar  region  into  tbe  right  hvpochondriiim  until  it  reaches  the  inferior 
surface  of  tbe  right  lobe  of  the  liver  to  the  rigbt  of  the  galhbladdcr,  the  impreEmo 
coliea.  It  is  retained  in  contact  with  the  posterior  abdominal  wall  by  peritoneum 
which  covers  its  anterior  surface  and  sides,  its  posterior  surface  being  connected 
by  loose  areolar  tissue  with  tlie  fascia  covering  the  Quadrates  hmiborum  and 
Transversalis  muscles,  and  with  the  front  of  tbe  lower  and  outer  part  of  tbe  right 
Icidney.  An  abscess  of  the  right  kidney  could  thus  break  through  into  tbe  liscend- 
ing  colon  and  not  wound  the  peritoneum.  It  is  in  relation  in  front  witli  the 
abdominal  wall  and  convolutions  of  tbe  ileum.  Sometinu^s  tbe  peritoneum  nearly 
surrounds  the  colon  and  forms  a  short  mesocolon.*  On  the  under  surface  of  the 
liver  in  the  region  of  tbe  gall-bladder,  tbe  ascending  colon  forms  a  sharp  angle 
from  the  posterior  abdominal  wall  to  the  front  and  tbe  leil,  becomes  somewhat 
superficial,  and  continues  into  tbe  transverse  colon.  This  is  tbe  hepatic  or  riffht 
colic  flex iire^  bound  to  the  under  surface  of  tbe  liver  by  the  //</,  ftepato-coUrum. 

Ihe  transverse  colon  is  tbe  longest  part  of  tbe  birge  intestine,  averaging 
twenty  inches,  while  the  ascending  colon  is  eight  inches,  and  tbe  descending, 
from  the  splenic  llexure  to  tbe  crest  of  tbe  ilium,  is  eight  and  a  half  inches.  It 
passes  from  the  hepatic  llexure  in  the  right  by|iochondrium  transversely  and 
slightly  upward  from  right  to  lefi  along  the  anterior  abdominal  wall  to  the  splenic 
fle.rurr  in  tbe  left  hypochondrium  (Fig.  626).  Since  the  colon  is  longer  than 
the  width  of  the  abdomen  it  descrihes  an  arch,  tranaverse  areh  of  the  cohm,,  with 
its  convexity  directed  downward  and  forward. 

It  is  the  most  movable  part  of  tbe  colon,  for  it  has  a  \^ry  long  mesentery, 
the  transverse  mesocolon^  which  allows  it  a  variable  position.  Its  usual  position 
corresponds  to  the  line  separating  the  umbilical  and  epigastric  regions.  In  four 
times  out  of  five  it  is  above  the  umbilicus.  It  is  in  relation  by  its  upper  surface 
with  the  under  surface  of  tbe  liver  and  gall-bladder,  greater  curvature  of  the 
stomach  and  lower  end  of  the  spleen ;  by  its  ntuler  surface  with  tbe  small  intes- 
tine ;  by  it.s  anterior  surface  with  the  great  omentum  and  abdonHnal  walls;  by 
its  posterior  mirface  with  the  transverse  mesocolon  ;  on  the  right  w  ith  the  second 
part  of  the  duodenum,  and  to  the  left  of  this  with  some  convolutions  of  the 
small  intestine.  If  this  colon  has  a  very  direct  and  obli(juely  ascending  course, 
the  greater  curvature  of  tbe  stomach  will  be  behind  its  left  portion. 

In  some  cases  the  transverse  colon  may  present  a  V-  or  U-shaped  bend  de- 
ficending  as  far  as  the  pubes.  These  bends  are  always  downward,  abrupt,  and 
angular.  Treves  thinks  they  are  due  to  habitual  distention  or  to  congenital 
causes  (Fig.  656).     They  are  normal   in   many   animals. 

Tbe  descending  colon  is  continuous  with  the  transverse  by  the  splefiic  flexure^ 

^  Mr.  Treves  staler  thatt  afler  a  careful  exaiitSnttlkni  tif  one  Imntired  siihjedK,  lie  found  that  in 
fifty-twfj  there  was  neidjt?r  an  aMrending  nor  a  drsif  ndiii>f  mesotxilon.  In  twenty-two  there  was  a 
descending  meooeol on,  but  no  trace  of  a  corri.'spontlint;  fold  on  tlie  other  mla.  In  fourteen  subjects 
there  was  a  mesocolon  to  both  the  ascendiiijar  and  the  deseemling  setjnitints  of  the  boweb  while  in  the 
remaininij  twelve  there  was  an  Jiscending  mesot^jlon,  hut  no  corre8pon(ling  fold  on  the  left  iiide.  It 
follows,  therefore,  llmt  in  (lerforminf;  Innihar  eolotumy  a  rnesoeolon  may  he  exj>ecte<l  upon  the  left 
aide  in  3ti  per  cent,  of  all  cjises,  and  on  the  right  in  20  i>er  cent.  ( Th^  Anatiimy  o;"  the.  Inttfitinai  Onaii 
and  Ferikmeum  m  Man,  1S85,  p,  55.) 
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The  rectTim  con!3titutes  the  terminal  portion  of  tbe  intestinal  tube.  It  received 
its  name  inU'Mintnn  reefum  from  its  straight  course  in  animals.  In  the  human 
subject  its  course  is  nearly  vertical,  hut  it  presents  four  curves  and  should  be 
called  intent ffutm  curvufn  (Lisfrunc). 

The  ancient  and  inurh-uopied  method  of  description  divides  it  into  three 
parts.  We  hesitsite  to  introduce  a  change  in  old  nomenclature,  but  will  mentioa 
those  proposed  and  allow  the  reader  to  make  his  choice, 

Treves  in  1885  called  attention  to  the  fact  that  there  was  no  demarcation  be* 
tween  the  sigmoid  tlexure  and  the  firi?t  part  of  tlie  rectum  at  the  brim  of  the  pelvis. 
So  he  concludes  the  intestines  should  he  culled  sigmoid  tlexure  until  the  mesocolon 
is  lost,  /.  e.  until  it  reaches  the  third  sacral  vertebra.  This  rectam,  therefore, 
has  the  two  lower  parts  of  the  tliree  usually  described  and  no  mesorectum.  Cun- 
ninghnm  and  Quain  take  for  the  rectum  the  upper  two  of  the  three  usually 
described,  the  third  being  regarded  as  a  separate  part  called  ^nal  canaL 

The  reetum  in  three  parti*  is  situated  in  the  pelvic  cavity  and  on  its  floor.  It 
is  attached  to  its  posterior  wait,  whose  curve  it  follows.     Its  inferior  limit  is  a 

circular  line  separating  the  skin 
from  the  mucous  membrane — tbe 
anai  orifice.  Its  superior  limit  can- 
not be  determined  precisely ;  it  ist 
continuous  with  the  sigmoid  flexure, 
but  there  is  only  an  arbitnirv  line 
of  demarcation.  Tltis  is  the  pelvic 
brim,  most  usinilly  opposite  the  left 
saero-iliac  articulation,  t^uite  often 
the  sacro- vertebral  angle,  or  rarely 
on  the  right  of  the  base  of  the 
sacrum.  Sufieriorly.  it  is  united  to 
the  sucrtim  by  a  fohl  of  peritoneum, 
the  memrectum.  Lower  down  the 
peritoneum  only  covers  the  side* 
and  front,  much  as  in  the  case  of 
tlie  descending  duodenum  (Fig. 
(Jr>7).  Still  lower  down,  at  a  height 
of  about  one  inch  above  the  prostate 
glauil,  it  entirely  abandons  the  rec- 
tum and  is  reflected  upon  the  neigh- 
boring organs,  making,  according  ta 
sex,  the  recto*vesical  poueh  or  the 
recto- vaginal  and  recto-uterine.  The 
height  of  the  recto*vesiciil  poueh  in 
the  male  is  never  more  than  8  cm. 
above  the  anus.  The  height  of  the 
recto- vaginal  in  the  female  is  always 
less,  about  0  cm.  The  length  of  the 
rectum,  measured  along  its  anterior 
wall  (in  the  body),  is  18  to  22  em., 
or  about  eight  inches.  Outside  the 
body  it  measures  25  cm.  The  caUbre 
varies  according  to  circumstances. 
When  empty  it  is  less  tlian  that  of  the  other  portions  of  the  large  intestine. 
When  it  contains  a  certain  amount  of  fjeeal  matter  its  middle  portion  is  more  or 
less  dilated,  but  not  to  the  size  of  the  ctrcum.  The  calibre  of  the  remainder,  in 
general,  is  not  circular.  In  the  lower  fjart  of  the  rectum  it  presents  a  transverse 
slit,  and  the  anterior  and  posterior  walls  lie  upon  each  other,  mainly  from  tbe 
pressure  of  the  anterior  organs  forcing  the  rectum  back  on  the  sacrum  and 
coccyx.     Just  at   the  turn   of  the  rectum   into   its  third  portion,  and  especially 
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marked  anteriorly  at  tlie  apex  of  the  prostate,  is  the  largest  part,  the  ampulla 

of  tiie  rectum. 

The  lowest  in  eh  of  the  rectuiiu  tlie  anal  eanah  is  an  autero-posterior  slit,  the 
lateral  walls  resting  on  each  other  (Fig,  658).  In  putbolugical  eases  the  calibre 
may  be  so  distended  as  to  occupy  tb© 
whole  pelvis. 

The  direetioH  of  the  rectum,  starting 
usual iy  from  the  left  of  the  bai^e  of  the  sn- 
criHu,  is  obliquely  downward,  backward, 
and  to  the  ri^ht.  When  it  comes  to  the 
level  of  the  third  sacral  vertebra  it  ha^ 
reached  the  middle  line.  It  now  passes  tbat 
line  a  little  and  runs  along  the  right  lat- 
eral part  of  the  fourth  sacral  vertebra. 
It  again  returns  to  the  middle  line  at 
about  the  sacro-coccygeal  junction  anil 
parses  downward  and  forward,  and  may 
cross  it  a  second  time  till  it  reaches  the 
level  of  a  transverse  line  di-awn  between 
the  anterior  parts*  of  the  ischial  tuberos- 
ities. This  point  is  also  of»posite  tlie 
apex  of  the  prostate  glantl  (Fig^  fitiT). 
This  point  is  not  opposite  the  lower  end 
of  the  coccyx,  as  often  stated,  but  fully 
one  inch  below  that. 

Sappey  thus  descrilies  two  lateral 
curvi%  and,  with  two  a ntero- posterior 
curves,  makes  four  altogethLT,  The 
first  turn  of  the  rectum  from  left  to 
right  he  does  not  consider  a  curve.  The  lateral  curves  are  of  little  importance, 
and  run  into  each  other.  The  firifit  is  the  more  pronounced,  and  corresponds  to 
the  junction  of  the  third  and  fourth  pieces  of  the  sacrum,  with  its  concavity  to 
the  left.  The  second  corresponds  to  the  sacro-eoccygeal  junction,  with  its  con- 
cavity to  the  right.  They  are  best  seen  with  an  empty  rectum,  and  are  almost 
effaced  when  it  is  distended. 

The  anterff-posterior  enrrea  are  more  pronounced  and  independent  of  the 
degrees  of  dilatation.  The  first  or  sacral  curve  is  due  to  the  conformation  of 
the  sacro-coccygeal  column.  It  has  its  concavity  forward,  its  convexity  being 
most  marked  at  the  junction  of  the  third  and  fourth  sacral  vertebne.  The 
second  or  perineal  curve  has  its  convexity  forward,  corresponding  to  tlie  apex 
of  the  prostate  gland  in  the  male  and  posterior  wall  of  the  vagina  in  the  female. 
Its  concavity  looks  downward  and  backward.  The  sacral  curve  represents  the 
arc  of  a  circle.     The  last  one  is  angnlar. 

According  to  its  direction,  then,  the  rectum  is  divided  into  three  parts — a 
super  ior  port  to  n^  pitssing  oblic|uely  downward  and  backwanl:  a  ifuildle  portion 
passing  obliquely  downward  and  forward;  an  Inferior  or  anal  portion,  passing 
obli(|Uely  downward  and  backward.  Tbey  are  not  of  equal  lengths;  that  of  the 
first  is  8  to  9  cm, ;  second,  1<)  to  11  cm. ;  third,  2  to  3  cm.  in  the  male,  1.5  to 
2  cm.  in  the  female.  According  to  Quain,  in  order,  the  first  part  is  five  or  four 
inches;  second,  three  or  four  inches;  anal  canal,  onedialf  to  one  inch.  In  the 
infant  the  rectum  is  .straighten  less  flexuous,  ami  relatively  larger  than  in  the 
adult.     In  the  female  it  is  sai<l  to  he  larger  and  straighter  than  in  the  male. 

The  firsts  or  guperiory  portion  includes  about  half  the  length  of  the  tube,  and 
extends  obliquely  from  the  pelvic  brim,  opposite  either  the  left  sacro-iliac  artic- 
ulation or  the  sacro- vertebral  angle  or  the  right  side  of  the  base  of  the  sacrum, 
to  the  body  of  the  third  sacral  vertebra.  It  is  almost  completely  surrounded 
by  peritoneum,  which  is  connected  to  the  anterior  surface  of  the  sacrum  by  the 


Fjo,  ft5S.— Ci>rfjriiil  section  thrtiiijjfh  llie  anal  canal. 
(Syiningtciii.)  H.  fiivity  «>f  blftrtder  17*.  Va*  rlcferL'nii. 
8\\  Stfiniiml  vi'Mii*!^.  R.  i^vvoud  part  of  reetuiii-  AC 
Anal  oAoal,  LA.  Levnt<:«r  onl.  Ls.  Internal  sphincter. 
ES.  ExU'rofil  splilliirttT. 
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double  fold  called  mesorecium.  This  is  continued  above  with  the  sigmoid  mescal 
colon,  18  triangtilar,  and  ends  below  in  an  apex  a!  the  third  sacral  vertebra.  Some 
convolutions  of  the  ileum,  or  a  loop  of  the  sigmoid  flexure,  usually  He  in  front 
of  this  part  of  the  rectum.  They  sepjirate  it  from  the  bladder  in  the  male  and 
posterior  surface  of  the  uterus  in  the  female  wiieri  the  rectum  is  empty.  If  dis- 
tended, one  of  these  organs,  according  to  sex,  rests  on  its  anterior  surface,  the 
intestine  being  pushed  up,  Fosteriorb/  is  the  mesorectum,  left  Pyriformis  muscle, 
left  sacral  plexus  of  nerves,  branches  of  left  internal  iliac  vessels,  left  portion  of 
anterior  surface  of  two  and  a  half  sacral  vertebne.  To  the  left  side  arc  the  left 
ureter  and  left  internal  iliac  vessels.  If  this  part  of  the  rectum  come  down  in  the 
middle  line  or  froni  the  right,  these  relations  will  differ. 

The  rftiddfe  or  seiumd  part  of  the  rectum  is  three  or  four  inches  long,  and  ex- 
tends from  the  middle  of  the  third  sacral  vertebra  to  a  point  opposite  the  apex  of 
the  prostate  gland.  Here  the  course  of  the  rectum  changes  to  a  posterior  one,  and 
that  is  one  inch  hclow  the  tip  of  the  coccyx.  It  is  only  partially  covered  by 
peritoneum.  It  has  no  mesorcctum  aud  its  posterior  surface  has  no  peritoneal 
covering.  At  first  it  is  covered  anteriorly  and  laterally,  but  gradually  the  peri- 
toneum leaves  the  sides,  and  finally,  about  one  inch  above  the  prostate  or  at  the 
length  of  an  index  finger  above  the  anus,  never  more  than  8  cm-,  it  is  reflected 
from  the  anterior  surface  of  the  rectum  to  the  bladder  or  to  the  upper  fifth  of  the 
-posterior  wall  of  the  vagina,  making  the  pouches  as  above  noted.  Distention  of 
bladder  or  rectum  would  diminish  the  depth  of  these  pouches.  This  part  of  the 
rectum  is  in  relation  aMt^rktrhf  in  the  male  with  the  rccto-vesical  pouch,  with  the! 
triangular  portion  of  the  base  of  the  bladder,  the  vesiculie  semiuales  and  vagft  ' 
deferent ia,  and  beyond  them  with  the  under  surface  of  the  prostate.  In  the  female 
it  is  related  auteriorly  to  the  posterior  wall  of  the  vagina,  with  which  it  is  adherent^ 
with  the  recto-vaginal  and  recto-uterine  pouches  anil  small  intestines  therein. 

The  posterfW  HHtll  lies  upon  the  lower  part  of  the  sacrum,  middle  saeral  artery, 
origin  of  Pyriformis  muscles,  coccyx  ami  ano-coccygcal  body,  and  Coccygei  mus- 
cles.    The  ano-coccygeal  body  is  a  dense  mass  of  musculo-fibrous  tissue  situated] 
between  the  tip  of  the  coccyx  and  anus. 

The  lofVtr  portitm  or  anal  eantil  is  about  one  inch  long  when  the  rectum  iB 
empty;  it  is  shorter  wh{vn  the  rectiiui  is  distended.     It  turns  downward  and  back- 
ward at  the  lower  jiart  of  the  )>rostatc  gland  inid  ends  at  the  anal  orifice.      It  baa  ' 
no  peritoneal  covering.     It  is  invested  by  the  sphincter  muscles  and  supported  by 
the  Levatores  ani.     Brhind  it  is  in  relation  to  the  ano-coccygeal  Imcly  and  Ccm>  , 
cygei  muscles;  on  the  sides  to  the  liit  of  the  ischio-rectal  fossae  and  the  LevatoreA^ 
ani  muscles. 

Anteriorli/  in  the  male  is  the  bulb  of  the  urethra  ami  its  membranous  por- 
tion ;  in  the  female  it  is  separated  from  the  lower  end  of  the  vagina  by  the  peri- 
neal body. 

The  skin  about  the  anus  is  provided  with  a  ring  of  sweat-glands  called  eircum* 
aufd  (flan da.  The  skin  is  also  thrown  into  minute  corrugations  by  means  of  little 
dermal  muscles,  the  iJorragatftr  cutis  ant.  The  anal  orifice  is  not  situated  alike 
in  the  sexes;  it  is  farther  forward  in  the  female,  and  less  concealed  between  the 
ischial  tuberosities.  It  is  S  cut.  in  front  of  the  coccyx  or  just  at  the  bi-iscbial 
line,  a  little  elongated,  and  the  skin  is  destitute  of  hair.  In  the  male  it  is  2.5  cm. 
in  front  of  the  coccyx  just  behind  the  hi-iscbial  line  und  tleeply  placed.  The  skin 
is  covered  by  hair  more  or  less  ahimdajitly,  and  the  orifice  is  circtilar  and  pre- 
sents little  skin  folds  vertically  arranged  like  rays  toward  a  centre.  Between 
these,  where  they  continue  into  the  mucous  membrane,  linear  excoriations  majj 
occur — fijssitre  of  the  anus. 

Structure  of  the  Rectum, 

Four  coats  are  again  met,  but  the  museiilar  tind  mucous  ones  differ  from  those 

yet  seen.   The  walls  are  *:J  to  4  mm.  thick,  while  those  of  the  colon  are  1  to  1,5  mm. 

The  peritoneal  coat  surrounds  the  first  portion  only  and  forms  a  meeorectum. 
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In  the  second  portion  it  covers  the  upper  part  of  the  anterior  snrface,  a  part  of  the 
sides,  and  none  of  the  posterior  snrfjiee.  The  lower  part  is  devoid  of  serouB 
covering.  The  peritoneum  of  the  upper  [Kirt  of  the  rectum  is  thrown  into  a  few 
pouches,  the  nppvndki'S  epiphUv*t\  In  women,  where  the  cul-de*sac  is  lower  than 
in  men,  the  peritoneum  covers  the  whole  of  the  anterior  part  of  the  middle 
portion. 

The  muRfuJar  ctnit  is  thick  ;  the  three  bands  of  the  colon  do  not  spread  out  and 
form  the  uniform  layer  as  described.  The  anterior  banil  descends  along  the  mid- 
dle jmrtion  of  the  rectum  and  continues  to  the  anus.  The  external  band  joins  the 
anterior  near  the  end  of  the  sigmoid  flexure  itnd  runs  with  it  over  the  first  part 
of  the  rectum.  The  internal  band  is  most  marked  ali>ng  the  middle  portion  of 
the  rectum  aiul  runs  posteriorly  to  the  anus.  The  three  bands  of  the  caecum  and 
colon  lire  reduced  to  two  on  the  rectum,  an  anterior  and  a  posterior  one.  In  pro- 
portion as  they  descend  they  get  larger.  The  endings  of  these  fibres  are  various  : 
into  pelvic  fascia-^  anterior  surface  of  coccyx,  and  deep  surface  of  skin,  just  out- 
side the  anus.  Tendencies  tu  yiicculation  are  described,  as  the  longitudinal  fibres 
are  rather  short.  The  longitudinal  layer  is  more  or  less  complete  between  the 
two  bands. 

The  rircuiar  fibres  are  well  developed  and  especially  thick  between  the  sac- 
culations. Below,  in  the  anal  portion^  they  become  much  augmented  as  the 
IftttTUfti  sphtfti'ter.  This  muscle  is  3  em,  high,  and  3  to  4  mm,  thick  ;  below  it  is 
precisely  limited  by  the  circular  line,  ''white  line/'  which  marks  the  mucous 
membrane  from  the  skin.  It  surrounds  the  whole  length  of  the  anal  canal  and* 
euds  very  abruptly  above  in  the  thinner  circular  fibres*  All  these  fibres  are  nn- 
striated. 

Posteriorly  two  Recto-coccygei  muscles  pass  from  the  second  or  third  vertebra 
of  the  coccyx  to  the  posterior  part  of  the  an^il  canal. 

The  other  muscles  directly  connected  are  the  External  sphincter,  which  de- 
scends a  little  lower  than  the  Internal  and  surrounds  the  anal  orifice  (Fig.  658), 
and  the  Levator  ani  giving  support  on  the  sides.     These  have  been  described. 

The  mucou«  mernhnfuf  of  the  rectum  is  thicker  and  more  \^ascu!ar  than  that 
of  the  colon,  and,  moving  (|nite  freely  on  tlie  muscular  coat,  makes  a  kind  of 
inilependeut  tube.  When  contracted  it  sltous  many  fold.i  of  no  special  direction, 
most  of  which  can  he  obliterated;   some,  however,  are  more  permanent,  and  are 


Flo.  659.— Coronal  ftection  r^f  pelvis.    Posterior  waU  of  rectum  seen  from  in  front.    (Henle,) 

called  valves  of  the  reetumj  or  of  HnuH(ft/t,  or  pfmi*  reeti     Usually  three  are 
present,  sometimes  two  or  four.     One  cjf  these,  the  largest  and  usually  constant, 
is  situateil  on  the  right  side  of  the  rectum,  about  at  the  point  where  the  pento- 
se 
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neum  is  reflected  upon  the  bladder,  L  t\  6  to  8  cm.  above  tlie  anal  orifice.  It  is 
hiBtori^aU  and  bus  been  described  by  N<*laton  and  Velpcaii  as  spJiincter  superior  ; 
a8  Houi^ton's  *' most  fretjuent  "  valve;  as  llyrtl's  «phint'tvr  terttus ;  and  Kohl- 
rausch \s  plka  fntimrersaUs.  Tliis  extends  from  the  right  to  the  anterior  wall  of 
the  rectum,  and  cannot  be  obliterated,  ai*  it  doe;^  not  contain  longitudinal  muscu- 
lar fibres.  It  ]»rojects  15  mm.  into  the  lumen  of  the  gut  and  extends  around  one- 
half  or  two-thirds  of  its  inner  circumference  (Fig.  6.VJ).  There  are  generally  two 
other  folds  on  the  left  side,  one  about  one  inch  above  and  the  other  one  inch 
below,  this  one  of  the  right  side.  The.»?e  two  contain  all  the  coats  of  the  wall  and 
may  be  obliterated  by  distention.  Note  the  tendency  of  the  three  to  the  forma- 
tion of  a  spiral  valve.  They  may  all  be  called  vahws  or  f oh  is  of  Houston.  The 
dilatation  between  the  lowest  valve  and  the  anal  canal  is  the  rectal  ampulla* 
The  presence  of  the&e  valves  may  cause  difficulty  in  the  pas^ge  of  bougies  or  in 
digital  examinations.  In  function  they  seem  to  assist  the  sphincters  and  act  aa 
shelves  in  stipporting  tlic  fiecal  masses. 

In  the  anal  canal  tlie  mucous  membrane  is  thrown  into  three  to  eight  longi- 
tudinal folds  containing  muscular  fibres,  probably  of  the  mnscukris  mucosa? ; 
they  are  called  columnte  ani  or  cobimns  of  3Iortj(ujtiL  They  commence  just  above 
the  anal  orifice  and  extend  7  to  14  mm.  up  the  anal  canal,  rising  1  to  2  mm. 
above  the  level  of  the  mucous  membrane.  Stretched  between  these  columns  at 
their  inferior  extremities  are  semilunar  valves  or  folds  made  of  mucous  membraDQ 
with  concavities  turned  upward.  They  are  unequal  in  length,  varying  inversely 
'with  the  number  of  columns. 

Behind  each  valve  and  between  any  two  contiguous  columns  is  a  little  con- 
cavity or  sinus  with  mouth  directed  upward,  Thus,  there  are  eolujnnBj  valveg^ 
and  »muBes  of  3Iorf/a(fni  (Fig.  660). 


'Cbtumn  qf  MorgofftU 


lintM  qf  MorgiagM 
^^^  Valve  c/  Morgogid 


Fig. 660,— Muuoua  mctiibmne  »jf  imal  i^nnal  showing  colymiis.  valves,  and  siDuse^  of  MorgagtU.    (Schemfttio.y 

The  characteristic  cells  of  the  mucous  membrane  are  cylindrical  epithelium. 
The  glands  present  are  those  of  Lieberkiihu  and  the  solitary  lymph-follicles. 
Inferior! y  on  the  anal  canal  there  is  a  narrow  xone  of  mucous  membrane  desti- 
tute of  glands. 

Vessfh  and  Nerv€»  of  (lie  Berhan^— The  arteries  spring  from  five  or  six 
sources,  three  of  which  are  named  ba^morrhoidal :  the  Huj*erior  htrmorrhoidal 
from  the  inferior  mesenteric  artery  ;  the  middk  hiemorrhoidal  from  the  internal 
iliac;  nuAi]w  infertur  hrmnrrhoidaJ  horn  the  internal  pudic.  Th^  mmra  media 
and  ffciatii!  arteries  also  send  utmamed  branches  to  the  rectum,  tind  in  the  female 
the  vaf/inal  artery  does  the  same.  Hiese  arteries  coming  from  abovt*  form  loops 
on  either  side  of  the  rectum  with  convexities  pointing  downward.  These  are 
three  or  four  inches  above  the  anus ;  from  these  loops  several  branches  rise,  and 
pass  longitudinally  downward,  pierce  the  muscular  coats  and  enter  the  submu- 
cosa,  and  anastomose  freely*  In  the  anal  canal  they  are  longitudinal  in  folds  of 
mucous  meudjraue,  and  reach  to  the  anal  orifice. 

The  wins  return  the  bhuKl  in  a  simihir  way,  starting  by  dilatations  below  and 
making  a  plexus  higher  up  under  the  mucous  membrane.  Most  of  this  blood  is 
returned  by  the  superior  hscmorrhoidal  vein  to  the  inferior  mesenteric  vein  and 
portal  system.  The  rest  of  it  reaches  the  systemic  circulation  and  vena  cava  infe- 
rior. The  rectum  furnishes  an  anastomosis  between  these  two  systems*  It  is  very 
strange  that  the  anatomical  text-books  apply  the  term  hctmorrhoidal  to  all  vessels 
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connected  with  the  rectum.  Of  course  those  vessels  supply  haemorrhoids  when 
the  latter  are  present,  but  the  implication  is,  they  are  always  present.  The 
term  rectal  would  seem  to  be  correct  and  the  one  intended. 

The  lymphaticBy  from  mucous  and  from  muscular  coats,  enter  glands  anterior 
to  the  sacrum.     Those  near  the  anus  enter  inguinal  glands. 

The  nerves  are  from  the  sacral  plexus  (cerebro-spinal),  and  from  the  inferior 
mesenteric  and  hypogastric  plexuses  (sympathetic).  , 

Jn  animals  the  longitudinal  muscular  fibres  have  a  motor  supply  from  the 
sacral  nerves. 

Relations  of  the  Bectom  in  Detail. 

First  Portion. 
Anteriorly : 

Small  intestines; 

Sigmoid  flexure ; 

Posterior  surface  of  bladder  in  male  ; 

Posterior  surface  of  uterus  m  female. 

Posteriorly : 

Mesorectum ; 

Left  Pyriformis  muscle ; 

Left  sacral  plexus ; 

Left  internal  iliac  vessels ; 

Anterior  surface  of  first  two  and  a  half  sacral  vertebrae. 

Externally : 

Left  ureter ; 

Left  internal  iliac  vessels. 

Second  Portion. 
Anteriorly : 
(Male)      Recto-vesical  pouch ; 

Small  intestines ; 

Triangular  portion  of  bladder ; 

Yesiculae  seminales ; 

Vasa  deferentia ; 

LTnder  surface  of  prostate  gland. 
(Female)  Posterior  wall  of  vagina ; 

Recto-vaginal  pouch ; 

Recto-uterine  pouch ; 

Small  intestines. 

Posteriorly  : 

Lower  part  of  sacrum ; 
Coccyx ; 

Ano-coccygeal  body ; 
Middle  sacral  vessels ; 
Origin  of  Pyriformis  muscles. 

Third  Portion,  or  Anal  Canai* 
Anteriorly: 

(Male)      Bulb  of  urethra ; 

Membranous  urethra. 
(Female)  Perineal  body. 

Posteriorly : 

Ano-coccygeal  body ; 
Coccygei  muscles. 
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Laterally  : 

Fat  of  iseliio-rectal  fossae ; 
Levu tores  ani  musclci^. 

The  other  ways  of  describing  the  rectum  (page  1038)  odIj  affect  its  method 
of  subdivision. 

Treves  descrihes  the  two  lower  parts  of  the  rectum  and  includes  the  first  in 
the  sif^moid  flexure*.  This  is  doubtless  an  improvement  on  tlie  old  method.  He 
says:'  "'The  segments  of  the  gut  termed  the  sigmoid  flexure  and  first  part  of 
the  rectum  form  together  a  single  h>op  which  cannot  be  divided  into  parts.  This 
loop  begins  where  the  descending  colon  ends,  and  ends  at  tlie  spot  where  the 
mesorectura  ceases  opposite  the  third  piece  of  the  sacrurn.  This  loop  when  un- 
folded describes  a  figure  that  may  he  compared  to  the  capital  omega  '*  (Fig.  661). 

'*  The  average  length  of  this  adult  omega  loop  is  seventeen  and  a  half  iuches^J 
varying  from  six   to  twenty-seven.     Its  normal  position  is  not  in  the  left  iliac^ 
fossa*  but  in  the  pelvis.   Its  most  usual  arrangement  is  this:  the  descending  colon 
ends  just  at  the  outer  border  of  the  Psoas.     The  gut  crosses  the  muscle  at  right , 
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Fig,  fi6L— Omega  loop  of  sigmoid  flexure.    (Treves.) 


Fig.  6fii!. — i'^ual  couree  of  the  omega  loop. 


(TutVfttjM 


angles  and  descends  vertically  along  the  left  pelvic  wall,  and  may  at  once  reach 
the  pelvic  floor.  It  then  passes  more  or  less  horizontally  and  transversely  across 
the  pelvis  from  left  to  right  and  commonly  comes  into  contact  with  the  right  pelvic 
wall.  Here  it  h  bent  upon  itself,  and  parsing  once  mure  toward  tlie  left  reache 
the  middle  line  and  descends  to  the  anu,s  "  (Fig.  <j(>2). 

The  line  of  attaehiuent  of  the  me^ioeohm  that  fastens  the  omega  loop  is  i 
follows  (Fig.  t)01):  ""  It  crosses  the  Psoas  at  a  right  angle,  and  then  takes  a  slight 
curve  upward  so  as  to  |)ass  over  the  iliac  vessels  about  at  their  hi  furcation*  The 
curve  ends  at  the  point  X^  which  is  most  fre(|uently  at  the  bifurcation  of  the 
vessels.  From  here  the  line  of  attachment  proceeds  vertically  down  to  termi- 
nate at  N,  Its  course  is  to  the  left  of  the  middle  line,  while  its  ending  will  he 
upon  that  line.  At  the  point  X  the  mesocolon  is  folded  a  little,  and  here  there 
arises  that  part  of  the  membrane  which  goes  to  the  summit  of  the  loop  1'  Here 
the  mesocolon  attains  its  greatest  length,  and  at  this  spot  the  sigmoid  artery 
enters.  The  average  length  of  the  mesocolon  is  over  the  Psoas  one  and  a  half 
inches  ;  at  the  point  A^  three  and  a  half  intdies ;  on  the  sacruiu  one  and  three- 
fourths  inches.  The  distance  between  the  ends  of  the  loop  M  and  Xh  three 
inches,'^ 

*  Hunterian  Leehtres,  1885  :  '*  llie  AD&tomy  of  llie  IntesitiDal  Canal  and  Peritoneum  in  Man." 
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Surface  Form. — The  eoils  of  the  small  int-estine  occupy  the  firoDt  of  the  abdomen  below  the 
tmnsverse  c»>1j>h,  atiiJ  iii\>  covert* J  more  or  less  cwiniplet^ly  by  tbe  great  omentum^  Fur  the  most 
part  the  coils  of  the  jejunum  <>fcupy  the  letl  side  of  the  aliJominal  4'avity — i.  <f.  the  letl  lumltar 
and  inguina]  regions  iind  tho  left  half  of  the  umbilicid  regioii— whilst  the  cuils  of  the  ileuiu  ;ire 
sitoaled  to  the  ri^'ht.  in  the  riidit  lumbar  and  in^inal  regions,  in  the  right  half  of  the  umbiHcal 
region,  and  sXm  the  hypj gastric.  The  cjecum  h  sitmited  in  the  right  inguinal  region.  It^f  posi- 
tion varies  shirhtly,  but  !h«  mid-piint  of  a  hne  drawn  from  tlie  anterior  superior  spinous  jjroeesa 
of  the  ilium  to  the  symphvsi.s  pubis  will  aboit  mark  the  .tdille  of  it*?  lower  Wrder.  It  ts  rom- 
pftratively  superficiid.  From  it  the  aiscending  eolon  pa*iises  upwar*!  throu^l*  the  right  lumbar 
and  hypoehondriae  rej^'ions,  and  tiecomes  mure  deeplv  situated  as  it  a^wx-nds  to  the  hepatic  flexure, 
which  is  deeply  placetl  nuder  eover  id"  the  liver.  The  transverse  coion  crosses  tbe  bcdly  f  rsuis- 
versely  on  the  confines  of  the  umbilical  and  epigjiatnc  regions,  its  lower  bonier  being  on  a  level 
sUghtly  al>ove  the  umbilicus^  its  upper  Ijordcrjust  Mow  the  ^nreater  eun'^atnre  of  the  stomach. 
The  splenic  flexure  of  the  colon  is  situated  behind  t!ie  stotnaeh  in  the  left  hyjKHdiondrinm.  and 
is  im  a  higher  level  than  tlic  licr>aric  iexure.  The  descending  colon  is  deeply  seated,  itassing 
down  through  the  left  liypochoudriae  and  lumbar  regions  to  the  sigmoid  flexure,  which  is  situ- 
ated in  the  left  inL^uiual  n^vgions,  atid  which  can  lie  felt  it)  thin  i^rsons,  with  relaxed  abdominal 
walls,  rolling  under  the  fingers  when  empty^  awl  when  distended  forming  a  distinct  tumor 

Surffical  Anatomy. — ^The  small  Intestines  are  much  exposed  toinjnrj',  but,  in  coiise«iucnce 
of  their  ehusttcity  and  the  ease  with  which  one  fold  glides  over  another^  tliey  are  not  so  fre<iuently 
ruptured  as  would  otherwise  be  the  case.  Any  part  of  the  small  intestine  may  be  niplured.  hut 
prohahly  the  most  common  situation  is  the  transverse  duodenum,  on  accoimt  of  its  Wing  more 
fixed  than  other  portions  of  the  bowel,  and  because  it  is  situated  in  ir^mi  of  the  bodices  of  the 
vertebrae,  so  that  if  tliis  jM>rtion  of  the  abdomen  is  strtjck  by  a  sharp  blow,  as  froni  tlie  kick  of 
a  horse,  it  rs  unable  to  glitle  out  of  the  way,  but  is  c*)mpressed  against  the  bone  and  so  lacerated. 
Wounds  of  the  intestine  sometimes  occur.  If  the  wound  is  a  smaH  puncture,  under,  it  is  said, 
three  lines  in  length,  no  extrava-sation  of  the  contents  of  the  bowel  takes  place.  The  mucous 
mcnii>r:me  becomes  everted  and  plugs  the  little  openimr.  Tlie  Ixiwels,  therefore,  may  be  safely 
]mnctured  with  a  fine  ca]iillary  trocar,  in  cases  of  excessive  distension  of  the  intestine  with  gas, 
without  fear  of  extravasation.  A  longitudinal  wound  gapes  niore  th;in  a  tnuisverse.  owing  to 
the  greater  amount  of  circular  nius<?ular  fibres.  The  small  inte^^tine.  mid  mu>X  freijuently  the 
ileum,  may  become  straneulated  by  internal  bands,  fir  through  ai>ertui*es.  normal  or  abnormal. 
The  bands  mav  be  formed  in  several  different  ways :  they  may  he  old  peritoneal  adhesions  trom 
previous  attacKs  of  pentimitts ;  or  an  a<lherent  omentum  from  the  same  cau.se;  or  the  band 
may  be  formed  by  Meckel's  diverticulum,  which  has  contracted  ailiiesions  at  its  distal  extremity ; 
or  the  baml  may  be  the  result  of  the  abnormal  attiichment  of  some  normal  structure,  as  the 
adhesion  of  two  a pjx^nd ices  epiploit^a;,  or  an  adherent  vermiform  appendix  or  Fallopian  tube. 
Intussusception  nv  invagination  of  the  small  intestine  may  take  place  in  any  part  ot' the  jejunum 
and  ileum,  but  the  most  fn-riuent  situation  is  at  the  ileo-ea&cal  valve,  the  valve  (brming  the  apex 
of  the  entering  X\i\)g.  This  form  may  attain  great  size^  and  it  is  not  unrt>uimon  in  these  cases  to 
find  the  valve  projecting  fr«un  the  anus.  Stricture,  the  impaction  of  foreign  bodies,  and  tprist^ 
ing  of  (he  gut  ihyhidm)  may  li^atl  to  intestinal  obstruction. 

Foreign  Inidiea  and  small  hardened  masses  of  fiecal  matter  are  very  hable  to  liccome  lodged 
in  the  vermiform  ajipendix.  Here  they  set  up  inflammation,  often  cause  jierforation  of  the 
appendix  and  formation  of  abscess  in  the  loose  connective  tissue  around.  This  mtiy  rcrpiire 
oncrative  interference,  and  in  some  cases  of  recurrent  attacks  of  appendicitis  this  little  divertic- 
ulum of  the  Iwwel  hajs  been  rejnoved.  In  external  hernia  the  ileum  is  the  portion  of  bowel 
most  fmiuently  herniated.  When  a  part  of  the  large  intestine  is  involved,  it  is  usuall.v  the 
cieenni.  and  this  may  occur  even  on  the  left  side.  In  some  few  cases  the  vermirorm  appendix 
has  bi^en  the  part  implicated  in  c.L!?es  of  strangulated  hernia,  and  \\ms  given  rise  to  serious  synip- 
t<im8  of  obstruction.  Occasionally  ulceration  of  the  duodenal  glands  may  oc<?ur  in  eases  of  burns, 
but  is  not  a  very  common  complication.  The  uh*er  may  perlbnite  one  of  the  birge  liuodeual 
Tess4'ls,  and  may  Ciiuse  death  from  bfeniorrliage,  or  it  tnay  perforate  the  coals  id*  the  inteslitie 
and  produce  fatal  acute  peritonitis.  The  diameter  of  the  Liriie  intestine  gradually  iliniinishes 
from  the  ctBcuin,  which  hits  the  greatest  diameter  of  any  part  of  the  bowel,  to  the  point  of 
junction  of  the  sigmoid  flexure  with  the  rectum,  at  or  a  httle  below  whie!i  point  stricture  most 
ixuninonly  occurs  and  diminisiies  in  frequency  as  one  prtK-eeds  upward  to  tbe  Lieeum.  When 
distended  by  some  obstruction  low  down,  the  outline  of  the  large  intestine  ean  be  defined 
thn:Hi»rhout  nearly  tbe  whole  of  its  course — all,  in  fact,  except  tbe  hepatic  and  splenic  flexures, 
which  are  more  deeidy  iilaceil ;  the  distension  is  most  obvious  in  the  two  flanks  and  on  the  front 
of  the  abdotnen  just  aWve  the  umbilicus.  The  caicuni^  liowever,  is  that  portion  of  the  bowel 
which  is^  of  alb  most  distended.  It  sometimes  assumes  enomions  dimensions,  and  has  been 
known  to  be  (lerlbrjited  from  the  pressure,  causing  fital  peritonitis.  The  hepatic  fiexui*e  and 
the  right  extremity  (d'  the  transverse  colon  is  in  close  relatToiiship  with  the  liver,  and  absix^ss  of 
this  vis*3us  sometimes  bursts  into  the  gut  in  this  situation.  The  gall-bladder  may  becotne  adherent 
to  the  colon,  and  gall-stones  may  find  their  way  through  into  the  gut,  where  they  may  become 
impacted  or  may  be  discharged  per  anum.  The  mobjlity  of  tlie  sigmoid  flexure  renders  it  more 
haole  to  Ijecome  the  seat  of  a  volvulus  or  twist  than  any  other  part  of  tlie  intestine.  It  gener- 
ally oircurs  in  patients  who  have  been  the  sul^jectji  of  habitual  constipation,  and  in  whom,  there- 
fore, the  meso-stgraoid  flexure  is  elongated.  The  gut  at  this  part  being  loaded  with  faeces,  from 
its  weight  faUa  over  the  gut  below,  and  «o  gives  rise  to  the  twist. 
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The  surgical  anatomy  of  the  rectum  ia  of  considernbic  importannc.     Tbei^  majf  be  eongen- 
ital  nialtoraintion  due  \o  arrest  or  imperfect  development.     Thus,  there  may  be  no  inflection  ofa 
the  epihlast  (sec  pa^e  K^4),  and  er>nse<iiiently  a  compkte  abseiiee  of  the  amw;  oribe  hind-l,_ 
may  l>e  iinperfeetly  developed,  and  there  iiitiy  be  an  absence  of  the  rectum,  thonjLfh  the  anus  S" 
developed:  or  the  inflection  of  the  epihhii^t  may  not  eominunieate  with  the  teruHnation  of  the 
hind-gut  from  want  of  siolutioii  of  continuity  in   the  scntum  which  in  early  foDtal  life  exists 
between  tlie  two.     The  mucous  membrane  is  thick  au'l  out  loost^ly  connected  to  the  muscular 
c30Bt  l>eneath.  and  thus  favors  pr^^laiise,  especially  in  thiltlren.     The  vessels  of  the  re<"tum  are 
arranged,  lu*  mentioned  above,  longitudinally,  and  are  contained  in  the  loose  cellular  tisvsueljotweea 
the  mucon?  and  nju,'*eiilar  eoaUT  and  r«3CGive  no  support  from  surrounding  tiswues,  and  thift  favor* 
varicosity.     Mt^reover,  the  blood  from  these  vessels  is  returned  into  the  general  eiivuhitioay 
thntugh  two  distinct  channels— part  thrcjugh  the  systemic  system  and  part  through  the  \h:it 
svstem— so  that  they  may  be  said  to  be  place*!  between  the  portal  and  systemic  cirenlations,  and 
thus  predisposed  to  congestion  and  conse^iuent  diltitation.     In  addition  to  this,  there  are 
valves  in  the  superior  hfiemorrhoidal  veinsj  and  the  vessels  of  the  rectum  are  placed  in  a  depend** 
ent  position,  ami  are  liable  to  be  pre.ssed  upon  and  obstructed  by  hartlened  fneces.    The  anatomy 
ical  arrani^ement,  therefore,  of  the  ha^morrboidal  vcss4;^ls  explains  the  great  tendency  to  tl 
oocurrcnee  of  piles.     Again,  the  fjresence  o^  the  Sphincter  ani  is  of  surgical  importance,  sine 
it  is  the  constant  contraction  of  this  muscle  which  prevents  an  ischiorectal  abscess  from  healing 
and  cnuses  it  to  become  a  fistula.     Also,  the  reflex  contraction  of  this  mus<?le  is  the  cause  of  tbi^ 
severe  pain  complained  of  in  fissurt?  of  t lie  amis.    The  relations  of  the  peritoneum  to  the  reetum 
Rre  of  importance  in  connection  with  the  operation  of  removal  of  the  lower  end  of  the  rectum 
for  malitrnant  disesise.     This  membrane  gradually  leaves  the  rtTtum  as  it  descends  into   the 
pelvis;  first  leaving  its  posterior  surface,  then  the  sides,  and  then  the  anterior  surface  to  tioeome 
reflected  in  the  male  on  to  the  posterior  wall  of  the  blad^lcr,  forniinc  the  recto-vesical  pouch,  and 
in  the  female  on  to  the  posterior  wall  of  the  vagina,  forming  Don  das*  s  pouch.    The  recto-vesieaL 
pouch  of  peritoneum  extends  to  within  three  and  a  half  or  fotir  inelies  from  the  anus,  so  that  iti 
IS  not  sale  to  remove  more  than  three  inches  of  the  entir*.^  cinTumfercnce  of  the  bowel  for  fear 
of  the  risk  of  opening  the  peritoneum.    When,  however,  the  disease  is  confined  to  the  posterior 
surface  of  the  reetum^  or  extends  farther  in  this  direction,  a  greater  amount  of  the  poeteriof  J 
wall  of  the  gut  may  he  removed,  as  the  jieritoneum  docs  not  extend  on  this  surface  to  a  lowe 
level  than  five  inches  from  the  margin  of  the  anus.     The  rf^^ttwapinal  or  Douglases  pouch  io 
the  female  extends  somewhat  lower  than  the  rectovesical  pouch  of  the  male,  and  therefore  it  is 
necessarj'  to  remove  a  less  length  of  the  tube  in  this  sex.*    Upon  introducing  the  finger  into  the 
rectum  the  membranous  jiortion  of  the  urethra  can  he  felt,  if  an  instrument  has  been  introducetl 
into  the  bladder,  exactly  m  the  middle  line ;  behind  this  the  prostate  gland  can  be  recognized 
by  its  shape  an<l  hardness  and  any  enlargement  detected  ;  behind  the  prostate  the  fiuetuatiog 
wall  of  the  bladder  when  full  can  \m  felt,  and  if  tluiu^ht  desirable  it  can  be  tapped  in  this  situ-. 
ation ;  on  either  side  and  l>eliind  the  prostate  the  vesiculaB  »ominales  can  be  readily  felt,  eapc 
daily  if  enlarged  by  tubercular  disejise.     Behind,  the  coccyx  is  to  be  felt,  and  on  the  mueou 
membrane  one  or  two  of  Houston  s  folds.     The  isehio-recial  fossae  can  be  explored  on  eilhe 
side,  with  a  view  to  ascertaining  the  presence  of  deep-seated  collections  of  pus,     F*inalK%  it  trilll 
he  noted  that  the  finger  is  firmly  grioped  by  the  sidiinctcr  for  alwiut  an  inch  uj>  the  bowel 

By  gradual  dilatation  of  the  sphmcter  the  whole  hand  can  be  introduced  into  the  rectum  so 
as  to  reach  the  descending  colon.  This  method  of  exploration  is  rarely,  however,  required  for 
diagnostic  purposes. 

The  colon  frequently  requires  opening  in  cases  of  intestinal  obstruction,  tlie  descending  colnq 
being  usually  the  portion  of  bowel  selected  for  this  operation.  The  operation  of  eolotumy  may 
be  performed  either  without  opening  the  jH?ritoneum  by  an  incision  in  the  loin  (lumbar  colotomy),' 
or  by  an  opening  through  the  peritoneum  (inguinal  colotomy).  Lumbar  colotomy  is  t^erfbrme 
by  phu'ing  the  patient  on  the  aide  ot>lKisite  lu  the  une  to  be  iqieratcd  on,  with  a  firm  pillow  uode 
tfie  loin.  A  line  is  then  drawn  from  the  anterior  superior  to  the  posterior  superior  spine  of  ifc  _ 
ilium,  and  the  mid-point  of  this  line  (Heath)  or  half  an  inch  l>elimd  the  mid-point  (Allinghamy 
is  taken,  and  a  line  ilrawn  vertically  upward  from  it  to  the  last  rib.  This  line  represents,  will 
Bufficient  correct neR«,  the  position  of  the  normal  colon.  An  oblique  incision  four  incites  in  lengtli] 
m  now  made  midway  between  tlie  last  rib  and  the  crest  of  the  ilium,  m  that  its  centre  bise 
the  vertical  line,  and  the  following  parts  successiyely  divided:  (1)  Tlie  skin^  sufrt^rficial  faitcia.! 
with  cutaneous  vessels  and  nerves  and  deep  liiscia.  (2)  The  posterior  fibres  of  the  KxtemaiJ 
ohli(|ue  and  anterior  fibres  of  the  Latissimus  dorsi,  V^)  The  Internal  obli(|ue*  (4)  The  lumhi 
fascia  and  the  external  border  of  the  Quad  rat  us  lumbonim.  The  edges  of  the  wound  are  now 
to  be  held  apart  with  retractors,  and  the  transversal  is  fascia  will  be  ex  nosed.  This  is  to  be 
opened  with  care,  commencing  at  the  pt»stcrior  angle  of  the  incision.  If  tiie  bowel  is  distended^ 
it  will  bulge  int^j  the  wound,  and  no  difficulty  will  he  found  in  dealing  with  it.  If,  however,  th#J 
^it  is  empty,  this  bulging  will  not  lake  place»  and  the  colon  will  have  to  be  sought  for.  The 
gui(!es  to  it  iu*e  the  lower  end  of  the  kidney,  which  will  be  plainly  felt,  and  the  outer  edge  of 
tiie  Quadratus  lumhorum.  The  btwel  having  been  ibuml,  is  to  be  drawn  well  up  into  tho_ 
wound,  and  it  may  be  opened  at  once  and  the  margins  uf  the  openings  stitched  to  the  skin  i 
the  edge  of  the  wound ;  or,  if  the  I'ase  is  not  an  urgent  one,  it  may  be  retained  in  this  positic 
by  two  harelip  pins  passed  through  the  muscular  coat,  the  rest  of  the  wound  closed)  and  ti 

*  Ailing  ham  says  one  inch  leaa  in  the  female. 


bowel  opened  in  three  or  four  days,  when  adhesion  of  the  bowel  to  the  edges  of  the  wound  has 
taken  imwQ, 

Inguinal  mhtom^f  is  preferred  by  many  surgeons  in  those  cases  where  there  is  no  urgent 
obstruction,  ami  where,  t?ie  re  fore,  there  is  no  necessity  to  open  the  bowel  at  unee.  The  main 
reasiin  for  preferring  this  operation  is  that  a  spnr-shaped  prc»eei^^of  themeso-eoloncanbefonijed 
which  prevents  any  fjecnl  matter  tindini?  its  way  past  the  artitieial  anus  and  Womin^  lodged  on 
the  diseiised  stnietnres  below.  Tfie  sigmoid  tiexure  being  almost  entirely  suiTounded  by  peri- 
toneum, a  coil  enn  Ix^  drawn  out  of  tlie  wound  and  the  greater  purt  of  its  calibre  renjoved,  leav- 
ini:  the  remaimler  attached  to  the  meso-eolon,  whieh  forms  a  f^rmr,  miieh  tbti  same  as  in  an 
artificial  anus  eausc:d  by  slouL'hing  of  the  gut  after  a  etntiigidated  nernia,  atid  this  prevents  anv 
fieeal  matter  finding  its  way  frcnn  the  gut  abo\*e  the  openin>i:  into  that  below.  The  o(>eration  is 
peribrmed  by  making  an  iueisioii  two  or  three  inches  in  length  from  a  point  one  inch  nitemal  to 
the  anterior  so  peri  or  spiofius  proet^ss  of  the  iliam,  na  rail  el  to  l\inpart'8  ligament.  The  various 
layers  of  abdominal  maseles  are  cut  tbrottgli.  and  the  peritoneum  opened  and  sewn  to  the 
external  skin.  The  signKikl  flexure  is  now  sought  for,  ana  pulled  out  of  the  wownd  and  fixed  by 
passmg  a  needle  threaded  with  I'arljolized  silk  through  the  nie?o-eol(m  close  to  the  gut  and  then 
throuuh  the  abdominal  wall  The  intestine  is  now  .sewn  tutlie  hkin  all  rfinnd,  the  s^uture  y>assing 
only  through  the  serous  and  muscular  c<iats.  The  wound  is  dressed,  and  on  tlie  second  to  the 
fonrtli  day,  according  to  the  requirements  of  the  case,  the  protruded  coil  of  intestine  is  opened 
and  removed  with  scissors. 

THE  LIVEE. 

The  Liver  (Hepar)  is  a  gland  iti tended  for  the  secretion  of  sugar  and  bile, 
remarkable  lor  its  sixe,  efiualling  that  of  all  the  other  glands  put  together,  and 
for  its  connections  with  the  system  of  the  portal  vein  which  ramifieB  in  its  sub- 
stance. It  may  be  described  under  two  ht^ads:  (1)  External  conformation;  (2) 
Structure  or  Histology.  First  we  shall  study  its  sit- 
uation, its  volume,  its  weight,  its  consistence  and  color, 
its  form,  its  relationts,  and  its  means  of  fixation.  This 
organ  fills  almost  all  the  right  hypochondriuni,  a  great 
part  of  the  epigastrium,  and  advances  into  the  left  hypo* 
chontlrium  as  far  as  the  matumary  line  in  the  neighbor- 
hood of  the  spleen.  It  is  situated,  conse([uentlY,  helow 
the  diaphragm,  which  separates  it  from  the  lungs  and 
heart;  above  the  stomach,  duodenum,  transverse  colon, 
and  small  intestines,  which  form  a  sort  of  pillow  ;  and 
behind  are  the  riglit  false  ribs,  which  protect  it,  In  an 
embryo  of  three  weeks  this  organ  fills  the  greater  part 
of  the  abdomeD  (Fig.  663).  During  the  first  half  of 
intra-uterine  life  its  anterior  border  is  below  the  umbil- 
icus. In  a  child  of  six  or  eight  years  it  gets  behind  the 
free  border  of  the  right  false  ribs.  In  the  adult  its 
average  transverse  dimetmtm  is  28  cm,  (eleven  inches), 
its  anterO'posterior  dimension  is  20  cm,  (eight  inches), 
and  vertical  dimension  is  6  cm.  (two  and  a  half  inches) 
(Sappey).  Quain's  figures  are — greatest  vertical  diam- 
eter on  the  right  lobe,  five  to  seven  inches,  greatest  transverse  is  one  or  two 
inches  more;  its  greatest  autero-posterior  diameter  is  above  the  right  kidney, 
four  to  six  inches,  and  in  front  of  the  vertebral  column  is  two  and  a  half  to  four 
inches.  All  this  varies  with  the  individual,  the  amount  of  blood  contained,  and 
the  state  of  digestion  and  pathological  state. 

Its  voltime  is  90  to  100  ciibic.  inches. 

The  abmhite  weight  of  the  liver  is  proportional  to  its  volume  and  amount  of 
blood  contained.  The  average  is  in  bloodless  livers  L451  kg. ;  in  physiological 
livers  containing  blood,  L937  kg.,  or  about  one-thirty-second  of  the  body-weight. 
At  birth  it  is  one-eigbteenth  of  the  body-weight.  This  is  50  or  60  ounces  avoir- 
dupois in  the  male,  a  little  heavier  than  the  brain,  and  40  to  50  ounces  in  the 
female.  Its  specific  gravity  is  1.046,  The  consistence  of  the  liver  is  soft,  but 
harder  than  that  of  other  glands.  It  has  a  certain  friability-  Its  tissue  is  more 
easily  crushed  than  depressed. 

The  physiological  color  is  a  dark,  reddish  brown.     In  the  young  it  takes  on  a 


s«^ 


Fig.  663- 


Embrj'O  of  twelve 
weeks  with  opiri  thoracic  aud 
abdominal  oavit^  in  whLi'li  I  he 
liver  is  seon,  also  CBt-cum  and 
appendix.    (Gcgenbaur.) 
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brighter  tone,  due  to  the  milk  diet,  and  in  later  yearg  may  iisstime  other  shade 
due  to  imthological  changes.  After  death  it  may  he  red-brown  at  one  place, 
yellow  at  another,  with  all  variations ;  sometimes  the  colors  occur  in  wavy  lines. 
This  means  only  unequal  repk'tion  of  the  vessels.  The  liver  possesses  no  shape 
peculiar  to  itself.  Like  the  lachrymal,  or  parotid  glands  or  pancreas,  it  is 
moukk'd  to  neighboring  orgun^.  Its  general  contour,  however,  is  wedge-shaped, 
with  the  base  to  the  right.     Many  compare  it  to  the  tippi'r  section  of  an  ovDid| 

cut  by  a  phme  piiHsing  from   below*" 
upward  to  the  left  (Fig.  6(54).      The 
right  end  is  thick  and  the  left  end 
thin. 

The  various  surfacei*  ascribed  to 
the  liver  are  from  two  to  five,  result- 
ing from  the  method  of  observation. 
A  pathological,  bloodless,  decayed 
liver  placed  on  the  dissecting  table 
as  usually  seen  by  the  student,  will 
always  have  two  surfaces.  It  does 
not  ixjllow  that  that  liver  show^s 
anything  of  its  normal  appearance 
Fio. (S64.-Figriire  to  iUii«trate  the  shape  of  Uie  Urer.  diiVing  life.     The  inferior  vena  cava 

of  this  liver  is  horizontal  on  its 
inferior  surface,  yet  we  know  that  vessel  runs  vertically  along  the  spinal  column. 
A  liver  removed  from  the  body  and  injected  dues  not  give  the  correct  torm. 
Hardening  in  )<itu  hy  chromic  acid  or  fornuilin  injertions  leaves  the  shape  of  the 
viscera  as  in  life.  1lie  liver  treated  thus  shows  three  aHrfat'ejs,  a  iiupcrfo}\  iftfc^i 
rior^  and  poHterior ;  an  anterior  border,  a  ru/JtU  and  a  left  extremity.  That  which 
was  formerly  called  the  posterior  blunt  margin  is  now  seen  to  be  a  posterior 
surface.  Symington  regards  the  shape  of  the  liver  as  that  of  a  right-angled 
triangular  prism,  and  describes  five  surfaces,  riglit  basal  or  lateral,  anterior, 
superior,  posterior,  and  inferior. 

The  convex^  upper,  smooth  surface  of  the  liver  is  subdivided  by  a  sagittal  fold 
of  peritoneum  drawn  down  from  the  diaphragm,  called  the  suspemoj't/,  broad^  or 


Qnll^addcr 


Vena  ctiva  it^ferittr 
Fkj.  66a.— Superior  isurfoct*  of  the  Uver    Dmwii  fRuu  Ui*  models. 


iigamcnt 


falciform  ligament.  To  its  right  is  a  larger,  broader  convex  lobe,  and  on  the 
left  a  smaller,  more  slender.  Hatter  lohe  (Fig.  665).  This  hroad  ligament  corre- 
sponds on   the  under  concave  surface  of  the  liver  to  the  left  longitudinal  fissure 


one,  from  before  back- 
ward, the  quadrate^  the 
CfHidate^  or  tuhercultim 
eaudatumj  and  SpiffeHan 
lobe  if. 

Surfaces. — The  supe- 
rior  or  phrenic  surface  is 
convex,  directed  upward 
and  forwar<i  and  covered 
by  peritoneum  except  for 
the  linear  space  between 
the  hiyers  of  the  broad 
ligament*  It  includes  the 
upper  surface  of  the  right 
and  left  lobe^,  the  former 
being  convex  and  the  lat- 
ter more  iaL  Between 
and  upon  the  two  is  a 
shallow  depression  or 
flattening  correspond i ng 
to  the  central  tendon  of 
the  diaphragm  and  to  the 
heart. 

This  sejmration  of 
lobes  continues  below  in 
the  attachment  of  the 
fal  ci  for  m  1  i  gam  en  t  a  n  d  in  - 
c  is  ur  a  u  m  h  iHealiM^  iim  b  il- 
iea I  or  in  h' r  JtS u Jar  ?? otc h * 

To  the  right  of  the 
notch  is  a  concavity  in- 
truding upon  this  surface, 
occnpied  by  the  fundus 
of  the  gall-bladder,  the 
ineisiira  vesicalfs.  This 
whole  surface  is  in  rela- 
tion to  the  under  surface 
of  the  diapbragm,  and 
below  to  a  small  extent 
with  the  anterior  abdom- 
inal wall. 

The  inferior  or  tmeeral  surface  is  uneven,  concave,  and  directed  backward, 
downward,  and  to  the  left.  It  is  in  relation  with  the  stomach,  duodenum,  the 
hepatic  flexure  of  the  colon,  the  right  kidney,  and  suprarenal  capsule.  This 
surface,  as  we  have  seen,  is  divided  into  a  right  and  left  portion  by  the  left 
longitudinal  fissure.  It  is  invested  by  peritoneum  of  the  greater  sac,  except 
where  tbe  ^all-bladder  is  adherent  to  it,  and  at  the  tnrns verse  fissure  or  hilng 
where  the  two  layers  of  lesser  omentum  are  attached. 

The  under  surface  of  the  left  lohe  is  moulded  over  the  cardia  of  the  stomach. 
Near  the  centre  and  right  part  of  this  snrface  a  result  of  moulding  is  seen  in  a 
large  rounded  tubercle,  the  tuber  omefit*ih\  which  fits  into  the  concavity  of  the 
lesser  curvature  of  tbe  stomach.  The  whole  tubercle  is  made  from  the  under  sur- 
face of  the  left  lobe  and  the  lower  left  corner  of  the  Spigelian.     It  is  in  front  of 
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the  anterior  layer  of  the  lesser  ooaentura.     Here  it  meets  another  tuber  omen  tale 
coming  upward  and  forward  from  the  pancreas. 

Tlie  under  surface  of  tbe  rit/ht  hhe  has  a  middle  piece  cut  off  from  it  by  the 
fosBa  for  the  gall-bladdtT^  ffj'>f^/f  vem'caHs.  This  forms  a  tpiadrate  or  anterior  lube 
which  is  just  above  the  pyloric  end  of  the  stomach  and  the  superior  curvature 
of  the  duodenum.  To  the  right  of  the  quadrate  lobe  and  gall-bladder,  the  under 
surface  of  the  right  lobe  shows  two  marked  concavities  separated  by  a  ridge.  The 
anterior  concavity  is  made  by  the  hepatic  tiexure  of  the  colon,  impreissio  adica  ; 
we  have  seen  bow  this  ascends  in  front  of  the  right  kidney,  so  posteriorly  the 
next  concavity  is  the  impressio  renafiii. 

At  the  inner  border  of  the  renal  impression  is  another  for  the  second  part  of 
the  duodenum,  imprt'^m}  dufidi'nalis  ;  this  lies  outside  the  neck  of  the  gall-bladder 
and  is  limited  internally  by  the  cystic  duct.    The  snj)erior  curve  of  the  duodeuum 
crosses  the  neck  of  the  gall-bladder  or  even  the  transverse  fissure,  and  comes  J 
under  the  caudate  lobe.     The  pyloric  end  of  the  stomach  touches  the  qoadratei 
lobe,  starting  from  its  anterior  border.      Sometimes  there  is  an  iniprt'mto  pylori^n. 

The  impremiou  lor  the  right  miprarenai  eapmth  is  farther  back  than  the 
impressio  renal  is  and  close  to  the  inferior  vena  cava.  Its  basal  part  rests  upon 
the  under  surface  of  the  liver  at  the  posterior  tip  of  the  renal  impression.  This 
part  of  the  impression  is  covered  by  peritoneum.  Its  apex  extends  up  on  the 
posterior  surface  of  the  liver  just  to  the  right  of  the  vena  cava.  This  part  of 
its  impression  is  not  covered  W  peritoneum.  So  the  impres»io  siiprareiialU  bos 
two  parts,  one  covered  with  peritoneum  on  the  inferior  surface  of  the  liver  andl 
one  uncovered  by  peritoneum  on  the  posterior  surface. 

Just  anterior  to  the  vena  cava  is  a  narrow  area  of  liver  tissue  connecting  the 
right  lower  corner  of  the  Spigelian  lobe  to  the  under  surface  of  the  right  lobe. 
It  is  the  iuherculum  vnudatum^  not  always  big  enough  to  be  called  the  caudate 
lobe  {cifuda^  tail)*     This  lies  above  the  foramen  of  Winslow,  | 

*V]ie  poster  lor  surface  is  rounded  and  broad  behind  the  right  lobe,  but  narrow 
on  the  left.  To  the  right  is  not  covered  by  peritoneum  for  a  space  about  three 
inches  broad  and  two  inches  high.  This  is  in  direct  contact  with  the  diaphragm 
and  posterior  abdominal  wall,  and  is  marked  off  from  the  u]*pcr  surface  by  the 
line  of  reflection  of  the  peritoneum  from  the  diaphragm  to  the  liver.  This  part 
constitutes  the  anterior  layer  of  the  coronary  and  right  lateral  ligaments.  It  is 
marked  off  Irom  the  under  surface  of  the  liver  by  a  similar  line  of  reflected  peri- 
toneum from  the  posterior  part  of  the  diaphragm  to  the  liver,  which  here  forms 
the  inferior  or  posterior  layer  of  the  coronary  and  right  lateral  ligaments.  A 
small  peritoneal  area  exists  on  the  posterior  surface  to  the  right  of  the  rough  , 
area. 

At  the  lower  and  inner  part  of  this  rough  surface  is  the  non-peritoneal  part 
of  the  impfU'Hm*  sajtrarenaUs,  The  inner  border  of  the  surface  projects  over  the 
vena  cava,  and  not  rarely  encloses  it  in  a  canal  of  liver  tissue.  The  centre  of 
the  posterior  surface  is  deeply  grooved   f(3r  the  vertebral  column  and  aorta, 

llie  kdtt'  so  grooved  is  the  Spu/t'ltau  ;  it  rests  against  the  tenth  and  eleventh 
dorsal  vertebne,  the  aorta  and  crura  of  the  diaphragm,  but  upon  the  right  cms 
more  than  the  left.  The  right  erus  grooves  it  from  the  right  lower  corner  to  the 
left  upper  corner ;  here  also  is  the  oesophagus.  The  end  of  the  thoracic  aorta 
lies  behind  the  left  lower  corner  separated  by  the  diapliragm.  To  its  right  is  the 
fossa  or  canal  for  the  inferior  vena  cava;  to  its  left  is  tlie  furrow  for  the  obliterated 
remains  of  the  dttrlus  vcnosus  Arftntii  In  fanal  life  this  duct  establishes  com- 
munication  between  the  vena  umbilical  is  and  vena  cava  inferior.  Still  farther  lo 
the  left  of  this  is  a  groove  for  the  oesophagus  and  beginning  of  the  cardia. 

The  free  surface  of  the  Spigelian  lobe  looks  backwanb  is  nearly  vertieaU  and 
is  concave  from  side  to  side.  Its  superior  border  slopes  toward  the  upper  surface 
of  the  liver,  but  is  separated  from  it  by  a  double  layer  of  peritoneum.  Below,  its 
inferior  margin  shows  a  slight  notch  separating  a  right  part,  which  joins  the  cau- 
date tubercle  or  lobe,  and  a  left  part  called  papillary  tubercle,  tuber  papillare. 
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This  is  seen  as  the  most  prominent  part  of  the  lobe  when  the  lesser  omentum  is 
divided  in  front  This  lobe  is  the  only  part  of  the  liver  covered  by  the  peritoneum 
of  the  lesser  sac.  The  finger  goes  under  the  caudate  lobe,  through  the  furamen 
of  Winslow,  and  passes  up  behind  the  Spigelian  lobe.  Ahove^  it  is  limited  by  the 
posterior  layer  of  the  coronary  ligament;  to  the  right  it  is  obstnicted  by  the  layer 
of  the  lesser  sac  attached  to  the  caval  fossa ;  and  to  the  hft  the  finger  cannot  pass 
over  to  the  stomach  by  reason  of  the  double  layer  attached  to  the  fissure  of  the 
ductus  venosus.  All  of  the  right  lohe,  except  its  posterior  part,  and  all  of  the  left 
and  quadrate  lobes  are  covered  by  peritoneum  of  the  greater  sac.  That  on  the 
caudate  is  divided  between  the  two  sacs. 

Finally,  to  the  extreme  left  of  the  posterior  surface  we  have  the  thin  posterior 
edge  of  the  left  hbe  sharply  under-cut  by  the  inferior  surface.  His  regards  the 
tuber  oiuentale  as  on  the  posterior  surface. 

The  anterior  border  is  tliin  and  sharp  and  marked  opposite  the  attachment  of 
the  falciform  ligament  by  the  umhilieal  notch  (iocisura  umbilicalis),  and  opposite 
the  cartilage  of  the  ninth  rib  by  a  second  notch  for  the  fundus  of  the  gall-bladder 
(incisura  vesical isl.  In  adult  males  this  border  usually  corresponds  with  the  free 
margin  of  the  ribs;  in  women  and  children  it  may  project  below. 

The  Tight  extrermtt/  o{  the  liver  is  thick  and  rounded,  convex  from  before  hack- 
ward  and  usually  from  above  downward.  Its  upper  and  anterior  angles  are 
rounded.     Below  it  forms  an  acute  margin  with  the  under  surface. 

The  lefl  extremitg  is  thin  and  flattened  from  above  downward, 

Tlie  fissures  of  the  liver  closely  follow  the  lines  of  the  letter  H  {Meckel),  suppos- 
ing them  projected  upon  a  flat  surface  (Fig.  667).  Tbey  are  five  in  number, 
situated  upon  the  inferior  and  poste- 
rior surfaces  of  the  liver,  often  called 
fosHiV  instead  of  fissyres.  The  trans- 
verse fissure,  or  porta  kepatis  (gate 
of  the  liver),  is  the  most  important, 
because  the  great  vessels  and  nerves 
enter  here  and  the  hepatic  ducts  and 
lymphatics  pass  out.  It  is  a  short, 
deep  fissure,  5  cm.  long  (two  inches) 
and  12  to  15  mm.  wide  (one-half 
inch) ;  it  is  on  the  under  surface  of 
the  right  lobe,  passing  transversely  a 
little  nearer  the  posterior  surface  than 
the  anterior  margin  and  nearer  the 
left    extremity    than    the    right.      It 

separates  tlie  quadrate  lobe  in  front  from  the  caudate  and  Spigelian  lobes  behind, 
and  joins  the  two  longitudinal  fissures  at  nearly  right  angles.  The  two  vertical 
arms  of  the  H  are  represented  by  the  two  longitudinal  fissures,  right  and  left 

The  left  longitudinal^  or  sagittal, /?W«?"^  (fossa  longitudinalis  sinistra)  separates 
the  right  from  the  left  lobe,  and  is  divided  into  an  anterior  and  posterior  part  by 
its  junction  with  the  transverse  fissure.  The  anterior  part  is  the  umbilifffl  fsi<ure^ 
which  contains  the  umbilical  vein  in  the  foetus  and  its  remains  in  the  ail u It,  which 
is  then  called  the  round  ligament  (Lig.  teres).  It  lies  between  the  quadrate  and 
left  lobes  of  the  liver.  This  fissure,  and  the  one  for  the  ductus  venosus,  are  often 
bridged  over  by  liver  tissue  (pons  hepatis)^  converting  a  fissure  wholly  or  partially 
into  a  canal. 

The  posterior  part  of  the  left  longitudinal  fissure  is  not  so  marked  as  the  ante- 
rior part;  it  passes  between  the  lohe  of  Spigelius  and  the  left  lobe,  and  is  called 
the  fissure  of  the  ductus  venosus.  In  the  foetus  it  loflges  a  vein,  but  in  the  adult 
this  vein  becomes  a  slender  cord,  %.  venoHum. 

The  right  longitudinal  fissure  (fossa  longitudinalis  dextra)  runs  parallel  to  the 
left  one,  and  has  an  anterior  and  posterior  part  It  UK-ets  one  interruption  just 
behind  the  transverse  fissure,  where  the  caudate  lobe  connects  the  Spigtlian  and 
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TlO.  <MI7.— Plaenrmix)  of  a&surea  of  liver.    Schematic. 
Been  from  behind  and  be  low. 
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right  lobe.  The  posterior  part  is  the  fauna  of  the  vena  cava,  which  separates  the 
Spigelian  from  the  right  lobe,  and  is  sepurated  from  the  tninsverae  fisi*iire  by  the 
caudate  lobe.  It  is  a  deep  fossa,  sometimes  a  canul ;  at  its  upper  part  the  hepatic 
veins  enter  the  floor  of  tln^  fos.sa  and  end  in  the  vena  cava.  The  autenor  part  of 
this  longitudinal  fissure  is  the  fossa  for  the  gall-bladder, /"oMcif  vesicaliH.  The  pro- 
posed name  is  fossa  vesicie  felk^ie.  It  is  a  shallow,  oblong  fossa  on  the  under  sur- 
face of  the  right  lobe,  and  runs  from  the  incisiira  vesical  is  to  near  the  right  end 
of  the  transverse  fissure. 

The  Iran-iViTsey  umbilical,  and  vesical  fiti^un'S  are  on  the  under  surface  of  the 
liver,  and  the  Ji^tsurea  for  the  tfuctutt  venofstitt  and  vena  cud  a  are  on  the  posterior 
surface. 

Lobes. 

We  have  seen  five  lobes,  tliough  one,  the  caudate,  is  very  small.  The  bound- 
aries betweeti  rit/ht  and  left  are,  superiorly,  the  attachment  of  the  falciform  ligament; 
anteriorly,  the  umbilical  incisure  ;  inferiorly,  the  lig.  teres  in  the  umbilical  fissure; 
posteriorly,  the  tig*  venf^^uni  in  the  fissure  for  the  ductus  venosus. 

The  riffkt  lobe  is  much  larger  than  the  loft,  and  is  of  quadrate  form.  Three 
fissures  are  on  its  under  and  posterior  surfaces  :  the  transverse,  and  those  for  gull- 
bladder  and  vena  cava.  These  separate  three  more  lobes,  all  belonging  to  the  right 
one.     Three  impressions  are  s^ien — renal  and  suprarenal^  colit^  and  fluodenaL 

The  lift  hhe  is  convex  above,  but  less  so  than  the  right,  and  ccuicave  below, 
where  it  r€*sts  on  the  stomach-  This  impression  is  in  front  of  the  groove  for  the 
(Esophagus,  and  is  separatetl  from  the  longitudinal  fissure  by  the  omental  tuberosity 
which  lies  against  the  lesser  omentum  and  lesser  curvature  of  the  stomach. 

The  fuadntte  or  mptare  lobe  on  the  under  surface  of  the  right  is  bounded  ante- 
riorly by  the  ticute  niargin  of  the  liver;  to  the  right  by  the  fossa  for  the  gall- 
bladder ;  to  the  left  l>y  the  umbilical  lissure  and  behind  by  the  transverse  fissure- 
Its  length  is  greater  from  before  backward  than  iVom  side  to  side*  It  may  present 
an  iffipresHto  pt/htrira. 

The  camlate  lobe  or  tuhercle.  is  on  the  under  surface  of  the  right  lobe  between 
the  fossa  for  the  gall-bladder  and  that  for  the  vena  cava,  at  the  right  end  of  the 
transverse  fissure.  It  connects  the  right  lobe  with  the  right  lower  corner  of  the 
Spigelian  bvbe. 

The  Spitfelian  lobr  is  on  the  posterior  surfiice  of  the  right  one,  looks  directly 
backward,  and  is  wholly  included  in  the  atrium  bursa'  omentaUg,  It  reaches  below 
as  far  as  the  pancreas  and  coeliac  axis.  It  is  bounded  above  by  the  coronary  lig- 
ament ;  to  the  right  by  the  fossa  for  the  vena  cava ;  to  the  left  by  the  fissure  for 
the  ductus  venosus,  atid  btlow  by  the  transverse  fissure.  Its  left  upper  angle  is 
partly  grooved  for  tlie  oesophagus.     Its  papillart/  tubercle  looks  directly  downward. 

The  technical  natnets  of  tiie  parts  seen  on  the  three  surfaces  of  the  liver  are,  in 
order  from  left  to  right — 

Suptrior  Hurfare :  Upper  surface  left  lobe,  umbilical  incisure,  attachment  of 
falciform  ligament,  cardiac  impression  on  both  lobes,  vesical  incisure,  upper  surface 
of  right  lobe  (Fig,  665). 

Posterior  sufface  :  Thin  margin  of  left  lobe,  oesophageal  incisure,  lig.  venosum 
in  fissure  for  ductus  venosus,  lobus  Spigelii  in  front  of  the  tenth  and  eleventh  dorsal 
vertebra^ ;  papillary  tubercle ;  fossa  for  the  vena  cava  and  hepatic  veins ;  non- 
peritoneal  imprCv^sion  for  part  of  the  right  suprarenal  cap.«?ule;  non-peritoneal  sur- 
face of  right  lobe  for  the  diaphragtn  (Fig.  606). 

Infer  tor  surfafe :  Gastric  impression  on'  the  under  surface  of  left  lobe;  tuber 
omentale  which  inrliides  lower  left  part  of  S]*igelian  lobe;  umbilical  fissure  and  lig, 
teres;  quadrate  lobe  with  impressio  pyloric  a  and  duodenal  is  (first  portion) ;  fossa 
for  gall-bladder ;  remainder  of  under  surface  of  right  lobe;  impressio  duodenalis 
(.second  portion) ;  peritoneal  impression  for  suprarenal  capsule ;  impressio  renalk 
posteriorly,  and  colica,  anteriorly. 

Ther<^  are  some  ahwrmal  forms  of  the  liver.     Frequently  the  left  lobe  is  so 
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elongated  it  may  reach  the  epleen  or  even  be  hooked  around  it  or  inseparably  fused 

with  it.     The  papillary  tubercle  may  be  so  developed  as  to  form  a  separate  lubule. 
An  accessory  lobe  may  be  attached  to  the  left  one,  united  by  peritoneum  and  blood- 
vessels.    Many  times  the  number  of  lobes  are  diminished  and  the  form  becomes] 
square  or  spherical     More  often  the  number  of  lobes  increases,  separated  by  short 
deep  clefts  called  rim€P  opccp. 

Besides  congenital  changes,  others  may  be  acquired  by  pressure.  By  excessive 
lacing  in  women  the  superficial  part  of  the  liver  will  become  atrophic  and  the  peri- 
toneal coat  will  become  thicker.  On  the  convex  surface  of  the  liver  a  transverse 
furrow  will  he  established  dividing  oiT  an  anterior  portion,  especially  of  the  right 
lobe.  This  part  will  be  pushed  down  into  the  abdominal  cavity,  and  may  become 
almost  separated  from  the  rest — tlie  ''corset  liver/'  If  the  liver  be  more  resistant, 
its  surface  may  show  the  ilat,  stripe-like  impressions  occai^ioned  by  tlie  ribs. 

Ligaments  and  Peritoneal  Relations.— The  liver  is  connectt'd  in  part  by  peri- 
toneum to  the  roof  of  the  abdominal  cavity,  to  the  anterior  wall,  to  the  stomach, 
duodenum,  right  kidney,  and  hepatic  i^exure  of  colon,  whereby  the  following  peri- 
toneal folds  or  ligaments  are  to  be  distinguished.  With  one  exception  they  are 
peritoneal  folds- 

The  car  (man/  li[qament  connects  the  posterior  surface  of  the  liver  to  the  dia- 
phragm. Its  two  layers  surround  the  rough  triangular  surface  seen  or*  the  pos- 
terior part  of  the  right  lobe,  which  is  connected  directly  to  the  diaphragm  by 
areolar  tissue.  These  layei*8  are  reflections  from  the  parietal  peritoneum  descending 
from  the  diaphragm.  Tins  ligament  has  three  portions  (Fig.  668),  The  rit/ht 
pari  m  much  the  bigger  and  its  layers  are  far  apart,  enclosing  the  posterior  rough 
surfSE^ce  of  the  right  lobe,  The  two  layers  are  derived  from  the  peritoneum  of  the 
greater  sac.  A  titiddh'  portion  is  seen  above  the  Spigelian  lobe.  The  two  layers  i 
are  close  together;  the  anterior  one  belongs  to  the  greater  sac,  and  the  posterior 
one  to  the  lesser.  Farther  to  the  left  is  a  third  narrow  portion  continued  into  the 
left  lateral  ligament.  Both  layers  here  belong  to  the  greater  sac.  On  either  end 
of  the  coronary  ligament  the  two  layers  of  peritoneum  grailnally  approach,  and 
finally  unite,  thus  forming  the  riffht  and  ieft  lateral  liqajftents  as  proloDgatioiis  of 
the  coronary.  As  they  enclose  a  triangular  space^  they  are  also  called  triangidar 
lit/ament»  ;  the  left  is  the  longer,  and  lies  in  front  of  the  oesophagus.  The  right  is 
often  imperceptible. 

The  su^penmry^  hngitudinal^faJeiforvi^  or  hroud  ligament  is  a  part  of  the  old 
anterior  mesentery  of  the  stomach  and  duodenum.  The  liver  was  developed  in  it, 
budding  out  from  the  duodenum,  where  its  duct  is  still  attached.  This  is  a  thin 
membrane  which  passes  nTitcro-fiosteriorly  above  the  liver  and  below  it.  Above  it 
meets  the  coronary  ligauient  at  right  ungles.  By  one  of  its  margins  it  is  connected 
with  the  posterior  layer  of  the  sheath  of  the  right  Rectus  abdominis  muscle  as  far 
as  the  umbilicus,  and  above  to  the  under  surface  of  tlie  diaphragm,  \shere  it  spreads 
out  to  the  right  and  left.  By  its  other  margin  it  is  attached  along  the  upper  sur- 
face of  the  liver,  its  left  layer  passing  over  the  left  lobe  and  continuing  into  the 
left  part  of  the  coronary  and  left  lateral  ligament.  Its  right  layer  passes  over  the 
right  lobe  and  corresponding  ligaments.  The  retriuining  margin  is  free  and 
rounded,  and  passes  from  the  interlobular  notch  to  the  transverse  fissure  of  the 
liver.  It  contains  between  its  two  layers  the  intra-ab^lominal  part  of  the  umbilical 
vein  of  the  foetus,  now  a  fibrous  cord,  the  round  ligament  (Tig.  hepato-umbilicalis), 
which  is  lodged  in  the  umbilical  fissure.  Also  between  the  two  layers  run  some 
branches  of  the  epiga.'?tric  veins  anastomosing  with  the  portal  system,  little  twigs 
of  the  phrenic  arteries,  numerous  lymphatics,  and  branches  of  the  phrenic  nerve 
which  are  destined  for  the  serosa  of  the  liver  and  for  the  peritoneum  of  the  anterior 
abdominal  wall.  In  its  natural  position  the  falciform  ligament  forms  a  pocket, 
whiclu  with  the  diaphragm  and  abdominal  wall,  enclose  the  convex  upper  part  of 
the  left  lobe  of  the  liver.     This  ligament  has  no  function  of  suspension. 

Besides  these  there  are  others  hanlly  less  marked  which  we  have  noted  in  the 
study  of  the  peritoneum.     The  leucr  ouientum  (lig.   gastro-hepaticum)  with  its 
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two  layers  attached  to  the  anterior  and  posterior  borders  of  the  transverse  fissure, 
descends  to  the  lessor  curvature  of  the  stomach,  containing  between  its  layers 
some  ascending  branches  of  the  left  vagus  nerve.  The  posterior  layer  descends 
behind  the  stomach  as  the  anterior  wall  of  the  bursa  omen  talis,  and  arches  behind 
the  cardia  into  the  posterior  wall  of  this  bursa.  On  the  right  both  layers 
unite,  forming  a  free  edge,  constituting  the  anterior  margin  of  the  foramen  of 
Wins  low. 

This  edge,  whose  layers  separate  below  and  nearly  enclose  the  whole  of  the 
superior  curve  of  the  duodenum,  constitutes  the  %.  JiepatO'dtiodenale.  which  con- 
tains the  portal  vein,  hepatic  artery,  common  bile-duct,  lymphatics  and  nerves 
(not  hepatic  veins). 

A  part  of  this  ligament  passes  on  over  the  duodenum  into  the  great  omentum 
and  reaches  the  transverse  colon.      This  is  the  hepato-eoltG  lufament  (Fig.  635), 

The  /i}/.  hepato-renale  passes  down  from  the  under  surface  of  the  right  lobe 
'rising  near  the  neck  of  the  gall-bladder  and  vena  cava  and  hehind  the  foramen  of 
Winslow  to  the  upper  part  of  the  right  kidney.  It  possesses  a  free  edge  directed 
forward.  Between  this  and  the  right  lateral  ligament  of  the  liver  is  often  a  recess, 
re€e89U9  hepafo-reuaUs^  into  which  fits  the  right  end  of  the  inferior  and  posterior 
surfaces  of  the  liver.  The  posterior  wall  of  this  recess  tniiches  in  part  the  right 
suprarenal  capsule  and  in  pan  the  right  kidney.  That  part  of  the  hepato-duode- 
nal  ligament  which  rises  from  the  gaO-bh^dder  is  the  Ufh  ctintko-diiffdenale. 

TJie  ligaments  of  the  liver  are  foronanf,  right  and  left  lateral  or  triang^ular^ 
fahiform  or  suspensory,  round  or  N*/,  hepato-umhiiieaits,  lesBer  omentum^  which 
consists  of  h'g,  htpa(o-(fa»tricum  and  %.  IiepatO'duodenahy  Hg.  ci/stieo-duoclenale^ 
lit/,  hepatQ'CoUcum,  and  %.  hepato-renale  (Figs.  615  and  63o). 

Peritoneal  Lines.— Beginning  at  the  left,  we  see  the  space  between  the  two  layers 
of  the  left  lateral  ligament  (Figs.  668  and  665).    The  anterior  layei'  belongs  wholly 
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to  the  greater  sac.  It  passes  from  the  left  lateral  ligament  to  the  left  layer  of  the 
falciform,  forming  a  part  of  the  coronary.  Tliis  becomes  continuous  with  the 
right  hiyer  at  the  umbilicus.  The  right  layer  runs  along  the  upper  margin  of  the 
liver,  making  the  middle  part  of  the  coronary  ligament,  and  then  goes  to  the  right, 
forming  the  rest  of  the  coronary  in  front  of  the  posterior  rough  snrface  on  the 
liver,  finally  ending  in  the  right  lateral  ligament.  Taking  the  posterior  layer 
from  this  point,  we  shall  see  it  belongs  mostly  to  the  greater  sac.  It  first  completes 
the  right  lateral  ligament,  then  runs  behind  the  rough  surface  and  enters  into  the 
impressio  renalis,  forming  the  lig,  liepato-renale.  It  then  passes  under  the  rough 
impressio  suprarenale  in  front  of  the  venji  cava  and  behind  the  tuberculum  caudi^ 
turn  to  the  lob  us  Spigelii.  It  .ascends  on  high  to  the  left  of  the  vena  cava,  sur- 
rounds the  upper  end  of  the  Spigelian  lobe,  descends  on  its  left  side,  turns  m 
front  of  the  papillai-y  tubercle*  follows  the  anterior  edge  of  the  caudate  tubercle, 
and  goes  hack  to  the  right  lobe.     It  here  enters  upon  the  under  surface  of  the 
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gall-bladder  and  undergoes  a  more  or  leas  sharp  bend,  and  passes  to  the  anterior 
margin  of  the  transverse  fissure,  following  the  posterior  edge  of  the  quadrate  lobe 
to  the  left.  It  now  reaches  the  tuber  omentale,  ascends  on  the  left  side  of  the 
fisiiure  for  the  ductus  venosus,  and,  making  nearly  a  right  angle,  is  prolonged  above 
upon  the  left  lobe.  Here  it  forms  the  posterior  edge  of  the  lateral  ligament.  All 
the  parts  between  the  lines  thus  traced  are  not  covered  by  peritoneum.  This  all 
belongs  to  the  peritoneum  of  the  greater  sac  except  that  which  surrounds  the 
Spigelian  lobe;  this  belongs  to  the  lesser  sac  or  atrium  of  the  omental  bursa. 

Kelatdons  of  the  Liver. 

It  lies  in  both  hypochondria  and  in  the  epigastrium.  It  completely  fills  the 
right  hypochondrium  and  sometimes  enters  the  riglit  lumbar  region.  Its  entire 
right  lobe  lies  in  the  right  side  of  the  abdominal  cavity  ;  only  the  left  lobe  reaches 
the  left  half  of  the  body.  The  left  longitudinal  fissure  and  the  attachment  of  the 
broad  ligament,  and  the  interlobar  incisure  which  mark  the  limits  between  the  right 
and  left  lobes,  correspond  almost  always  to  the  median  line  of  the  body  (Fig.  ♦J'ZG). 
Its  convex  upper  surface  fits  itself  to  the  concavity  of  the  diaphragm,  in  wbich  it 
glides  as  if  in  a  joint-socket.  The  upper  limit  of  tlie  liver  corresponds  to  tliat  of 
the  diaphragm.  On  the  right  side  in  the  mammary  line  it  is  at  the  njiihlle  of  the 
fourth  intercostal  space ;  on  the  left  in  the  mammary  line  it  is  at  the  upper  border 
of  the  fifth  space.  It  does  not  usually  go  beyond  this  line.  Above  the  right  lobe 
rests  the  concave  base  of  the  right  lung.  In  percussing  the  side  of  the  chest  down- 
ward three  regions  are  noted — first,  one  of  relative  liver  dulness,  where  it  is  covered 
by  the  lung;  second,  the  region  of  costo-phrenic  sinus,  where  diaphragm  and  not 
lung  intervenes ;  third,  absolute  liver  dullness  below  the  diajihragm.  A  stab  here 
could  wound  at  the  same  time  the  pleura,  right  lung,  diaphragm,  peritoneum,  and 
convex  surface  of  the  liver.  Above  the  right  and  left  lobes  are  the  heart  and  then 
the  left  lung.  The  convex  surface  of  the  liver  is  covered  on  the  right  side  by  the 
greater  part  of  the  lower  six  or  seven  ribs,  but  usually  stops  at  the  eleventh.  An- 
teriorly it  is  behind  the  fifth,  sixth,  seventh,  eightli,  and  ninth  costal  cartilages 
and  the  ensiform  cartilage.  A  part  of  the  Itver  surfiice  comes  into  direct  contact 
with  the  anterior  abdotuinal  wall.  From  between  the  ninth  and  tenth  rib  curtilages 
the  liver  passes  under  tlie  right  costal  arch  into  the  epigastrium.  Close  under  the 
ensiform  process,  at  a  spot  usually  called  gastric  fossa,  lies  a  part  of  the  liver  wliich 
is  turned  forward  and  touches  the  abdominal  wall  more  closely.  In  women  with  a 
"corset  liver'*  the  part  in  direct  contact  with  the  wall  is  much  greater.  Here 
some  loops  of  intestine  or  transverse  colon  may  intervene  and  a  dulness  will  be 
found  in  percussing  the  mesogastrium,  modified  by  a  tympanitic  sound. 

The  under  Aurfaee  of  the  liver  is  in  contact  by  its  right  lobe  directly  with  the 
upper  two-thirds  of  the  right  kidney,  and  internal  to  that,  with  tlie  descending 
duodenum,  and  above  both,  near  the  vena  cava,  with  the  suprarenal  capsule  which 
also  touches  the  posterior  surface  (His).  Lateral  to  the  gall-bladder  is  the  colon, 
internal  to  it  the  quadrate  lobe  witTi  the  portio  pylorica  of  the  stomach  in  relation. 
Going  to  the  left  and  above,  we  find  the  tuber  omentale,  and  still  more  laterally 
the  whole  concavity  of  the  left  lobe  covering  the  lesser  curvature,  the  cardia.  and 
adjacent  part  of  the  anterior  surface  of  the  stomach.  In  an  empty  contracted 
stomach  it  may  cover  the  fundus. 

The  posterior  edfje  and  mtrfaee  rest  against  the  tenth  and  eleventh  dorsal  ver- 
tebrae and  the  posterior  ends  of  those  ribs.  This  part  also  rests  on  the  crura  of  the 
diaphragm,  covers  the  oesophagus,  and  embraces  the  vena  cava.  Against  it  are 
the  aorta,  thoracic  duct,  nerves,  and  small  vessels  which  rise  from  the  vertebral 
column,  but  are  separated  from  the  liver  by  the  diaphragm. 

The  anterior  edge  of  the  liver  follows,  in  the  right  hypochondrium,  the  tenth 
and  eleventh  ribs,  but  normally  does  not  extend  over  the  anterior  end  of  the  last. 
Should  one  in  quiet  respiration  feel  the  liver  lower  than  this  point,  there  is  enlarge- 
ment or  displacement.     Between  the  ninth  and  tenth  ribs  the  anterior  edge  of  the 
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liver  leaves  the  costal  arch  and  passes  obliquely  from  right  to  left,  ascending  to  the 
anterior  end  of  the  left  eighth  rib.  In  case  of  a  thin  abdominal  wall  this  anterior 
etige  of  the  liver  can  be  felt  as  it  passes  through  the  epigastrium.  This  part  can 
contract  adhesions  with  the  walK 

Relations  in  Detail. 

Antero-superlorh/ : 

Diaphragm  ; 
Right  \\m\  left  lungs; 
Pericardium  and  heart ; 
Anterior  abdominal  wall; 
f  Six  or  seven  lower  ribs ; 
\  Fifth  to  ninth  costal  cartilage* 


On  the  right 


Inferiorly : 


Right  kidney  nnd  capsule ; 

*  Hepatic  flexure  of  colon  ; 
Descending  duodenum  ; 
Gall-bladder  and  cystic  duct ; 
Vessels  at  portal  fissure ; 

*  Pyloric  end  of  stomach  ; 
'  Superior  curve  of  duodenum ; 

*  Cardia ; 
'  Lesser  curvature  of  stomach  ; 

Anterior  surface  stomach,  small  part  (sometimes  fundus  of  stomach). 

Po^terhrly : 

Diaphragm  ; 

Tenth  and  eleventh  dorsal  vertebrae ; 

End  of  tenth  and  eleventh  ribs ; 

Crura  of  diaphragm  ; 

^Esophagus  ; 

Aorta ; 

Vena  cava  inferior; 

Thoracic  duct ; 

Non-peritoneal  impression  for  right  suprarenal  capsule. 

The  Fixation  of  the  Liver, — The  liver,  compared  with  other  intraperitoneal 

organs,  has  a  firm  position,  due  to  its  fusion  with  the  diaphragm.  The  peritoneal 
folds  aid  this  fixation  by  connecting  the  liver  to  the  concavity  of  the  dia- 
phragm. They  are  the  falciform,  or  suspensory,  coronary,  and  right  and  left  lateral 
ligaments.  In  spite  of  this  fixation,  the  liver  experiences  certain  physiological 
changes  and  variations  of  position.  It  passes  downward  and  forward  in  inspira- 
tion^ and  in  expiration  is  pushed  upward  and  backward.  It  moves  up  and  down 
1  to  1,5  cm.  In  inspiration  Hasse  finds  a  stretching  of  the  liver;  in  expiration,  a 
compression.  These  changes  exert  an  influence  over  the  circulation  of  the  liverj 
The  dilatation  of  the  vessels  accomponying  the  expansion  of  the  liver  during  inspi- 
ration favors  the  influx  of  portal  blood  :  during  expiration  ami  the  accompanying 
compression  the  b!ood  in  the  open  hepatic  veins  is  pressed  into  the  vena  cava. 

Also  the  liver  suflfers  small  displacements  occasioned  by  changes  in  the  position 
of  the  body.  In  the  horizontal  supine  position  it  falls  back  upon  the  diaphragm, 
and  its  anterior  margin  is  more  concealed  behind  the  ribs.  In  the  erect  position 
the  liver  descendB  a  little  below  the  costal  arch.  The  horizontal  lateral  position  of 
body  also  has  influence,  displacing  it  a  litfle  toward  the  left  or  the  right,  as  the  case 
may  be.  Furthermore,  by  relaxation  of  ligaments,  sometimes  in  women  after  chiM- 
birth,  a  '*  dislocation  '*  of  the  liver  results,  or  ''  wandering  liver."  Any  pathological 
displacements  of  the  diaphragm  also  aff'ecfc  the  liver,  as  effusions  into  the  thoracic 
cavity  ;  also  ascites,  tympanites,  or  tumors  in  the  abdominal  cavity. 
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Vessels .^^ — The  blood-supplj  of  the  liver  follows  a  double  course  through  the 
portal  vein  and  hepatie  artenf.  The  greatest  amount  of  blood  flowing  through 
the  liver,  thus  differing  from  other  organs,  comes  from  the  veins  of  the  digestive 
tract  and  of  the  spleen,  which  unite  into  u  great  vessel, /A^'  vena  porfarum  or  portce* 

The  hepatir  mien/  and  portal  vein^  accouipanied  by  numerous  lymphatics  and 
nerves,  ascend  to  the  transverse  fissure  between  the  layers  of  the  gastro-hepatic 
omentum.  The  hepatie  duct,  lying  in  company  with  them,  descends  from  the 
transverse  fissure  between  the  layers  of  the  same  omentum.  The  relative  position 
of  the  three  structures  is  as  follows :  the  hepatic  duct  lies  to  the  right,  the  hepatic 
artery  to  the  left,  and  the  portal  vein  behind  and  betwx-en  the  other  two.  They 
are  enveloped  in  a  loose  areolar  tissue,  the  capsule  of  (.Tlisson,  which  accompanies 
the  vessels  in  their  course  through  the  portal  eanah  in  the  interior  of  the  organ. 

In  tlie  transverse  fissure  this  portal  vein  split^s  into  two  trunks,  the  right  and 
left,  for  lobes  of  the  same  name.  At  the  point  of  division  is  an  enlargement,  the 
»itius  vena'  portw.  They  enter  the  liver  substance  and  subdivide  dichotomously  into 
smaller  branches,  which  do  not  anastomose.  They  end  in  the  interlobular  connec- 
tive tissue  in  three  to  five  twigs,  and  form  a  rich  plexus  around  each  lobule,  inters 
lobular  veins.  These  lose  themselves  in  a  capillary  network,  which  penetrates  the 
lobule  in  a  ray-shaped  manner,  and  are  collected  at  its  centre  into  a  little  vein,  the 
vena  eefitraUs  or  ifitraloimlur  rein.     These  are  the  roots  of  the  hepatic  veins. 

The  characteristic  point  of  the  blood -cur  rent  of  the  portal  system  consists  in 
this :  it  must  first  pass  through  a  capillary  circulation  before  it  enters  the  inferior 
vena  cava. 

Accompanying  the  portal  vein  is  the  hepatie  artery,  a  branch  of  the  cosliac 
axis,  which  divides  at  the  transverse  fissure  into  a  right  and  left  branch.  The 
twigs  of  the  chief  branches  follow  those  of  the  portal  vein,  which  accompany  them 
singly  or  doubly:  The  hepatic  artery  supplies  chiefly  the  connective  tissue  and 
the  capsule  of  the  liver.  In  the  serous  covering  it  anastomoses "^'ith  the  phrenic 
and  internal  mammary  arteries. 

The  intralobular  veins  form,  so  to  speak-,  the  pedicles  of  the  lobules,  and,  after 
their  e^xit  from  each  empty  at  an  acute  angle  into  bigger  veins,  the  sublobular. 
These  larger  veins  unite  with  each  other  and  form  numerous  valvt^less  hejudie  veins^ 
which,  draining  the  blood  from  the  circulation  of  the  portal  vein  and  hepatic 
artery,  make  their  way  to  the  posterior  surfiice  of  the  liver  and  empty,  us  three 
large  trunks  and  a  number  of  small  ones,  into  the  vena  cava.  These  hepatie  veinn 
have  no  cellular  investment,  and  their  walls  are  directly  adherent  to  the  surround- 
ing liver  substance,  while  the  branches  of  the  portal  vein,  hepatic  artery,  and 
hepatic  duct  are  enclosed  hy  loose  connective  tissue,  and  the  three  go  together  in 
a  portal  rait  a  l. 

Wlien  the  arterial,  portiil,  and  biliary  twigs  are  seen  in  the  same  connective  tissue 
sheath,  the  portal  twigs  are  the  strongest,  and  the  arteries  have  the  smallest  lumen* 

On  section  of  a  piece  of  liver  the  open  solitary  holes  are  tlie  cut  hc^patic  veins, 
unable  to  collapse  on  account  of  their  close  relation  to  the  liver-tissue.  For  this 
reason  hemorrhage  is  go  dangerous  in  wounds  of  the  liver.  The  branches  of  the 
portal  vein  collapse  on  cross-section. 

According  to  Sap|jey,  there  are  five  sets  of  accessory  portal  veins.  The  liver 
does  not  receive  all  its  blood  from  the  hepatic  artery  and  vena  portie. 

The  first  t/rrmp  occupies  the  lesser  omentum,  and  consists  of  venules  from  the 
lesser  curvature  of  the  stomach.  When  the  pyloric  vein  rises  high  it  joins  this 
group,  which  is  distributed  to  the  lobes  just  in  front  of  and  just  behind  the  trans- 
verse fissure. 

The  second  (jroup  is  more  important,  and  consists  of  twelve  to  fifteen  little  veins 
rising  from  the  fundus  of  the  gall*bladiler  and  distributed  to  the  fossa  vesicalis. 
Two  cystic  veins  here  usually  open  into  the  right  branch  of  the  portal  vein. 

The  tliird  t/roup  includes  all  the  venules  rising  in  the  walls  of  the  portal  vein, 
hepatic  artery,  and  hepatic  duct.     They  lose  themselves  in  the  subjacent  lobolea. 

The  fourth  group  consists  of  veins  descending  from  the  middle  portion  of  the 

67 


1058 


THE   OBOANS   OF  DIGESTION. 


diaphragm  in  the  falciform  ligament.     They  ramify  in  the  lobes  adjoining  the 
ligament.     They  are  almost  capillary  and  anastomose  with  each  other. 

The  Jiff h  i/roup  is  formed  of  veins  passing  from  the  subumbilical  part  of  the 
abdominal  wall  to  the  left  longitudinal  fissure  of  the  liver.  They  are  situated  ' 
the  inferior  part  of  the  falciform  ligament.  The  most  important  end  at  the  umbilt^ 
cal  incisure  of  the  liver;  others  end  in  tbe  umbilical  fissure;  and  others,  very  lieli- 
cate,  surround  the  round  ligament :  one  or  two  constantly  empty  into  the  left  portal 
branch.  At  their  origin  these  veins  communicate  with  the  epigastric  veins,  inter- 
nal mammary,  and  the  tegumentary  veins  of  tbe  abdomen. 

The  fourth  and  fifth  gronps  do  not  come  from  the  alimentary  tract,  and  hence 
establish  an  anastomosis  between  the  portal  and  general  venous  sy sterna.  These 
branches  w^ould  dilate  in  some  chronic  diseases  of  the  liver  and  aid  the  obstructed 
portal  system. 

The  hepatic  duet  is  formed  at  the  transverse  fissure  by  two  tribiitari€?s,  one 
from  the  right  and  one  from  the  left  lobe.  The  calibre  of  each  nearly  etjuals  that 
of  the  trunk  formed.  The  tributaries  to  these  two  branches  start  from  the  inter- 
lobular spaces  in  company  with  the  portal  and  arterial  twigs. 

The  it/mph-reiifseh  form  a  superficial  and  deep  set. 

The  superficial  lymph- vessels  of  tlie  amtu:x  mirfaee  belong  either  to  the  poste-^ 
rior  half  or  to  the  anterior  half  of  tbe  liver.     Those  of  the  posterior  half  form 
several  groups,  and  from  right  to  left  are  found  first  on  the  right  e<lge,  a  larger 
lymph-vessel  which  runs  around  to  the  right  lateral  ligament,  and  from  there  to 
'the  inferior  surface,  and  empties  into  a  gland  on  the  head  of  the  pancreas. 

Then  comes  a  series  of  lymph -vessels  which  go  over  to  the  coronary  ligament, 
and  from  there  to  the  j>osterior  surface  of  the  liver,  and  empty  into  the  lymphatic 
glands  which  lie  on  the  inferior  vena  cava  just  above  the  l)ia|jhragm.  Along  the 
falciform  ligament  from  the  right  as  well  as  from  the  left  lobe  is  developed  a  rich 
network  of  vessels  which  unite  into  several  larger  trunks-  These  run  betwe 
both  layers  of  the  falciform  ligament,  and  join  fiiuilly  to  form  a  big  trunk  whi 
pierces  the  Diaphragm  and  empties  into  glands  situated  above  this  at  its  point  of 
fiision  with  the  pericardium. 

Those  vessels  springing  more  laterally  from  the  left  lohe  of  the  liver  empty 
into  glands  situated  more  to  the  right,  lying  on  the  vena  cava  ;  the  vessels  rising 
to  the  left  of  the  left  lateral  ligament,  and  from  it,  empty  into  glands  situated  on 
the  lower  part  of  the  cesophagus. 

Those  vessels  springing  from  the  antc^rior  half  of  the  convex  surface  arch 
around  the  anterior  margin  of  the  liver  and  run  into  the  glands  situated  in  the 
transverse  fissure,  Tl»e  vessels  of  the  under  surface  also  pass  to  those  same 
glands,  (Jnly  a  few  twigs  arising  on  the  posterior  surfiice  of  the  liver  end  in  the 
glands  lying  on  the   vena  cava. 

Of  the  deeper  lymph- vessels,  some  accompany  the  portal  veins,  and  others  the 
hepatic  veins.  The  first,  fifteen  or  eighteen  in  number,  empty  into  the  glands  sur- 
rounding the  neck  of  the  gall-bladder.  The  last  accompany  the  hepatic  veins  to 
the  vena  cava,  fi\'ti  or  six  in  number,  and  pass  through  the  foramen  venae  cavse  of 
the  Diaphragm,  and  empty  into  glands  situated  just  above  it. 

MicroscopicaUy  tlie  lymphatics  are  seen  in  Glisson's  capsule  in  the  interlobular 
spaces  J  where  they  accompany  the  blood-vessels.  They  rise  from  lymph-spaces  in 
the  intralobular  plexus. 

The  nerveB  come  from  two  sources,  left  vagus  and  eoiliac  plexus.  The  left 
vagus  after  ita  passage  through  the  oesophageal  opening  gives  off  twigs  which  turn 
from  left  to  right  along  the  lesser  curvature  of  the  stomach,  between  the  two  layers 
of  the  lesser  onu^ntum,  to  accompany  the  branches  of  the  portal  veins.  Those 
twigs  from  the  cteliae  plexus  are  much  more  numerous,  and  come  from  three 
sources,  right  vagus,  phrenic,  and  great  sympathetic.  They  meet  the  hepatic 
artery  and  follow  this  to  the  transverse  fissure.  The  nerves  all  divide  into  right 
and  left  sets,  which  accompany  the  branches  of  tlie  artery,  of  the  portal  vein,  and 
the  tributaries  of  the  hepatic  duct.    They  terminate  in  fm^  tree-like  endings,  show- 
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ing  varicosities,  and  are  distributed  to  the  blood-vessels  and  dncts,  and  to  spaces 
between  the  liver-cells,  and  follow  the  biliary  cunaliculi  (Berkeley).  The  phrenic 
nerves  supply  part  of  the  external  surface  of  the  liver. 

Striicture.— The  substance  of  the  liver  is  cnEiposed  of  lobnles  held  together  by 
an  extremely  fine  areolar  tissue,  and  of  the  ramifications  of  the  portal  vein,  hepatic 
duct,  hepatic  artery,  hepatic  veins,  lymphatics,  and  nerves,  the  whole  being 
invested  by  a  serous  and  a  fibrous  coat. 

The  meroum  coaf  is  derived  from  the  peritoneum,  and  invests  the  greater  part 
of  the  surface  of  the  organ.     It  is  intimately  adherent  to  the  fibrous  coat. 

The  fihrous  coat  lies  beneath  the  serous  investment  and  covers  the  entire  sur- 
face of  the  organ.  It  is  difficult  of  demonstration,  excepting  where  the  serous 
coat  is  deficient.  At  the  transverse  fissure  it  is  continuous  with  the  capsule  of 
Glisson,  and  on  the  surface  of  the  organ  with  the  areolar  tissue  separating  the 
lobules. 

The  lobules  form  the  chief  mass  of  the  hepatic  substance;  they  may  be  seen 
either   on   the  surface  of  the  organ  or  by  making  a  section  through  the  gland. 
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Fio.  d69.— lAingitudfnal  section  of  an  hepatic 
Teln.    (Alter  Kieman.) 
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Fig.  GTO— Longitudinal  section  of  a  snmll  portal 
vein  and  canal.    (After  Kiernau.; 


They  are  small  granular  bodies  about  the  size  of  a  millet-seed,  measuring  from 
one*twentieth  to  one-tenth  of  an  inch  in  diameter.  In  the  human  subject  their 
outline  is  very  irregular,  but  in  some  of  the  lower  animals  (for  example,  the  pig) 
they  are  well-defined,  and  when  divided  transversely  have  a  polygonal  uutline. 
If  divided  longitudinally  they  are  more  or  less  foliated  or  oblong.  The  bases  of 
the  lobules  are  clustered  round  the  smallest  radicles  (sublolmlar)  of  the  hepatic 
veins,  to  which  each  is  connectt^d  by  means?  of  a  small  branch  which  issues  from 
the  centre  of  the  lobule  (intndolnihtr).  The  remaining  part  of  the  surface  <*f  each 
Inbule  is  imjH^rfectly  isolated  from  the  surrounding  lobules  by  a  thin  stratum  of 
areolar  tissue  in  which  is  contained  a  plexus  of  vessels  (the  interlohular  plexm) 
and  ducts.  In  some  animals,  as  the  pig,  the  lobules  are  c(>mpletely  isolated  one 
from  another  by  this  interlobular  areolar  tissue. 

If  one  of  the  sublobular  veins  l^e  laid  0|ien,  the  bases  of  the  lobules  may  be 
seen  through  the  thin  wall  of  the  vein  un  which  they  rest,  arranged  in  the  form 
of  a  tessclated  pavement,  the  centre  of  each  polygonal  space  presenting  a  minute 
aperture,  the  mouth  of  an  intralobular  vein  (Figs.  669  and  671), 

Microscopic  Appearance. — Each  lobute  is  com|*t)sed  of  a  mass  of  cells  (hr/nHiv 
cella)  surroiinded  by  a  dense  capillary  plexus.  c(un posed  of  vessels  which  penetrate 
from   the   circumference  to  the  centre  of  the  lobule,  and  terminate  in  a  single 
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straight  vein,  which  rtms  through  its  centre,  to  oijeia  at  its  base  into  one  di 
the  radicles  of  the  hepatic  vein.  Between  the  cells  are  also  the  minute  com- 
mencements of  the  bile-duct8.  Therefore  in  the  lobule  we  have  all  the  essen- 
tials of  a  secreting  gland;  that  is  to  say;  (1)  ceih^  by  which  the  secretion  13 
formed;  (2)  Mood-vesseh^  in  close  relation  with  the  cells,  containing  the  blood 
from  which  the  secretion  is  derived;  and  (B)  duets,  by  which  the  secretion, 
when  formed,  is  carried  away.  Each  of  these  strnctiires  will  have  to  be  further 
considered. 

(1)  The  ht'patf't'  ndh  are  of  more  or  less  spheroidal  form,  hut  may  he  rounded, 
flattened,  or  many-sided  from  mutual  compression.  They  vary  in  size  from  the 
X^jyji  to  the  ':^^fyjf  of  an  inch  in  diameter.  They  consist  of  a  honeycomb  net- 
work (Klein)  without  any  cell-wall,  and  contain  one  or  sometimes  two  distinct 
nuclei.  In  the  nucleus  is  a  highly  refracting  nucleolus  with  granules.  Embedded 
in  the  honeycomb  network  are  numerous  yellow  jmrticles,  the  coloring  matter  of 
the  bile,  and  oihglnhiiles.  The  cells  adhere  together  by  their  surfaces  so  as  to 
form  rows,  which  radiate  from  the  centre  to  the  circumference  of  the  lobules-  As 
statctl  above,  they  are  the  chief  agents  in  the  secretion  of  the  bile. 

(2)  Thf  BhfOil-i'eMHt'h. — The  blood  in  the  capillary  plexus  around  the  liver- 
cells  is  brought  to  the  liver  principally  by  tlie  porta!  vein,  hut  also  to  a  certain 
extent  by  the  hepatic  artery.  For  the  sake  of  clearness  the  distribution  of  the 
blood  derived  from  the  hepatic  artery   may   be  considered  iirst. 

The  hfpath'  arterj/^  entering  the  liver  at  the  tran,s verse  fissure  vcUh  the  portal 
vein  and  hepatic  duct,  ramifies  with  these  vessels  through  the  portal  canals.  It 
gives  o(f  mvjitial  bratjehes  which  nunify  in  the  capsule  of  Glisson,  and  appear  to 
be  destined  chiefly  fiir  the  nutrition  of  the  coats  of  the  large  vessels,  the  ducts, 
and  the  investing  membranes  of  the  liver.  It  also  gives  off  capmihr  hranrhes 
which  reach  the  surfiice  of  the  organ,  terminating  in  its  fibrous  coat  in  stellate 
plexuses.  Finally  it  gives  ofi"  fnfi'rhd*uhr  (franchra  which  form  a  plexus  on  the 
outer  side  of  each  lobule^  to  supply  its  wiill  and  the  accompanying  bilenluct^. 
From  this,  lobular  branches  enter  the  lobule  and  end  in  tlie  capillary  network 
between  the  cells.  Some  anatomists,  buwever,  doubt  whether  it  transmits  any 
blood  directly  to  the  capillary  network. 


Fig.  671.— Croea  section  of  ii  lobule  of  tlio  liumaii  Uver,  shnivlne  cjipiUftry  network  between  ponal  and 
hepatic  velni.  (Sappey,)  1.  Secikm  of  Intralobular  veio.  2,  z  Tributaries  from  capillary  net-work-  a,  3 
Interlobular  veins  from  vena  port??. 

The  portal  imti  (Fig.  670)  alwo  enters  at  the  transverse  fissure  and  runs 
through  the  portal  canals,  enclosed  in  Glisson's  capsule,  dividing  into  br&Qches  in 
its  course,  which  finally  break  up  into  a  plexus  (the  interhbular  plexuis)  in  the 
interlobular  i^paces  between  the  lobules.  In  their  course  these  branches  receive 
the    vaginal    and    capsular    veins,    corresponding    to    the    vaginal    and    capsular 


braDches  of  tlie  hepalic  artery  (Fig.  6T0).  Thus  it  will  be  seen  that  all  the 
blood  Carrie*!  to  the  liver  by  the  portal  vein  and  bejjatic  artery,  exeept  perhaps 
that  derived  from  the  ititerlohular  braoches  of  the  hei>ade  artery,  ilirectly  or 
indirectly  finds  its*  way  into  the  interlobular  plexus.  From  this  plexus  the  bh>o(i 
is  carried  into  the  lobule  by  fine  branches  which  pieree  its  wall  and  then  converge 
from  the  eiruumference  to  the  centre  of  the  lobule,  forming  a  number  of  longitu- 
dinsil  ve:?.seb  which  are  connected  by  transverse  or  horizontal  branches  (Fig,  671)* 
In  the  interstices  of  the  network  of  vessels  thus  formed  are  sitnated,  as  before 
said,  the  liver-eells  :  and  liere  it  is  that,  the  blood  being  brought  into  intimate 
connection  with  the  liver-cells,  the  bile  is  secreted-  Arrived  at  the  centre  of  the 
lobule,  all  these  minute  vessehi  empty  themselves  into  one  vein,  of  considerable 
size,  which  runs  down  the  centre  of  the  lobules  from  apex  to  base  and  is  called 
the  intrahdniJar  vein.  At  the  bai?e  of  the  lobule  this  vein  opens  directly  into  the 
subhbular  vein^  with  which   the   lobule  is  connected,  and   which,  as  before  men- 


Fio.  672.— Origin  of  ttio  h*^patic  veins,    (yappey.)    I.  Suldobulnr  vein,    2,  2,  IntralobuUr  veins.    3»  3,  Trib- 
ularies  to  2.    4, 4.  CapiOiiry  nelwcirk  between  portal  and  hepatic  gy&tems. 


tioned,  is  a  radicle  of  the  hepatic  vein  (Fig.  672),     The  sublobular  veins,  uniting 

into  larger  and  larger  trunks,  end  at  last 
in  the  hepatic  veins,  which  do  not  receive 
any  intralobular  veins.  Finally,  the  he- 
patic veins,  as  mentioned  at  page  1057, 
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Tin.  673.— Section  of  liver. 


Fij?.  ti74,— A  tmn^erse  treotion  of  a  small  portal 
eanul  and  It*  veBseb,  (AOer  Kiernanj  L  Portal  vein, 
2.  Inierlubnlar  bmnches.  3.  Vagiti^l  branehes,  4. 
Hepiilk  dnet.    fi.  Oepatle  artery. 


converge  to  form  three  large  trunks  which  open  into  the  inferior  vena  cava,  while 
that  vessel  is  situated  in  the  fissure  appropriated  to  it  at  the  back  of  the  liver. 
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(3)  The  Duets, — Having  sbown  how  the  blood  is  brought  into  intimate  relatton 
with  the  hepatic  cells  in  order  that  the  bile  raay  be  secreted,  it  remains  now  only 
to  consider  the  way  in  which  the  secretion,  hsiving  been  ibniied,  is  carried  away* 
Severiil  views  have  prevail eil  as  to  the  mode  of  origin  of  the  hepatic  ducts  ;  it 
se^ms,  however,  to  be  clear  that  they  commence  by  little  passages  which  are 
formed  between  the  cells,  and  which  have  been  termed  interceUular  biliary  pas- 
sages  or  bile'canahcidi  (Fig,  673),  Thei?e  passages  are  merely  little  channels  or 
interspaces  left  between  the  contiguous  surfaces  of  two  cells  or  in  the  angle  where 
three  or  more  liver-cells  meet,  and  it  seems  doubtful  whether  there  h  any  delicate 
membrane  forming  the  wall  of  the  space.  The  channels  thus  foiined  radiate  to 
the  circuuilerence  of  the  lobule,  and,  piercing  its  wall,  foroi  a  plexus  {iiiterlohular) 
between  the  lobules.  From  this  plexus  ducts  are  derived  which  pass  into  the  por- 
tal canals,  become  enclosed  in  Glisson's  capsule,  and,  accompanying  the  portal 
vein  and  hepatic  artery  (Fig.  674)s  join  with  otiier  ducts  to  form  two  main  trunks* 
which  leave  the  liver  at  the  transverse  fissure,  and  by  their  union  form  tlie  hepatic 
duct. 

Structure  of  the  Ducts. — Those  in  the  interlobular  sjiaces  have  walls  of  con- 
nective tissue  lined  by  columnar  epithelium.     They  probably  contain  muscle-cells 


'm 
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Fio.  67ft —Blind  tubulea  of  the  bil- 
tAry  diicta  of  a  hone.    (Sai>i?ty.) 


Fig.  675,— Liver  tiBHue  over  the  pf*teHor  surfticu  of  the  tcb 
cavil  infeHor,  with  injccttid  vusii  nborrimtiii,    (HenleJ 


arranged  longitudinally  and  circularly.  As  they  lie  in  the  lobule  the  columnar 
epithelium  is  very  short  and  flat  and  the  lumen  very  small.  The  bile'CanalieuH 
open  directly  into  them,  liver-cells  abutting  against  the  epithelium.  The  ducta  in 
the  portal  canals  are  larger,  and  present  numerous  openings  on  the  inner  surface, 
sometimes  arranged  in  two  rows.  Sappey  considers  them  the  orifices  of  mucous 
ghinds  (Fig,  675),  and  compares  their  appearance  to  that  of  the  vegetable  parasites. 
Their  function  is  much  discussed,  and  at  present  they  are  regarded  only  as  tubular 
recesses.  They  occasionally  anastomose,  and  frora  their  sides  saccular  dilatationa 
are  given  off. 

Sometimes  certain  parts  of  the  liver  gradually  atrophy  or  completely  disappear, 
while  the  corresponding  biliary  ducts  remain  and,  on  the  contrary,  become  hyper- 
trophied.  They  are  called  vfOfit  aifernrnfid.  They  are  not  found  in  the  foetus  or 
child,  are  not  rare  in  the  adult,  and  are  most  frequent  in  old  age.  Accompanying 
them  are  all  tlie  other  vessels  which  supplied  the  part,  branches  of  the  portal  vein, 
hepatic  vein,  and  artery.  They  are  situated  at  either  extremity  of  tlie  liver,  most 
oflten  in  the  left  lateral  ligament,  at  the  attachment  of  the  fji  lei  form,  or  in  the  posi- 
tions of  atrophied  ^*  bridges,"  as  over  tJie  left  longitudinal  fissure  or  vena  caira 
(Fig.  676).     They  present  certain  common  characteristics.     All  communicate  with 
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the  biliary  ducts ;  tliey  have  a  yellowish  color,  have  epithelial  lining,  and  fibrous 
coat,  and  in  proportion  as  the  lobe  has  atrophied,  they  have  hypertropbied.  They 
present  the  tubular  recesses^  and  anastomose  with  each  other.  These  vessels  are 
found  in  certain  mammals. 

The  Excretory  Apparatus  of  the  Liver. — This  apparatus  consists  of  the  bUe- 
canalkuU  iind  diwU,  which  we  have  seen  in  and  between  the  lobules ;  of  the  hepatic 
duct  formed  by  the  union  of  those  ;  of  a  diverticulum  or  reservoir  the  qaH-b! adder  ; 
of  the  communicating  tube,  et/stic  duet^  and  of  the  united  cystic  and  hepatic  duct^, 
the  cammon  bile-duct  or  ductus  eholedoehus  (Fig.  677). 
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Fta,  077»— BiUary  vessels  anil  gaU^bladder*  dried  and  IniufElftted.    (TiUaux.) 


The  hepatic  duct  is  formed  by  the  union  of  the  right  and  left  bile-ducts 
descending  from  the  liver.  They  unite  at  an  obtuse  anjile  at  the  rigj^ht  end  of  the 
transverse  fissure.  Their  point  of  uninn  is  usually  near  the  spot  where  they 
emerge  from  the  liver.  Often  this  liappens  lower  down  and  the  liepatic  duct  is 
shortened.  Its  usual  length  is  3—5  cm.  (one  to  two  inches)  and  diameter  4  mm, 
It  joins  with  the  cystic  duct  at  an  acute  angle  to  form  the  common  bile-duct.  It 
descends  in  the  right  margin  of  the  gastro-hepatic  omentum  with  the  vena  cava 
behind  and  the  liepatic  artery  to  the  left.  The  passage  of  bile  into  the  gall-bladder 
only  occurs  when  its  exit  to  the  tluodenum  is  close<h  The  bile  then  from  the 
beginning  of  the  common  duct  has  a  passage  provided  upward  and  backward  to  a 
reservoir  which  is  the  gall-bladder. 
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The  gall-bladder  is  pear-shaped.  It  is  directed,  iinth  its  broader  rounded  end 
dowriwiird  and  forward  and  to  the  right  to  tlie  anterior  margin  of  the  liver,  and  with 
its  sharper  end  Ijackward  and  upward  toward  the  transverse  fissure.  It  is  7  to  8 
era,  long  (three  or  four  indies)  and  near  the  funrlus  2,5-3  cm,  broad  (over  an  inch), 
and  will  contain  30-50  cc.  of  bile  (1-1 J  ounces).  There  are  to  be  distinguished 
&  fundus,  a  twh/,  and  a  riecL  It  is  fastened  to  the  liver  hy  connective  tissue  and 
vessels,  and  lies  in  the  fossa  vesicalis.  The  fundus  extends  beyond  the  anterior 
margin  of  the  liver  in  the  region  of  the  incisura  vesicalis.  But  in  a  normal  posi- 
tion of  the  liver,  the  gall-blathler  may  be  placed  more  or  less  behind  this  edge 
The  position  of  the  fundus  is  usually  at  the  lower  edge  of  the  ninth  costal  earti-iS 
lage  on  the  outer  edge  of  the  right  Rectus  muscle.  II ere  it  rests  directly  on  the 
abdominal  walL  When  it  extends  beyond  the  liver  it  can  be  percussed.  Its 
function  is  more  than  a  storehouse.  It  forms  some  of  the  constituents  of  the  biie- 
Exceptionally  it  lies  more  to  the  right  or  more  to  tlie  left. 

The  fundus  rests  usually  on  the  transverse  colon  and  farther  back  on  the  upper 
end  of  the  descending  duodenum,  or  on  the  pylorns.  This  part  is  usually  stained 
by  biliary  coloring  matter  after  death.  The  neck  of  the  bladder  usually  extends 
in  the  posterior  and  upper  part  of  the  vesical  fossa  close  to  the  transverse  fissure. 
It  is  continued  in  a  spiral  curve  into  the  eijstie  duct.  This  curving  corresponds  of 
the  inner  surface  to  a  constant  more  or  less  well  developed  screw-like  valve  whict 
runs  through  the  whole  c^'stic  duct,   VaJvuh  He/'sten. 

The  upper  surface  is  attached  to  the  liver  by  areolar  tissue  and  vessels.     It 
under  surface  and  fundus  are  covered  by  peritoneum  reflected  from  the  liver  sn 
face.     Sometimes  the  peritoneum  completely  surrounds  the  bladder,  suspending  it^ 
by  a  mesentery  from  the  under  surface  of  the  liver.   The  gall-bladder  is  not  present 
in  all  vertebrates.     It  is  lacking  in  some  mammals  and  birds,  but  is  present  in  all 
reptiles,  and  nearly  all  fishes.     The  ass,  horse,  elephant,  and  rhinoceros  do  not 
have  it. 

Relations  of  the  Gall-bladder. 

Superiorly : 

Liver  (Fossa  vesicalis). 

Anteriorly : 

Abdominal  wall ;  and  ninth  costal  cartilage. 

Inferiorhi : 

Hepatic  flexure  of  colon ; 
Beginning  of  transverse  colon  ; 
Duodenum,  first  and  second  parts; 
Pvloric  end  of  stomach. 


Vessels  and  Ferves. — It  is  supplied  by  the  cystic  artery  from  the  right  branch 
of  the  hepatic.     Two  cystic  veins  usually  empty   into  right  branch  of  the   vennj 
portne.     Twelve  or  fifteen  from  the  fundus  go  directly  into  liver. 

The  tieri'eg  are  from  the  crcliac  pli^xus. 

The  It/mpftiitirs  are  nomerous  and  empty  into  a  gland  on  the  neck  of  the 
bladder. 

The  cystic  duct,  the  smallest  of  the  tbrce,  running  from  the  neck  of  the  gall- 
bladder is  3-7  cm.  long  (one  to  three  inches)  and  2.3  mm.  wide.  Its  course  is 
toward  the  left,  at  first  a  little  curved  and  then  straight.  It  joins  the  hepatic  duct 
at  an  acute  angle  to  form  the  common  duct.  This  is  contained  in  the  edge  of  the 
lesser  omentum. 

The  ductus  choledocbus  (xokij^  bile,  Hoxa^^  which  receives)  is  the  largest  of  the 
three,  and  is  the  common  excretory  duct  of  both  liver  and  gallddadder  and  con- 
veys the  bile  to  the  duodenum.  The  length  is  various  depenilijig  upon  the  point 
of  meeting  of  its  two  tributaries:  7-8  cm.  (Sappev);  2—4,5  (Luschka);  6^7  cm,, 
or  about  three  inches  (Joessel),  and  5.G  mm.  to  7.5  mm.  wide  (one*fourth  inch).     It 


THE   LI  VEIL 


1065 


continues  the  course  of  the  hepatic  duct,  running  downward  and  backward  in  the 

hepiito-duodenal  ligament  in  front  of  the  portal  vein  and  to  the  right  of  the 
hepatic  artery.  It  passes  behind  the  first  portion  of  the  dnodeniim  and  then 
behind  and  to  the  inner  side  of  the  second  portion,  lying  here  in  a  furrow  between 
duodenum  and  bead  of  pancreas ;  or  it  may  be  enclosed  by  the  pauereas  till  it 
meets  the  pancreatic  duct.  For  a  short  space  it  is  in  contact  with  the  right  side 
of  this  duct»  The  two  perforate  the  duodenal  wall  and  rnn  obliquely  for  three- 
fourths  of  an  inch  between  the  coats.  They  finally  open  into  a  little  }>oueh  and 
that  upon  a  papilla  of  the  mucous  membrane  by  a  common  orifice,  situated  near! 
the  jnnction  of  miihlle  and  lower  third  of  the  duodenum  on  its  posterior  internal] 
wall.     This  is  three  or  four  inches  beyond  the  pylorus.     (See  Pancreas.) 

When  the.  ^all-bhidder  is  ^lixtendtHl  with  bile  or  raleiili.  the  fiuiclim  may  l;>e  felt  through  the 
alxlomiiial  parietes,  espemlly  in  an  emiM-iatetJ  snlm^'t :  the  rt'latioiiH  nf  this  sac  will  idsij  swerve  to 
explain  the  occasional  oceurretR-e  of  idwloiiiiHid  li]]iar>'  fistulfc.  thrrm^dj  whiih  biliary  ealtriib  may 
paas  out,  mid  of  the  passage  of  ealeuli  frum  the  gidi4>Iadder  ititu  the  stomach,  duiMleiMini,  nr 
coloa,  wliieh  (xx!asionally  happene*- 

Structure.— The  gall-bladder  consists  of  three  coats — serous,  fibrous  and  mus- 
cular, and  mucous. 

The  cjternid  or  Herons  ct^ttf  is  deriveil  from  the  peritoneum  ;  it  completely 
invests  the  fundus,  but  covers  the  Ixniy  and  neek  only  on  their  under  surface. 

The  Jihrti-mui*i*uhir  eoal  is  a  thin  but  strong  layer  which  forms  the  framework 
of  the  sac,  consisting  of  dense  fibrous  tissue  which  interlaces  in  all  directions  and 
is  mixed  with  plain  muscular  fibres  which  are  disposed  chiefly  in  a  longitudinal 
direction,  a  few  running  transversely. 

The  internal  or  muconH  eoat  is  loosely  connected  with  the  fibrous  layer.  It  is 
generally  tinged  with  a  yellowish-brown  color,  and  is  everywhere  elevated  into 
minute  rugse,  hy  the  union  of  which  nttnierous  meshes  are  formed, 
the  depressed  intervening  spaces  having  a  polygonal  outline.  The 
meshes  are  smaller  at  the  fundus  and  neck,  being  most  developed 
about  the  centre  of  the  sac. 

The  mucous  membrane  is  covered  with  columnar  epithelium 
and  secretes  an  abundance  of  thick  viscid  mucus  ;  it  is  continuous 
through  the  hepatic  chict  with  the  mucous  membrane  lining  the 
ducts  of  the  liver,  and  through  the  ductus  communis  choleilochus 
with   the  mucous  membrane  of  the  alimentary  canal. 

In  the  ei^Htle  ditM  the  mticous  membrane  is  raised  into  ob- 
li*{ue  crescentic  folds  much  as  in  the  neck  of  the  bladder.  It 
presents  the  appearance  of  a  continuous  spiral  valve  of  which 
we  have  seen  indications  iti  the  small  intestine  and  rectum  (Fig. 
678).  This  is  the  valve  of  Heister  (1758).  The  outer  surface  ihronKh  thtT  ry«ti«sl 
of  the  duct  presents  indentations  at  the  attachment  of  these  folds,  lIindd^eMG^n^^^ 
giving  it  a  sacculated  or  twisted  appearance  (Fig.  1177). 

The  coats  of  the  hirijer  duefsn  are  an  external  or  fibrous  and  f*n  internal  or 
mucous.  The  fibrous  coat  is  composed  of  string  fi bro-nreolar  tissue,  with  a  cer- 
tain atnount  of  muscular  tissue  arranged  for  the  most  part  in  a  circular  manner 
around  the  duct.  The  mucous  coat  is  continuous  with  the  lining  membrane  of 
the  hepatic  duct  and  gall-bladder,  and  also  with  that  of  the  duodenum,  and,  like 
the  mucous  membrane  of  these  structures,  its  epithclitim  is  of  the  eolnmnar 
variety.  It  is  yu-ovided  with  ntimerous  tubules,  which  are  lobulated  and  open  hy 
minute  orifices  scattered  irregularly  (Fig.  675), 

Surfece  Form.— ^The  liver  is  situatdl  in  the  rijLdit  hyp*M*liondriac  and  the  epi^'astrie  regions^ 
and  id  nirntMed  to  tlie  arch  (tf  the  Diaphmtrm.  In  the  ^^reater  part  nf  its  extent  it  lies  uihUt 
cover  id"  the  luwer  rii^n  iind  their  eartilaires,  but  in  th**  ein,L%i,sirit*  rt^gioii  it  i-omes  in  Limtart  with 
the  abdominal  wall  in  the  subwustal  aa.Ldc,  The  ufqitr  fimit  of  the  right  folfe  of  thf;  Hvrr  may  he 
defined  by  a  hue  drawn  frum  the  art ii illation  of  the  fifth  riidit  rostal  cartilape  to  the  st*  rmim 
horiKonlally  outwanl  to  a  little  below  the  iiipple*  und  then  inflined  downward  tu  reaeh  the 
seventh  rib  at  the  side  of  the  chest.  The  irppa*  h'uttf  of  the  kfi  iolM^  may  be  lielined  by  eoatinu- 
mg  this  line  to  the  leil,  with  an  inclination  downwanl  as  it  croB&es  the  gladiolus,  to  a  fwint  about 
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two  incbes  to  the  left  of  the  sternum  on  a  level  with  the  sixth  left  eost^l  eartila^.  The  loicrr 
Umit  of  fhr  /ifvr  may  be  imiieated  by  a  bne  drawn  half  an  inch  below  the  lower  oorder  of  the 
thorax  un  iha  ripht  .sule  as  tkr  m^  the  ninth  riebt  rostal  i-artilage.  and  thenoe  oblif|uely  upward 
acrosii  the  subcostal  ande  to  the.  eiirhlh  left  C(Lst:il  t'anihi^a\  A  shglit  curved  line  with  its  con- 
vexity to  the  left  fnmi  this  point— A  r,  tlieeiy;hth  left  costal  eartilage — to  the  tennrnation  of  the 
line  indicatin.u:  the  upper  hniit  svill  deiKfte  the  left  inur^rin  ol'  the  liver.  The  fundus  of  the  gall- 
bladder approaches  the  surface  kdiind  the  anterior  extremity  of  the  ninth  eostal  cartilage,  cluee 
to  the  outer  tiiari,un  of  the  Ritdit  rertus  musi'le. 

It  must  Ih»  rcniemhercd  that  the  liver  is  subject  to  eousidcmble  akerations  in  position,  and 
the  Btudent  siiould  make  hiniself  ac(jiminted  with  the  different  eirenmstances  under  wliieh  this 
oocun*,  lus  they  are  of  imiwrtance  iii  determining  the  existenw  of  erdargement  or  oeher  diseases 
of  the  or^im. 

Its  position  varies  nwordinp  to  the  po^sturc  of  the  IhhIv,  In  the  erect  position  iii  the  adult 
male  the  edp;e  of  the  liver  jirojeets  about  half  an  inc!i  below  the  lower  ed^'e  of  the  ripht  costal 
cartilages,  and  il«  anterior  iMirder  can  l»e  often  felt  in  this  situation  if  the  abdominal  wall  is  thin* 
In  the  supine  [xisition  the  livrr  iiravitsites  backwanl  and  recedes  alwive  the  Inwer  margin  of  the 
ribs,  and  cannot  then  be  detected  by  the  Gni.a'r,  In  the  prone  posititm  it  lalls  forward,  and  ean 
then  trencrally  Ik*  felt  in  a  patient  with  loc>sc  nod  lax  abdoniinai  walls.  Its  position  varies  abo 
with  the  ascent  or  descent  of  the  r>ia|_^hra^'nL  In  a  deep  irjspinition  the  liver  dcstM?udd  below 
the  ribs:  in  expiration  it  h  niised  Kdinid  them.  Atrain,  in  enj]diysema,  where  the  lungs  arc 
distendt^l  ami  the  I)iaplim<:m  descends  very  low,  the  liver  is  pushed  down;  in  some  other 
diseases,  as  phthisis,  where  the  Diaphra.crni  is  much  an-hed,  the  liver  rises  ver>'  high  up.  Pres* 
sure  from  without,  as  in  tight'laetne.  by  compressing  the  lower  nart  of  tlic  cliest,  displac^^  the 
liver  considerably,  its  anterior  edge  often  extending  as  li>vv  as  tne  crest  of  the  ileum  ;  and  its 
convex  surface  ts  oiWn  at  the  same  time  deeply  indented  from  the  pressure  of  the  ribs.  A^^iQ, 
it^  position  varies  creatly  according  totheirreatcr  or  less  distension  of  the  stomach  and  intestines- 
When  the  intestines  are  empty  the  liver  descends  hi  llie  abdumen,  but  when  they  are  distended 
it  is  i>ashed  upward.  Its  relations  t4>  surnHinding  or^'ans  u uiy  also  be  changed  by  the  growth  of 
tumors  or  by  crtlleetions  of  fluid  in  the  llioracic  of  aljHlomlnal  cavities. 

Surgical  Anatomy; — On  account  <d'  its  birj;^e  size,  its  tixed  itosition,  and  its  friability*  the 
liver  is  more  fTcquently  ruptured  than  any  of  the  ah<iominaS  viscenL  The  rupture  may  xwry 
considerably  in  extent,  from  a  slight  scratch  I o  an  extensive  kcemtion  com plelely  through  tu 
substance,  dividing  it  into  two  parts.  Sometimes  an  internal  rupture  without  laceration  of  the 
iwritoneal  covering  takes  place,  and  such  injuries  are  most  susceptible  of  repair;  but  small  tears 
of  the  surface  may  also  heal ;  when,  however,  the  laceration  is  extensive,  death  usually  takes 
place  from  bienioiTbage,  on  account  of  the  fact  that  the  hepatic  veitis  are  cniuaiued  in  ri^id 
canals  in  the  liver-substanee  and  ai*e  unable  to  contract,  atid  are  moreover  unj^wyided  with 
valves.  The  liver  may  also  be  torn  by  the  end  td' a  broken/ib  perforating^  the  Diaphrai^* 
The  liver  may  be  injured  by  stabs  or  other  pujictureti  wounds,  and  when  these  are  inflicled  ] 
throu«?h  the  ehcst-wall  both  pk*und  and  neritoneal  cavities  may  Ijc  opened  up  and  both  lung  and 
liver  be  wounded.  In  eases  of  wound  of  the  liver  from  tlic  tTt>nt»  hernia  of  a  part  of  this  viscus 
may  take  plact*,  but  can  generally  easily  be  rei>]aced.  AKscess  of  the  liver  is  of  not  unfrequent 
occunvtice,  and  may  open  in  matiy  different  ways  on  account  of  the  relations  of  this  viscus  to 
other  oreans.  Thus,  it  has  been  known  to  burst  into  the  lungSi  and  the  pus  been  coughed  up, 
or  into  the  stomach  and  the  pus  vomited;  it  may  biu*st  into  the  colon  or  into  the  duodeimm; 
or,  by  ^lerforating  the  Diaphragui,  it  may  empty  itself  into  the  pleural  cavity,  Fre«piently  it 
makes  its  way  forward  and  points  on  the  anlerii»r  al>dominal  wall,  and  finally  it  may  biirst  into 
the  peritotiea!  or  perieartiiac  cavities.  Abscesses  r>f  the  liver  frequently  require  opening,  and  ' 
this  should  be  done  preferably  by  an  incision  in  the  right  semilunar  line,  in  two  stages:  the 
peritoneal  cavity  beiuiLr  opened  and  the  liver  over  the  summit  of  the  a bst^ess  being  stitched  to  the 
parietal  peritoneum  on  the  first  occasion^  and  three  or  funr  days  subset|uently  the  aWess  being 
evacuated-  Hydatid  cysts  are  more  often  found  in  the  liver  than  in  any  other  of  the  viscera* 
The  reason  of  this  is  not  far  to  seek.  The  embryo  of  the  egg  of  the  taenia  echinococeus,  being 
liberated  in  the  stomach  br  the  disintegration  of  its  shell,  bores  its  way  through  the  gastric^ 
walls,  and  usually  enters  a  blood-vessel  and  is  carried  by  the  bloiKbstream  to  the  hepatic  cai>il- 
luries,  where  its  onward  course  is  arrested,  and  where  it  undergoes  development  into  the  fully- 
formed  hydatid. 

When  tlie  ffnU-hhidder  is  ruptured^  or  one  of  its  main  dticts,  which  inny  occur  indepen- 
dently of  laceration  of"  the  liver,  the  injury  is  necessarily  fatal  from  peritonitis  caused  by  the 
extmvasatiim  nY  bile  into  the  peritoneal  cavity. 

The  gall-bladder  may  l>eeome  distended  with  bile  in  caBes  of  obstruction  of  its  duct  or  the 
common  bile-duet,  or  from  a  collectiun  of  gall-stones  within  ita  interior,  thus  forming  a  larige 
tumor.  The  swelling  is  pear-shaped,  and  i>rojects  downward  and  forwarti  to  the  umbilicus.  It 
moves  witli  respiration*  since  it  is  attached  to  the  liver.  To  relieve  this  ctmdition  the  pdl-blad* 
der  must  be  opened  and  the  gall-stones  removed.  The  operation  is  peribrmed  by  an  incision  J 
two  or  three  inches  long  in  the  riglit  semilunar  line^  conimencmg  an  inch  below  the  eostal  niar^f 
gtn.  The  peritoneal  cavity  is  opened,  and,  the  tumor  having  been  found,  sponges  are  pftcke 
rotmd  it  to  protect  the  peritoneal  cavity^  and  it  is  aspirated.  When  the  C4intaine<:l  fluid  has  beett^ 
evacuated  the  flaccid  bladder  is  drawn  out  id'  the  abdominal  wound  and  its  wall  incised  to  the] 
extent  of  an  inch ;  any  gall-stones  in  the  bhidder  are  now  removed  and  the  interior  of  the 
s(K>nged  dry.     If  the  case  is  one  of  obstruction  of  the  duct,  an  attempt  must  be  made  to  C  " 
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the  stone  by  manipulation  thriitigh  the  wall  of  the  <luct,  or  it  must  bo  enished  from  without  by 
ctirefullv  padded  fiireeps.  After  »]l  obstruction  hns  been  removed  si  drairj age- tube  is  \o  be 
inserted  and  the  external  wound  closed  ac^oind  it,  the  stitches  Winiir  passed  throuijb  the  parietal 
I>entoneunj  and  also  through  the  periloneum  covering  the  urall-bladder  around  the  incision,  so  as 
to  bnn.L'  the^e  two  surfaces  into  appo.^ition*  TJic  fistulous  opening  generally  closes  in  the  course 
of  a  few  weeks 

THE  PANCREAS . 

Bissectioil, — ^^The  pancreas  maybe  exposed  r*»r  dissection  in  three  different  ways :  1.  By 
TOisnig  the  liver,  drawiriLvd^wn  the  stomach,  j*nd  tearing  through  the  ga^tro-heimnc  omentum 
and  the  ascen<ling  layer  of  the  transverse  meso-colon,  *Z,  By  raising  the  stomaen,  the  arch  of 
the  colon,  and  great  omen  turn,  and  then  dividiny:  the  inferior  layer  of  the  tnuis  verse  mcso-culon 
and  raising  the  ascending  layer  of  the  transverse  meso-colon,  3.  By  dividing  the  two  layers  of 
peritoneum  wbieh  de^seend  from  the  great  curvature  of  the  stomach  to  form  the  great  omentum, 
turning  the  stomach  upward,  and  then  cutting  through  the  ascending  layer  of  the  transverse 
meso-colon  (see  Figa.  fit)6  and  GUV), 

The  pancreas  {Ktlu-xoia:^,  all  flesh)  or  the  abdominal  salivary  gland,  is  a  com- 
pound  racemose  glands  similar  in  structure  to  the  salivary  glands,  though  softer 
and  less  compact.  It  is  long  and  lies  transversely  across  the  posterior  wall  of  the 
abdomen  and  when  hardened  in  »ku  is  prismatic,  with  three  surfaces.  But 
usually,  when  removed  from  the  body,  it  appears  flattened,  with  only  two  surfaces 
and  two  borders.  It  lies  deep  in  the  epigastrium  at  the  level  of  the  second  lumbar 
vertebra  ;  behind  the  stomach  ;  between  the  duodenum  on  the  right  and  the  spleen 
on  the  left,  f*o  that  for  clinical  and  surgical  purposes  it  is  scarcely  approacbahle. 
In  shape,  Jleekel  compared  it  to  a  sort  of  hammer;  VerneuiL  to  a  cross  pbiccd 
on  its  side,  the  short  vertical  arm  representtng  the  head.  Winslow  compared  it 
to  a  dog's  tongue*  Its  right  extremity  being  broad  is  terme^i  the  head  ;  then  fol- 
lows a  constriction  made  by  the  two  terminal  parts  of  tlie  duodenal  loo|i  called 
the  ncek^  which  connects  head  and  body.  The  body  is  the  free  portion  ] massing  to 
the  left,  and  finally  it  abuts  against  the  spleen  as  the  tail  (Figs.  t»34  and  079). 
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Flo.  6m— Pancreas  nnd  adjoining  viscera  from  l>efore.    His*  model.    (F,  E,) 

In  color  the  pancreas  is  grayish-white  in  the  intervals  of  digestion,  turning  to 
a  rosy  hue  Jurinoj  secretion* 

Its  volume  presents  many  variations.*  In  general  it  is  bigger  in  man  than  in 
woman.  It  is  usnally  15-16  cm.  long  (six  inches);  its  width  is  not  one4ourth  or 
one-fifth  of  its  length  ;  its  thickness  is  15-18  mm.  (one-half  to  one  inch).  Length, 
23  cm. ;  width,  4.5  cm. ;  thickness,  2.8  cm.  (Luschka),  Its  volume  is  64-90  c.c. 
Its  weight  is  nbout  70  gm.  in  the  male  and  fJO  in  the  female,  two  and  one-fourth  to 
three  and  a  half  ounces.     A  maximum  weight  is  105  gm. 

The  h(*ftti  of  the  pancreas  is  called  disc-shaped,  or,  since  it  is  elongated  both 
above  and  below,  hammer-shape<l.  It  is  flattened  from  before  backward,  ami  con- 
forms to  the  whole  concavity  of  the  duodenum  made  up  of  its  four  parts,  and  not  vice 


Fig.  6S1.— Bame  as  previoii?  fi^nr^,  hiii  \vith  ri|?hi  ktdntvy  and  spk-eu  remnvctl.     (Drawn  from  Hl»'  mod^L) 

groove  on  the  posterior  nurfjice  of  the  head,  and  near  the  descending  duodenum 
in  a  groove  or  canal  is  the  common  hile-dnct.  A  purt  of  the  pancreatic  tissue  is 
bent  around  behind  the  vessels,  which  is  culled  the  leaser  hetnL     The  posterior 
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eurface  of  the  head  is  bound  by  laose  tissue  to  and  rests  upon  the  inferior  vena 
cava  anVi  right  cms  of  diaphrjii^rn,  ereliac  plexus,  left  reiiul  vein,  and  right  renal 
vessels;  the  descending  diiodeiiura  intervenes  betweeii  it  and  the  right  kidney* 
Near  its  lower  end  it  is  erosse<l  in  front  by  the  transverse  colon  and  transverse 
niesoeolon.  The  superior  and  inferior  |>anereatieo-duodenal  vessels  are  in  fi^ont 
of  the  head. 

The  neck  is  about  one  inch  long,  passing  upward  and  forward  to  the  left:  it 
is  bounded  above  by  the  first  part  of  the  duodenum  and  bekiw  by  the  cuil  of  the 
ascending  portion.  The  stoniacli,  if  distended,  toucbes  this  portion  hy  the  poste- 
rior surface  of  the  pylorus.  Behind  it  is  the  junction  of  the  superior  mesenteric 
vein  with  the  vena  portjc  (Fig.  681).  To  the  right  it  is  grooved  by  the  gastro- 
duodenal  and  superior  pancreatico-duodenal  arteries. 

The  bodt^  and  tall  constitute  the  prismatic  portion  presenting  three  surfaces 
and  three  borders  :  anterior^  posterior^  and  inferior  ^itrfare^  :  superior  and  two 
in/vriur  borders.  80 me  regard  the  surfaces  as  posterior,  antero-superior,  and 
antero*inferior,  making  an  anterior  border  more  distinct.  This  part  of  the  pan- 
creas passes  from  the  inght  to  the  left  and  is  moulded  to  different  structures, 
following  the  example  of  the  liver.  Its  anterior  surface  is  fitted  to  the  convexity 
of  the  filled  stomach  ;  its  pnsterior  surface  is  more  flat  except  where  it  covers  the 
left  kidney;  the  tail  passes  upward  and  backward  to  the  spleen.  The  anterii^r 
mrface  is  concave,  looks  upward  and  forward  ;  the  fiosterior  surface  of  the  stomach 
lies  upon  it,  separated  by  the  bursa  omentalis,  or  two  layers  of  the  lesser  saf). 
Perforating  ulcers  of  the  stomach  can  reach  the  pancreas  and  result  in  fiision  of 
these  two  organs,  or  in  hemorrhage  from  the  splenic  vessels. 

The  posteri'ir  surface  (Figs,  680  and  081)  corres|>onds  internally  to  the  aorta 
and  left  crus  of  the  diaphragm  and  tbe  origin  of  the  superior  mesenteric  artery. 
It  crosses  the  second  or  third  luuihar  vertebra.  Near  the  upper  edge  are  two  fur- 
rows— one  for  the  somewhat  tortuous  splenic  artery  and  a  straight  one  for  the 
splenic  vein.  The  surface  shows  a  shallow  furrow  for  the  splenic  vein,  which 
ascends  from  the  middle  of  the  lower  edge  toward  the  left  to  tbe  upper  edge. 
This  edge  carries  a  furrow  from  the  middle  along  the  left  lialf,  in  which  the 
splenic  artery  takes  part  of  its  course.  The  splenic  vein  in  its  outer  half  runs 
above  the  edge  to  reach  the  liilus  of  the  spleen.  To  the  left  is  the  left  kidney 
and  its  vessels,  and  sometimes  the  left  suprarenal  capsule.  The  relations  to  tbe 
left  kidney  show  two  types:  one  ia  seen  in  the  His  models  and  Fig.  030,  where] 
the  pancreas  runs  directly  over  the  hilus  and  centre  of  the  kidney,  exposing  the 
suprarenal  cajjsule,  and  a  considerable  part  of  the  anterior  kidney  surface  above, 
the  tail  touching  the  lower  part  of  tbo  spleen. 

The  other  ty[ie  is  seen  in  Fig.  084.  Here  the  pancreas  is  higher,  and  crosses 
tbe  upper  part  of  the  kidney,  leaving  exposed  above  its  edge  the  whole  or  only  a 
part  of  the  left  suprarenal  capsule.  The  tail  touches  the  same  part  of  the  spleen 
in  each  case,  showing  it  is  also  elevated  with  the  pancreas*  (Compare  Figs. 
084  and  679.) 

The  inferior  ttitrfaee  is  narrow,  only  1  to  2  cm.  broad,  and  shows,  in  the  organ 
hardeneil  in  fnitu.,  internally  a  cavity  and  laterally  a.  convexity,  each  directed 
downward.  It  rests  hy  the  concavity  on  the  dundeno-jtjunal  flexure,  and  often 
on  some  coils  of  the  jejunum,  and  to  tbe  left  on  the  transverse  colon. 

The  superior  hurder  of  the  body  on  the  right  is  prominent,  blunt,  and  flat; 
laterally,  near  the  tail,  it  is  narrower  and  sharper.  The  inner  blunt  elevation  is 
covered  by  the  lesser  omentum,  and  fits  into  autl  behind  the  lesser  curvature  of 
the  stomach  ;  it  is  the  (uher  oint^ntale  of  the  pjinereas.  Between  it  and  the  tuber 
omentale  of  tbe  liver  is  the  lesser  sac.  Tliis  border  is  related  above  to  tbe  eoeliac 
axis  and  solar  plexus,  and  to  two  of  the  branches  of  the  former,  the  hepatic 
artery  passing  to  the  right,  the  splenic  to  tbe  left. 

The  inferior  or  anterior  border  is  the  dividing  line  for  the  two  layers  of  the 
transverse  mesocolon.  The  upper  layer  |>asses  up  over  tbe  anterior  surface  and 
here  constitutes  the  posterior  wall  of  the  lesser  sac.    Tbe  lower  layer  pasBes  down 
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over  the  narrow  inferior  surface  (Fig,  670),  Thus  the  posterior  surface  is  devoid 
of  peritoneum. 

The  tail  of  the  pancreas  rests  uj>ou  tlie  h>wer  part  of  the  inner  surface  of  the 
spleen,  or  is  hound  to  it  by  a  fold  of  puritoncuiu,  the  Utj,  pancreaiico-Uenah,  It 
crosses  over  the  middle  of  the  left  kidney,  or  kidney  and  capgiule,  or  cap&ule 
i^alone.     In  front  of  this  portion  is  the  left  gastro-epiploie  artery. 

The  i'Tcretonf  duct  of  the  gland,  duvtu^  panrreatieuit  or  canal  of  Wirstimj  run* 
(164*i)  from  left  to  right  in  the  long  axis  of  the  gland,  sometimes  approaching 
the  anterior  surface,  but  more  often  the  ptislerior  surfaee.  It  begins  with  a  very 
small  ealihre,  formed  by  union  of  small  dticts  from  the  lobules,  in  the  tail  part, 
and  gradually  increswes  in  siite  on  the  receipt  of  tributaries  from  every  side ;  so 
that  near  its  uu3Uth  it  attains  the  si/.e  of  the  classical  quiib  about  one-ninth  of  an 
inch  in  diameter.  It  can  he  found  by  its  white  color  and  close  relation  to  the 
large  pancrejitic  artery.  After  reaching  the  neck  it  turns  downward,  backward, 
^  ana  to  the  right  in  the  head,  and  reaches  the  left  side  of  the  common  bile-duct, 
and  both  go  to  the  descending  iluodenum. 

It  receives  numerous  branches  in  the  head  of  tiie  gland,  a  large  one  frora 
[telow,  and  the  durtun  pancreaticus  acce%9oriu%  or  duvtu^  ^Santorini  from  above 
(1775)  (Fig,  682), 

This  latter  duct  opens  into  the  duodenum  independently  on  a  papilla  about 
one  inch  above  the  orifice  of  the  others.'     The  usuiil  course  of  its  contents,  how* 


SafUormi , 
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IhtHof 
Wirmng 
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Fig.  682.— P»ncrc««  and  duodenum  from  I»chliid.  The  imn- 
CTvatio  duet  1b  dtaaected  IVee  and  the  posterloir  waU  of  \hv  du- 
odenum rvmovod.    (Henle.) 
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Fig.  683.— option  of  duodeiml  wall 
thmtifrli  Ihe  iMipUla  on  which  the  bUe 
ftn  d  iia  n  ert-alic  fluctn  open.    { Hen  1  e, ) 


ever,  is  below  into  the  pancreatic  duct.  Should  this  beeome  occluded  near  it» 
orifice  then  n  reverse  flow  might  occur  in  the  dnet  of  Santorini. 

The  bile  and  pancreatic  ducts  do  not  unite  outj^ide  the  duodenal  wall.  They 
enter  it  ohli«juely  and  run  obIii|uely  a  short  distance  between  its  coats  and  then 
unite  at  an  acute  angle  and  empty  into  a  common  receptacle  just  under  the 
mucous  membrane  (Fig,  il88).  This  little  bladder-like  pouch  is  called  the  dwer- 
ti(*uhim  Vat  en  (172<>),  It  throws  up  a  papilla  of  mucous  membrane  sittiated  on 
the  free  edge  of  one  of  the  valvuke  conniventes.  This  is  the  papiUa  of  fW^T. 
It  has  a  single  opening,  which  can  be  best  found  by  the  presence  of  a  drop 
of  fluid  intruded  by  |»ressure  on  the  gall-bladder  or  pancreas.  The  papilla 
is  still  farther  eoticealed  hv  a  mucous  fold,  which  covers  it  from  above 
(Fig,  688), 

Abnormal  forms  occur ;  the  descending  duodenum  may  be  s^^urrounded  by  a 
ring  of  pancreatic  tissue;  the  tail  may  be  bifid;  a  part  of  ihe  head  curving 
around  behind  the  mesenteric  vessels  may  form  the  /c*t*fr  pattrreas,  Accessorv 
glands  (pancreas  accessorium)  are  found  most  often  in  the  walls  of  the  jejuQum 
and  in  those  of  the  stomach, 

*  This  18  of  interest,  as  ibe  pnncrcaB  oriirmnlly  budded  fmm  the  duodenum  bm  two  outgrowtha. 
At  about  the  aixth  week  the  processes  and  their  dutis  jt>in,  ns  here  seen. 


k 


AhdoMtnal  Aarin. 

Fin,  a^.— Transvcrae  BiM^Clon  through  the  middle  of  the  Arst  lumhar  vertebra,  ihowlng  the  rttUtioDi  ol  Ihd 
pttncrcaa.    (firaune.) 


Sufenarly  : 

First  part  of  diUHloiimii ; 
C^frliac  axis,  sohir  jiloxus ; 
Splenic  and  be[»atie  arteries; 
Tuber  omental e  of  liver. 

A}iteriorh/  : 

Bnrsa  omenta]  is  (lesser  sac) ; 
l*o»terior  surface  of  etomjich  ; 
Gastro-duodenal  artery ; 
Pancreati co-duodenal  arteries ; 
Upper  layer  of  transverse  ines?oco!on ; 
Transverse  colon. 


To  rigU  : 

Concavity  of  duodennra. 

Pouter  10  rb/  : 

Second  (third  or  first)  lumbar  vertebra ; 

*  Pancreatic  and  common  bile-ducts; 
'Vena  cava  inferior; 

^  Origin  of  thoracic  duct ; 

Crura  of  diaphragm; 
'  Celiac  plexus : 

Aorta ; 

i^u\).  mesenteric  artery  ; 

•  Splenic,  sup.  and  inf  mesenteric  veins; 
Vena  porto? : 

Right  and  left  renal  vessels; 

Left  kidney  (or  kidney  and  capsule  or  capsule  alone)- 


To  left: 

Lower  part  of  inner  surface  of  spleen. 
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hiferiorly : 

Duodeno-jejuuai  flexure: 

Third  and  tburth  purts  of  duodenum; 

Jeiunum  ; 

Transverse  colon  ; 

Lower  layer  of  transverse  tuesocoion  ; 

8u])erior  meiienteric  vessels; 

Inferior  mesenteric  vein; 

Mesentery. 

Vcsseh  and  iVvriv*. — The  jmncreas  ii  the  only  abdominal  organ  which  does  not 
have  a  special  artertj  from  the  aortji.  Its  supply  comes  from  the  cieliac  axis  and 
superior  mesenteric.  Tbe  splenic  artery  gives  the  patureaticie  panxe  and  pun* 
creatica  magna ^  whicli  siijjply  the  tail  and  body,  Tbe  panervatieo-diiotienali^ 
superior  comes  from  the  ga.stro-duodenalis  of  rbe  hepatic.  These  all  come  from 
the  cojiiac  axis*  The  superior  mesenteric  ^ives  ofl*  the  pmicreatieo-duodenali^ 
irtferior,  which,  with  the  superior^  supplies  the  head. 

The  vehiH  are  of  the  same  names,  and  empty  into  the  splenic  and  superior 
mesenteric  veins,  all  belonging  to  the  portal  system. 

The  li/mphatit:'  vessels  are  numerous,  divided,  according  to  their  course*  in 
upper,  hfver,  ritjht,  and  left  sets  (Sap|iey), 

The  upper  open  into  a  row  of  lymph -glands  along  the  splenic  artery  ;  the 
lower  open  into  ghuuls  on  the  posterior  surface  around  the  superior  mesenteric 
vessels;  the  right  open  into  three  or  four  glands  found  between  the  head  of  the 
pancreas  and  descending  duodenum ;  the  left*  into  a  group  of  glands  situated 
between  the  tail  of  the  pancreas  and  spleen  in  the  pancreatico-lienal  ligament. 

The  nerves  rise  from  the  cfjcliac  plexus,  and  probably  have  some  elements  of 
the  right  vagus,  and  accompany  the  ves.sels  which  .-supply  the  pancreas  ;  the  most 
of  them  go  with  the  splenic  artery.  They  are  non-medulla  ted  and  gangliated. 
In  the  gland  they  run  independently  of  the  vessels. 

In  structure  the  pancreas  closely  resembles  the  parotid  gland.      It  differs  in  j 
certain  particulars,  and  is  looser  and  softer  in  its  texture.     It  is  not  enclosed  in 


Largn  du> 


ce(t 


W    ',-*^SL-^ Inner  zone  of  aheolar 


FlQ.  685.— Section  of  alveoli  and  dueL    Human  pauercas,    ^Bolim  and  Diiyicloff-) 


distinct  capsule,  bnt  is  surrounded  by  areolar  tissue  which  dips  down  into  its 
interstices  and  divides  the  gland  tissue  into  lobes,  and  these  are  subdivi<led  bv 
septa  into  lobulea  which  in  turn  are  composed  of  groups  of  alveoli,  connected 


with  one  of  the  ramifications  of  the  main  du€t  (Fig.  685).  This  interalveolar 
connective  ti?i?'ue  supports  the  blood-vossels,  and  in  certain  parts  of  it  are  seen 
collections  of  cells,  interaiveolar  ceU-ish'tH,  They  arc  permeated  by  a  network  of 
capillaries,  and  are  very  characteristic  of  the  pancreas*  Their  function  is  un- 
known. The  minute  ducts  arc  lined  by  short  columnar  epithelium,  shorter  than 
that  found  in  the  salivary  ducts,  and  with  no  striation.  The  alveoli  arc  tubular, 
wavy,  and  convoluted,  lined  by  columnar  eellst  which  presents  two  zones:  an 
outer  one  presenting  the  nucleus,  clear  and  faintly  striated;  and  an  inner  granu- 
lar one,  next  the  lumen.  These  are  the  secreting  ceils  ;  after  their  activity  the 
granular  Kone  occupies  most  of  the  cell,  whereas,  in  the  earliest  stage  of  digestion, 
the  clear  zone  did  this»  The  lumen  of  the  alveolus  is  hardly  visible,  being  tilled 
by  spindle-shaped  cells,  the  eentro-aeiitar  cells  of  Langerhaus.  Piersol  considers 
these  as  imperfectly  developed  acini,  and  calls  them  bodies  of  Langerham^, 

The  pancreatic  duet  presents  two  coats,  fibro-elastic  and  mucous.  There  is  no 
sign  of  muscular  tissue.  Fine  intercellular  canalieuli  have  been  seen,  compar- 
able to  those  of  the  liver,  passing  from  between  the  cells  to  the  lumen  of  an 
alveolus. 

Surface  Form. — Tlie  pancreas  lies  in  front  ni'  the  second  lumliar  vertebra,  and  can  some- 
timea  be  lelt,  m  emaciated  Hubjeets,  wlu'ii  the  sli>nLii.*h  and  colon  are  einptyT  by  making  deep 
pressure  in  the  middle  line  aboat  ibree  inches  above  tlie  umbilifus. 

Surgical  Anatomy; — T\m  pancTtas  presents  but  little  t»f  surgieal  iniportafa»e.  It  is  occa- 
siunally  tlie  seat  of  eancor.  wliieli  usually  affects  the  head  or  duodenal  end,  and  thercdbre  otlen 
speedily  invulves  the  eommon  bile-duct,  leading  Uj  pei'sistent  jaundice.  Cvstsare  also  oecasion- 
aliy  found  in  it,  which  may  present  in  tlie  epigai^tric  re|ri(in,  above  and  to  the  ri>,dit  of  the  nmbib 
icus,  and  may  re([aire  openmg  and  *lniinage.  Tlie  final  In  them  contains  some  of  the  elements 
of  the  pancreatic  secretum  and  is  very  irritating,  st>  that,  if  allowed  to  eoijie  in  contact  witli  the 
fiikin  of  the  abdominal  wrdl,  it  is  likely  to  produce  intrdctable  eczema.  It  has  been  said  that  the 
pancreas  is  the  only  alxlominal  viseus  which  has  never  been  found  in  a  hernia]  pn>!rnsion ;  but 
even  this  organ  lisis  been  ibund,  in  company  with  other  viiJcera,  in  rare  cases  ot"  diapliragniatic 
hernia.  The  pancreas  has  been  known  to  become  invadnated  into  the  intesitine,  and  p(*rtions 
of  the  organ  have  sloughed  off.  In  eases  of  excision  of  the  pyloras  great  care  mui^t  be  exer- 
cised to  avoid  wounding  the  pancreas,  as  the  escape  of  the  pancreatic  fluid  may  l>c  attended 
with  serious  results.  Ad^ording  to  Billmth,  it  is  Ukely,  in  consequence  of  its  peptonizing  quali- 
ties, to  dissolve  the  cicatrix  of  the  stomach. 

THE  SFL££N. 

The  spleen  is  the  largest  and  most  important  ductless  gland.  It  is  probably 
related  to  the  vascular  system,  yet  its  anatomical  relations  to  the  stomach  and 
physiological  relation  to  the  liver,  may  allow  it  to  be  described  as  an  accessory  to 
the  digestive  tract. 

It  is  placed  deep  in  the  left  hypochondrSum,  between  the  fundus  of  the  stom- 
ach and  diaphragm,  above  the  descending  colon. 

In  numbei'  there  is  but  one,  yet  various  observations  show  it  may  be  congeni- 
tally  lacking,  or  may  be  multiple;  as  many  as  twenty-three  in  one  body.  These 
arc  called  aeeenffon/  or  mipernuTftentn^  spleens  {liencuU\  probably  occasioned  by 
the  deep  notching  of  the  anterior  margin  and  separation  of  the  included  pjirts. 
They  may  be  connected  with  the  mother-organ  by  tliin  bridges  of  splenic  tissue 
or  only  by  a  portion  of  capsule.  Tiiey  are  generally  wholly  isolated,  and  situ- 
ated in  the  gastro-splenic  omentum,  great  omentum,  transverse  mesocolon,  or 
in  the  pancreas  on  a  branch  of  tlie  splenic  artery.  Frequently,  one  or  two  are 
in  the  region  of  the  hiius.  They  are  of  the  size  of  a  hazelnut,  red  to  almost 
black  in  color  and  of  a  rounded  form. 

No  organ  vjjries  more  in  indume  than  the  spleen.  In  children  it  is  relatively 
well  developed.  In  old  age  it  is  usually  atrophied.  It  varies  with  the  same 
individual,  with  sex,  degree  of  fulness  of  portal  vein,  sttitc  of  health  or  of  dis- 
ease, and  with  the  influence  of  certain  drugs.  It  is  hypertrophied  in  all  infec- 
tious diseases  and  in  all  depending  upon  malarial  poison  or  leukicmia.  It  may 
be  so  large  as  to  reach  the  pelvis  and  weigh  many  pounds. 

Its  average  length  in  ten  adult  men  was  found  to  be  12  cm.  (five  or  six 
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inches);  breadth,  8  era.;  thickness,  3  cni.  (Sappey).     In  children  it«  proportion 
to  body-weight  h  I  to  350;  in  adtilts  1  to  320;  in  old  age  1  to  700. 

Its  average  cadaveric  weight  in  the  above  ten  specimens  was  195  gm.  If 
filled  with  blood  its  physiological  weight  would  be  225  gm,  (or  7  ounces).  It« 
specific  gravity  is  L054,  showing  greater  density  than  the  liver.  Its  volume  is 
200  to  300  cc. 

Its  color  in  the  living  animal  h  dark  red  and  probably  the  same  in  living  man. 
After  death  it  is  dark  purple  to  a  grayish  red,  due  to  the  presence  of  venous 
blood. 

In  eonsisteJice  it  is  soft  and  distensible  and  liable  to  laceration. 
Form  and  Eelations. — The  spleen  may  be  ellipsoid,  tongiie-shaped  in   length, 
or  it  may  be  rectilinear  with  its  four  corners  rounded  off.     An  internal  view  of 

the  model  by  His  (Fig,  612),  shows  it 
to  be  somewhat  broader  above   than 
JJJrf*^  below,  while  typical  forms  presented 

by  Luschka  show  two  types  both  larger 
below.  One  is  rectangular  which  is 
most  frcijuent,  and  one  is  oval  (Fig. 
riStI). 

Tliree  surfaeni  may  be  distin- 
guished, phmu'c  or  externa!^  basalt  and 
inten}al,  which  is  subdivided  by  the 
m tc r t ti e diate  r uhj e  ( nt a r// o  int erjn edttif) 
into  an  anterior //r/x^rfV  portion  (**^-/>cr- 
Jh'H'H  (/mtriat\  and  a  posterior  ren<il 
portion  {^uperJivivH  renaUs). 
£  There  are  two    margins ^   anterior 

or  crenated  i^margo  erenatua^  and  /w*«- 
drior  (mfirgo  ohtmua). 

The  spleen  lies  obli<|ucly  with  its 
long  axis  placed  deep  in  the  left  hypo- 
chondrium  and  nearly  parallel  to  the  ribs.  It  lies  between  the  concave  surface 
of  the  diaphragm,  placed  to  the  left,  behind  and  above,  and  the  fundus  of  the  stom- 
ach, placed  to  the  right  and  in  front.  It  is  above  the  left  kidney  and  splenic 
flexure  of  colon  (Fig.  680),  This  figure  will  repay  study  as  we  do  not  alwavs 
appreciate  that  the  suprarenal  capsule  ami  kidney  and  spleen  rise  nearly  to  the 
cardia  witli  the  pancreas,  transverse  colon,  and  splenic  flexure  in  immediate 
contact 

Its  large  convex  pftrfnu*  surface  lies  against  the  costal  part  of  the  diaphragm 
and  looks  upward,  backward,  and  to  the  left  or  even  a  little  inward  above.  It  is 
covered  by  the  ninth,  tenth,  and  eleventh  ribs,  but  separated  from  them  by  the 
peritoneum,  diaphragm,  costo-phrenic  sinus,  and  in  part  by  the  left  plenra  and 
lung.  In  some  cases  the  left  lobe  of  the  liver  extends  between  this  surface  of 
the  spleen  and  diaphragm.  This  is  normal  at  birth  when  the  hepatic  surface  of 
the  spleen  is  the  biggest  of  all. 

The  internal  surface  directed  toward  the  abdominal  cavity  is  divided  by  a 
prominent  ridge  into  two  parts,  of  which  the  posterior  is  narrow  and  the  anterior 
broad. 

The  hihts  of  the  spleen  may  be  on  tlie  ridge,  but  is  usually  anterior  to  it.  It 
IS  represented  by  an  irregular  longitu<linal  row  of  ilepressiuns,  in  which  the  arteries 
and  nerves  enter  and  through  which  the  lymphatics  and  veins  emerge. 

The  surface  posterior  to  the  ri<lgc  is  the  renal  anrfaee,  flat  and  not  reaching 
as  high  as  the  gastric  surface,  it  is  turned  inward  and  downward  toward  the  left 
crus  of  the  diajihragm,  and  is  in  contact  with  the  upper  and  outer  margin  of  the 
left  kidney,  and  usually  the  suprarenal  capsule. 

The  ga»trw  surfaeej  broad  and  concave,  is  directed  inward  and  forward. 
When  the  stomach  is  distended  in  the  greater  part  of  its  extent,  this  surface  lies 


Fiii.  <^j.~Tbe  tw  o  tyf^-forruB  of  the  human  spleen 
A.  Hhumboidal  form  uf'bpleeu,  B.  Oviil  furm  <if  sfileen 
ItuichkA.) 
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against  the  posterior  wall  of  the  fundus  and  body  of  the  stomach  (Fig,  680). 
Lower  down  it  touches  the  tail  of  the  pancreas. 

The  basal  surfaee  forms  the  lower  and  outer  end  of  the  spleen,  and  is  trian- 
gular in  shape.  This  does  not  rest  on  the  left  kidney,  but  frequeutly  is  in  eon- 
tact  with  tbe  tail  of  the  pancreas  and  retjuiarh/  with  the  splenic  tlexure  of  the 
colon  and  phreno-colic  ligament. 

The  anterior  or  cn'mife  manpn  is  sharp  and  thin  and  usually  marked  by  a 
few,  two  to  four,  notches  more  or  less  deeply  cut;     It  separates  the  internal  from 
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Fio.  687.^ Relations  of  abdomlnftl  viscera.    Posterior  tic w.    (JcxesaeL) 


the  phrenic  surface.  Traced  from  the  upper  end  of  the  spleen,  this  border  passes 
outward,  convex  above.  This  lies  between  the  diajdirugm  and  stomach  nearly  as 
high  as  the  cardia.  The  border  then  passen  downward  and  forward,  and  is  in 
close  contact  wi^h  the  chest-wall  at  tlie  luid-axillary  line. 

The  inner  or  intermediate  bonier  lies  on  the  interior  surface  posterior  to  the 
hilus,  and  separates  the  gastric  and  renal  surfaces.  The  posterior  or  Hitnt  border 
separates  the  internal  and  phrenic  surfaces.  It  dips  in  between  the  diaphragm 
and  left  kidney,  and  runs  downw^ard  and  outward  along  the  lower  border  of  the 
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eleventh  rib.  A  hwer  border  may  be  described  between  the  phrenic  and  basal 
surfaces. 

The  upprr  tutd  of  the  spleen  lies  on  the  level  of  the  tenth  dorsal  vertebra. 
It  approaches  the  vertebral  column  to  within  2  or  3  cm.,  and  often  touches  it* 
It  is  covered  behind  by  the  ribs  and  the  threat  8acro-spinalis  muscle. 

The  lower  end  of  the  spleen  extendi  more  or  less  forward,  but  normally,  even 
in  deep  inspiration,  does  not  extend  beyond  the  costo-clavicnlar  line,  which  con- 
nects the  left  stern 0- clavicular  articulation  to  tbe  anterior  end  of  the  eleventh 
rib.  Frequently  it  only  reaches  tbe  axillary  line.  In  regard  to  the  relations  of 
the  spleen  to  the  thoracic  cavity  and  lung  three  zones  can  be  distingnished  (Fig, 
6B7)  :  (1)  The  upper  part  of  the  spleen  is  completely  covered  by  tbe  left  lung; 
(2)  the  middle  part  corresponds  to  the  costo-phrcnic  sinus  ;  (3)  the  lower  pari 
extends  over  the  lower  pleural  limit  and  [projects  down  over  the  costal  origin  of 
the  diaphragm.  Its  relations  to  the  pleura  and  pleural  cavity  explain  whj 
wounds  of  the  spleen  can  be  accompanied  by  wounds  of  the  lung  and  why  abscess 
of  the  spleen  may  open  through  the  diaphragm  into  the  left  pleural  cavity. 

It  can  also  be  seen  how  the  limit  of  percussion  is  very  narrow.  The  upper 
part  is  covered  by  the  lung  and  thick  muscles  of  the  back.  The  part  not  covered 
by  the  lung  applies  itself  to  the  left  kidney  and  splenic  flexnre  of  colon  whereby 
the  percussion  note  may  be  modifie*!,  especially  if  fiecal  masses  be  in  the  colon 
or  if  tbe  fundus  of  the  stomach  he  filled  w  itli  food.  Abnormal  enlargements  of 
the  spleen  may  be  diagnosed  by  palpation  as  well  as  by  percussion. 

Relations. 
ExUnialhi  and  above: 

Peritoneum  and  left  costal  part  of  diaphragm; 

Ninth,  tenth,  and  eleventh  ribs; 

Costo-phrenic  sinus; 

Left  lung  and  pleura ; 

(At  b  i  r t  h )  I  e  ft  lo  be  o  f  1  i  v  er  ; 

Great  muscles  of  back. 

InternaJJtf : 

Posterior  surface  of  fundus  of  stomach; 
Left  kidney  and  capsule; 
Tail  of  pancreas ; 
Sometimes  vertebral  column. 

Infer iurhf  : 

Tail  of  pancreas  sometimes ; 

Splenic  flexure  of  colon  ; 

Lig.  pbreno-colicum;  saecus  lienalis. 

Fixation  of  Spleen  and  Peritoneal  Relations.— The  position  of  the  spleen  is 
secured  by  peritoneal  folds  which  connect  it  with  the  diapbnigm  and  neigh borin*' 
organs. 

Tbe  //f/.  phreno-lienale  comes  from  the  left  crus  of  the  diaphragm,  and  passes" 
in  tbe  direction  of  the  long  axis  of  the  spleen  to  its  point  of  insertion,  which  is 
directly  belli nd  the  inner  border  (margo  intermedius).     The  ligament  consists 
iirm  connective  tissue  strands,  and  deservt.»s  tbe  name  SHspetij<ori/  Ik/ttment  of 
upleeti  (lig.  suspensorium  lienis)* 

The  iifj,  gmtro-lienaie  or  gastro-sphmie  omentum  connects  the  hilns  of  the 
spleen  with  the  fundus  of  the  stomach.  It  consists  of  an  anterior  layer  formed  of 
peritoneum  of  the  greater  sac,  and  a  posterior  layer  which  helps  form  the  anterior 
wall  of  tbe  lesser  sac  (Fig.  611),  It  only  receives  a  strong  consistency  by  the 
presence  of  the  vasa  gastrica  brevia,  which  run  in  this  fold  from  tbe  hilus  of  the 
spleen  to  the  stomnch.  The  insertion  of  the  ligament  into  the  fundus  of  the 
stomach  has  no  firoi  hold  and  can  offer  but  little  fixation  to  the  spleen,  but 
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rather  serves  to  fasten  the  fundus  of  the  stomach,  which,  in  an  empty  state,  needs 
support. 

The  Ug,  Ueno-renale  (Fig.  611)  is  made  of  a  posterior  layer  from  the  greater 
sac  and  an  anterior  layer  which  forms  part  of  the  posterior  wall  of  the  lesser  sac. 
It  contains  the  splenic  vessels* 

The  %,  phreito-cvlicttm  (incorrectly  costo-colic)  contributes  to  the  security  of 
the  s]>leen,  although  unconnected  with  it.  It  arises  from  the  diaphragm  opposite 
the  anterior  ends  of  the  tentli  and  eleventh  ribs,  and  passes  below  the  spleen 
downward  and  inward  to  the  splenic  flexure  of  the  colon  and  to  the  anterior  sur- 
face of  the  descending  colon.  It  forms  a  pocket,  with  its  coneuvity  directed 
upward  and  inward,  the  saevus  lifnalhj  which,  in  the  new-born,  regularly  receives 
the  spleen.  This  ligament  may  aUo  be  called  the  suiffentaruhtm  llcnift,  i^upporter 
of  the  spleen.  By  the  normal  condition  of  the  suspensory^  and  es]iecially  [direno- 
colic  ligament,  the  spleen  retains  its  position.  Should  the  phrcno-colic  be  re- 
laxed then  the  spleen  is  di,splaeed  and  its  long  axis  becomes  more  vertical.  In 
rare  cases  the  normal  .^^pleen  may  sink  deep  into  the  abdominal  cavity,  even  to 
the  pelvis.  This  is  called  tbe  *^  wandering  spleen.**  It  is  liable  to  atrophy  when 
the  splenic  artery  suffers  torsion.  There  are  still  two  more  inconstant  ligaments, 
the  liq,  paHcrealku-lifnale  atnd  eolico-Uenah.  The  former  is  present  when  the 
tail  of  the  pancreas  does  not  reach  the  lower  part  of  the  inner  surface  of  the 
spleen;  then  t  b  e  v  i  se  e  r  a  1  j  >  e  r  i  to  n  eu  m  fr  o  m  h  el  o  w  a  n  d  1 1 1  e  1  es  ser  sa  c  fro  ni  a  ho  v  e 
form  a  short  band  between  these  two  organs,  a  part  of  the  lig.  lieno-renale. 

The  Jig,  coUeo-lienale^  when  present,  passes  from  the  basal  surface  of  the 
spleen  downward  and  outward  to  the  descending  colon  and  joins  the  great  omen- 
tum.    It  contributes  to  the  furmation  of  the  saccus  lienalis, 

Tbe  ligaments,  altogether,  are  the  iig.  gastro-Itenale  or  gastro-splenic  omen- 
tum ;  lig*  ifhreno'lienaij^  or  suspensory  ligament;  lig.  phreno-coUeum  or  supporter 
of  the  spleen ;  %.  lietw-renah,  %.  pancrealico'lietiahu  and  lig*  colico-lienaie^  six 
in  number. 

IlesjnratHm  exerts  an  influence  upon  the  position  of  the  spleen,  and  especially 
on  the  percussion  limits.  In  inspiration  it  sinks  somewhat,  and  its  area  of  dtil- 
ness  is  lessened  from  the  overlapping  of  tbe  lungs.  Yet  tbe  respiratory  motility 
of  the  spleen  is  much  less  than  tluit  of  the  liver,  because  tbe  diaphragm  exercises 
less  infiuence  over  it  tban  upon  the  liver.  Hasse^  states  tbat  in  inspiration  the 
spleen  is  compressed  from  above  downward,  and  in  expiration  it  passes  upward 
and  backward  along  the  tenth  rib.  Patbologieal  changes  in  tbe  tboraeic  cavity, 
as  effusions,  will  push  tlie  spleen  down,  or  ascites  and  tumors  in  tlie  alidominal 
cavity  will  push  it  up. 

Vessels  and  Nerves  of  the  Spleen. — The  arteries  are  branches  of  the  splenic; 
it  divides  about  3  cm.  internal  to  the  hilus  into  three  or  fonr  branches  which 
soon  subdivide  into  twelve  or  fifteen  twigs,  which  enter  the  gland.  The  Hplenic 
vein  is  about  twice  as  large  as  the  accompanying  artery. 

The  himphfitle  rfnn'ch  are  divided  info  a  superficial  and  deep  set.  Sappey  con* 
tends  for  a  superficial  set  in  man,  wlueb  is  proven  in  tbe  horse,  deer,  and  pig. 
The  deeper  lymphatic  vessels  follow  tbe  blood-vessels,  one  for  each  of  the  larger 
veins.  At  the  hihis  there  are  five  or  six  trunks  which  empty  into  the  glands 
situated  there.  In  their  farther  course  they  follow  the  blood-vessels  and  unite 
with  tbe  lymphatics  of  the  liver  and  stomach  to  form  the  thoracic  duet. 

Tbe  }it'rv*'H  come  from  the  cteliae  jdexus  and  right  vagns,  and  accompany, 
sparingly,  the  splenic  iirtery. 

Structure.— The  spleen  is  invested  hy  two  coats — an  external  serous  and  an 
internal  fibro-elastic  coat  (timica  propria). 

The  externa!  ot  serous  coat  is  derived  from  tbe  peritoneum ;  it  is  thin,  smooth, 
and  in  the  human  subject  intimately  adherent  to  the  fibro-elastic  coat.  It  invests 
almost  the  entire  organ,  being  reflected  from  it,  at  the  hilus,  on  to  tbe  great  end 
of  the  stomach,  and  at  the  upper  end  of  the  organ  on  to  the  Diaphragm, 

K4rch.f,  AnaL  «.  Phys.,  1886,  h.  208. 
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The  fihro-ehuttc  coat  forms  t!ie  framework  of  the  spleen.  It  invests  the 
exterior  of  the  organ,  antl  at  the  hilus  i8  reflected  inward  njmn  the  vessels  in  the 
form  of  vagioie  or  sheaths.  From  these  sheaths,  as  well  as  from  the  inner  surface 
of  the  fibro-ekstic  coat,  numerous  small  fibrous  bands,  trabeeulw  (Fig-  688), 
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Fig*  688.— TmnaverBe  Beckon  of  the  «ple«n,  showing  the  trabecular  tissue  and  the  spk'Qic  vein  imd  Its  bimxteb 

given  off  in  all  directions;  these,  uniting,  constitute  the  areolar  framework  of  the 
spleen.  The  framework  of  the  spleen  resembles,  therefore,  a  aponge-like  material, 
consisting  of  a  number  of  small  spaces  or  areoht^  formed  by  the  traheeulie  which 
are  gi%^en  off  from  the  inner  surface  of  the  capsule,  or  from  the  sheaths  prolonged 
inward  on  the  blood-vessels.  And  in  tbese  spaces  or  areohe  is  contained  the 
Hplcnie  puip. 

The  proper  coat,  the  bheatlis  tif  the  ve.sst:ds  and  tbe  tnibecube.  consist  of  a 
dense  mesh  of  white  and  yellow  elastic  fibrous  tissues,  the  latter  considerably  pre- 
dominating. It  is  owing  to  the  presence  of  this  tissue  that  the  spleen  possesses 
a  considerable  amount  of  elasticity,  which  allows  of  the  very  great  variations  in 
size  that  it  presents  toider  rertahi  circumstances-  In  addition  to  these  con- 
stituents of  this  tunic,  there  is  found  in  man  a  small  amount  of  non-striped  muscu- 
lar fibre^  and  in  some  mammalia  (^^  /;.  dog,  ]»ig,  and  cat)  a  very  considerable 
amount,  so  that  the  trabecular  appear  to  consist  ehielly  of  mfiscnlar  tissue.  It  i^ 
probably  owing  to  this  structure  that  the  spleen  exhibits,  when  acted  upon  by  the 
galvanic  current,  fain  I  traces  of  contractility. 

The  proper  subsfanrt^  of  the  npleen  or  fipheji'/ndp  is  a  soft  mass  of  a  dark 
reddish-brown  color,  resembling  grumous  blood.  When  examined,  by  means  of  a 
thin  section,  under  a  microseope,  it  is  found  to  eruisist  of  a  number  of  branching 
cells  and  an  intercellular  substance.  The  cells  are  eonnective-tissue  corpuscles, 
and  have  been  named  the  mifttentfieular  or  gupportint/  eelh  of  the  pulp.  The 
processes  of  these  branching  cells  communicate  with  each  other,  thus  forming  a 
delicate  reticulated  tissue  in  the  interior  of  the  areobe  formed  by  the  trabecular  of 
the  capsule;  so  that  each  primary  space  may  be  considered  to  be  divided  into  : 
number  of  smaller  s[)aces  by  the  junction  of  these  jirocesses  of  the  branching" 
corpuscles.  These  secondary  spaces  c^mtain  blood,  in  which,  however,  the  white 
corpuscles  are  found  to  be  in  larger  |U'o|M>rtions  than  they  are  in  ordinary  blood. 
The  sustentacular  cells  are  either  small  uni-nueleated  or  larger  ratilti-nucleattHl 
cells;  they  do  not  become  deeply  staincfl  with  carmine,  like  the  cells  of  the 
Malpjghian  bodies,  ]M*esently  to  be  described  (W.  MiiUer),  but  like  them  they  pos- 
sess amoeboid  movements  (Cohnheim),      In  many  of  them  may  be  seen  deep  red 
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or  reddish-yellow  granules  of  various  sizes  which  present  the  characters  of  the 
hrematin  of  the  blind.  Sometimes,  also,  unchanged  blood-disks  are  seen  iTicbided 
in  these  eells,  but  more  frequently  blood-disks  are  found  which  are  altered  both 
in  form  and  color.  In  fact,  blood-corpuscles  in  all  stages  of  disintegration  may 
be  noticed  to  nccur  within  them.  Klein  lias  recently  pointed  out  that  some- 
times these  cells  in  the  young  spleen  ctintoin  a  proliferating  nucleus ;  that  is  to 
say,  the  nucleus  is  of  large  size,  and  presents  a  number  of  knob-like  projections, 
as  if  small  nuclei  were  budding  from  it  by  a  process  of  gemmation*  This  observa- 
tion is  of  importance,  as  it  may  explain  one  possible  source  of  the  colorless  blood- 
corpuscles. 

The  in  ters paces  or  areolpe  formed  by  the  framework  of  the  spleen  are  thus  filled 
by  a  delicate  reticulum  of  branched  connective-tissue  corpuscles  the  interstices  of 
which  are  occupied  by  blood,  and  in  which  the  blood-vessels  terminate  in  the 
manner  now*  to  be  described. 

Blood'Vesseh  of  the  Spleefi. — The  splenic  artery  is  remarkable  for  its  large 
size  in   proportion   to  the  size  of  the  organ,  and  also  for  its  tortuous  course. 


FlO.  6W,— Tnuisverae  lection  of  the  human  spleen,  stiowlng  the  dlstribulion  of  the  splenic  artery  and  lis 
bfanches. 

It  divides  into  twelve  to  fifteen  branches,  which  enter  the  hilus  of  the  spleen 
aud  ramify  throughout  its  substance  (Fig.  689),  receiving  sheaths  from  an 
involution  of  the  external  fibrous  tissue.  Similar  sheaths  also  invest  the  nerves 
and  veins. 

Each  branch  runs  in  the  transverse  axis  of  the  organ  from  within  outward, 
diminishing  in  size  during  its  transit,  and  giving  off  in  its  passage  smaller 
branches,  some  of  which  pass  to  the  anterior,  others  to  the  posterior  part.  These 
ultimately  leave  the  trabecular  sheaths,  and  terminate  in  the  proper  substance  of 
the  spleen  in  small  tufts  or  jiencils  of  minute  arterioles,  which  open  into  the 
interstices  of  the  reticulum  formed  by  the  branched  sustentacular  cells.  Each  of 
the  larger  branches  of  the  artery  sup[dies  chiefly  that  region  of  the  organ  in 
which  the  branch  ramifies,  having  no  anastomosis  with  the  majority  of  the  other 
branches. 

The  arterioles,  supported  by  the  minute  trabecular,  traverse  the  pulp  in 
all  directions  in  bundles  or  penicilli  of  straight  vessels.  Their  external  coat,  on 
leaving  the  trabecular  sheaths,  consists  of  ordinary  connective  tissue,  but  it  gradu- 
ally undergoes  a  transformation,  becomes  much  thickened,  and  is  converted  into 
a  lymphoid  material^  This  change  ia  effected  by  the  conversion  of  the  con- 
nective tissue  into  a  cystogenous  tissue,  the  bundles  of  connective  tissue  becoming 

^  Acct>rdiijg  to  Klein,  it  is  the  shejith  of  tine  Hmall  vessel  wliich  lujtkrgoes  tliis  tpaiibformaiion, 
atid  forms  a  "B<^>lld  mass  of  aiiennid  tiiwiie  which  aurrfMindB  the  vessel  like  a  cvlindricnl  shenth  "  {AU(t9 
of  Hisfokigy^  p.  424)* 
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looser  und  laxer,  their  fibrils  more  delicate,  and  containing  in  their  interstices 
an  abundance  of  lymph^corpuscles  (W*  Mliller).  This  Ijinphoid  material  is 
supplied  with  blood  by  minote  vessels  derived  from  the  artery  with  which  they 
are  in  contact,  and  which  terminates  by  breaking  up  into  a  network  of  capillary 
ve^^iels. 

The  altered  cnat  of  the  arterioles,  consisting  of  lymphoid  tissue,  presents  here 
and  there  thickenings  of  a  spheroidal  shape,  the  Malpighlan  bodies  of  the  itpleen. 
These  bodies  vary  in  size  from  abont  the  yj-g-  of  an  inch  to  the  ^  of  an  inch  id 
diameter.  They  are  merely  local  expansions  or  hyperplasine  of  the  lynaphoid 
tissue  of  which  the  external  coat  of  the  smaller  arteries  of  the  spleen  is  foi*med. 
They  are  moat  frequently  found  surrounding  the  arteriole,  which  thus  seems  to 

tunnel  them,  bnt  occasionally  they  grow  from 
one  side  of  the  vessel  only,  and  present  the 
appearance  of  a  sessile  bud  growing  from  the 
arterial  walL  Klein,  however,  denies  this, 
and  says  it  is  incorrect  to  describe  the  Mal- 
pighian  bodies  as  isohited  masses  of  adenoid 
tissue,  but  that  they  are  always  formed  arounrl 
an  artery,  though  there  is  generally  a  greater 
amount  on  one  side  than  the  other,  and  that. 
therefore,  in  transverse  sections  the  artery  in 
the  majority  of  eases  is  found  in  an  eccentric 
position.  These  bodies  are  visible  to  the  naked 
eye  on  the  surface  of  a  fresh  section  of  the 
organ,  appearing  as  minute  dots  of  semi- 
opacjiio  wbitisb  color  in  the  dark  substance 
of  the  pulp.  In  minute  structure  they  re- 
semble the  adenoid  tissue  of  lymphatic  glands* 
consisting  of  a  delicate  reticulum  in  the  meshes 
of  which  lie  ordinary  lymphoid  cells  (Fig. 
690). 

The  reticulum  of  the  tissue  is  made  up 
of  extremely  delicate  fibrils,  and  is  comparatively  open  in  the  centre  of  the 
corpuscle,  becoming  closer  at  the  periphery  of  the  body*  The  cells  which  it 
encloses,  like  the  supporting  cells  of  the  pulp,  are  possessed  of  amoeboid   move- 
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Fig.  690— Artery    IKim   a   dog'n   spleen, 
vhowlng  Malplwhiftn  corpuscles.    tK51lDier.) 
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Fig.  0i>l.— Section  of  splei^Hj  showing  tlie  termination  of  the  tmall  blood-vessels* 

ment5,    but  when   treated  with   carmine   become  deeply  stained,  and   can    thus 
easily  be  recognised  from  those  of  the  pulp. 

The  arteriole:?  terminiite  in  capillaries,  which  traverse  the  pulp  in  all  directiooi: 
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their  walls  become  much  attenuated,  lose  their  tubular  character,  and  the  cells  of 
the  lymphoid  tissue  of  which  thev  are  com  posed  become  altered,  presenting  a 
branched  appearauce  and  acijuiring  processes  which  are  directly  connected  with 
the  processes  of  the  sustentacular  cell.s  of  the  pulp  (Fig.  691).  In  this  manner  the 
capillary  vessels  terminate,  and  the  blood  flowing  through  them  finds  its  way  into 
the  interstices  of  the  reticulated  tissue  formed  by  the  branched  connective-tissue 
corpuBcles  of  the  splenic  pulp.  Thus  the  blood  passing  through  the  spleen  is 
brought  into  intimate  relatitm  with  the  elements  of  the  pulp,  and  no  doubt  under- 
goes important  changes. 

After  these  changes  have  taken  place  the  blood  is  collected  from  the  interstices 
of  the  tissue  by  the  rootlets  of  the  veins,  which  commence  much  in  the  same  way 
as  the  arteries  terminate.  Where  a  vein  is  about  to  commence  the  connective- 
tissue  corpuscles  of  the  pulp  arrange  themselves  in  rows  in  surh  a  way  as  to  form 
an  elongatcil  space  or  sinus.  They  become  changed  in  shape,  being  elongated 
and  spindte-sLaped.  and  overlap  each  other  at  their  extrctiiities.  They  thus  form 
a  sort  of  endothelial  lining  of  the  path  or  sinus,  which  is  the  radicle  of  a  vein, 
(hi  the  outer  surface  of  these  cells  arc  seen  delicate  transverse  lines  or  markings 
which  are  due  to  minute  elastic  fibrilhe  arranged  in  a  circular  manner  around  the 
sinus.  Thus  the  channel  obtains  a  omtinuous  external  investment,  n\n\  gradually 
becomes  converted  intr)  a  small  vein,  which  after  w  time  presents  *i  coat  of 
ordinary  connective  tissue,  lined  by  a  layer  of  fusifium  cjiithelial  cells  which  are 
continuous  with  the  supporting  cells  of  the  pulp.  The  smaller  veins  unite  to  form 
larger  ones  which  do  not  accompany  the  arteries,  but  soon  enter  the  trabecular 
sheaths  of  the  caj>8ule,  and  by  their  junction  form  from  four  to  six  branches  which 
emerge  from  the  bilum  and,  uniting,  fnrm  the  si>lenie  vein,  the  largest  railicle  of 
the  vena  porta. 

The  veins  are  remarkable  for  their  numerous  anastomos€»s,  while  the  arteries 
hardly  anastomi»se  at  all. 

The  lymphatics  originate  in  two  ways — L  e.  a  trabeeulnr  set  and  a  pertvascu* 
lar  set*  The  former  run  on  the  trabeculae  and  empty  into  the  superficial  network 
of  the  capsule.  The  perivascular  is  the  deep  set,  rising  in  the  lyraphoiii  tissue 
surrounding  the  arteries  and  forming  Mjiljiighian  corpuscles.  At  first  they  have 
no  walls.  They  are  seen  to  run  with  an  artery  in  pairs  and  singly  with  each  Inrger 
vein,  forming  many  anastomoses.     Both  sets  join  at  the  hilus  (see  page  1077). 

Surfaee  Form.~The  spleen  is  situated  iiuder  cover  of  the  ribs  of  the  left  side,  being  sepa- 
rated from  theui  by  the  DiMplirapm,  and  abuvt;  by  a  ^tuall  portion  of  the  lower  uiar^ui  of  the 
left  lanp.  Its  position  oorr«_^pon»ls  tu  the  ninth,  ti^ntli,  aiHl  eleventh  rih^.  It  is  jilaeed  ver>' 
obliquely.  ''It  is  obliiiue  iu  two  iliret-t ions.  viz.  from  alwno  flown w»rd  atjd  outward,  ami  also 
from  above  downward  aad  forwanl ''  (I'umunghaui).  ''  Its  highest  and  lowest  fujints  are  on  a 
levt4  respet'ttVLdy  with  the  iiintli  doi-siil  ami  first  lumW  sjnnes;  its  inner  end  is  distant  alx>ut  an 
imdj  and  a  half  tVoui  the  nietJian  plane  of  the  \mAy\  and  its  outer  end  alxtut  remits  the  mid- 
axillary  1  bte  ' '  I  y  I lai n ) . 

Surgical  Anatomy.— Injury  rd'the  splet^n  is  leaseomujon  than  that  of  tin.'  liver,  on  aeeount 
of  its  pniiecteil  situation  iind  eouaeetious.  It  may  he  raptured  by  dirt^'t  or  iiidireL-t  viidenet' . 
tori)  i>y  a  brt^ken  rih,  or  injured  by  a  i)UU4;ttired  *tr  Lnumliot  wound.  When  the  organ  is  enlarged 
the  dianrc  of  rujitare  is  iiKTeased.  The  great  risk  is  lueunfrrhage,  owing  to  the  great  vascu- 
larity of  the  origan,  and  ihe  ab,seaee  of  ii  projxT  system  of  eapillaries.  The  injunls  not>  how* 
ever,  necessarily  fatal  and  tlii.s  would  ajipear  io  be  due  m  a  great  measure  to  the  contraetile 
power  of  it.s  ciipsule,  wbieh  narrows  the  wound  and  jjre vents  the  escape  of  bbwd.  In  eases 
where  the  diagiioiiis  is  elear  and  the  symmoms  iadi«*ale  danger  tu  life  lapi*rott>niy  nnist  l>e  per- 
furaied;  and  if  the  bixunorrhitiie  eaunot  lie  stayed  by  ordinary  suridcal  nu'tbods  the  spleen  mast 
be  removed.  Tlie  s^deeu  may  become  displaced,  producing  great  jrmiu  from  stretching  of  the 
vessels  and  nerves,  and  ibis  may  recpiirc  removal  of  the  organ.  l|ie  j^plecn  aitty  l>cconie  eiior- 
mously  enlarged  in  certain  diseased  conditions,  such  as  ague,  syphilis,  \alvular  dist^ase  of  the 
heart,  or  without  any  obtainable  history  of  previous  disease.'.  It  may  also  become  enbirtred  in 
lytaphadeaoma  as  a  ]iart  <>f  a  general  bliKid-diseiise.  In  these  cases  the  tunior  may  sometiujes 
til!  the  abdomen  aatl  extend  into  the  pelvis,  and  may  be  miabtken  for  ovarian  or  uterine 
disease. 

The  spleen  is  soujetimes  tJie  seat  of  e.vBtic  tiuDore,  esj>eeiaUy  hydatids,  and  of  abseess. 
These  cases  re<iuire  treatmeiit  by  ineisioa  and  dntinaee ;  and  m  abscess  grt'at  cure  must  lie  taken 
if  there  are  uo  adhesions  between  the  spleen  and  abdominal  cavity,  to  prevent  the  eseai>e  of  any 
of  the  pus  into  the  |>eritoneal  eavitv.     If  possible,  the  operation  should  be  performed  in  two 
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itage@,  as  in  absoe^  of  llie  liver.    8a3iCioTna  and  eajt^inoma  are  cKscasrooally  found  b  the 
btit  vory  rarel?  tiM  a  Drimar>^  disea»*.  ^      _  ^  ^^  , 

K\hr|nifii>n  of  the  spleen  has  been  perfunuetl  for  wounds  or  injuries,  in  floating  ^piMIlt  i 
mniplr  by[>ertroph>%  and  in  lenka'^mie  enlareeinent ;  but  in  those  latter  im^A  tlie  o]:*entooii 
now  regarded  as  nnjiistifiable,  as  every  cai*  in  which  it  hue  bet n  performed  has  feriaiill 
fatally.  The  iiieJBion  is  l>est  made  in  the  left  semilunar  line :  the  spleen  is  ii«3lated  frt>m  Its  I 
toundings.  and  th^  jHniiele  tTunjjJixed  and  lij?:atnred  in  two  portions,  l>efore  the  tumor  h  tar^ 
QUt  of  the  fthdouiinal  cavity,  if  thijs  ih  possilile,  mi  as  to  avoid  any  tnietiou  on  the  jjediele,  whieih 
mm  muse  tearing  of  the  splenie  vein.  In  applying  the  Ikature  care  must  \m  taken  not  lO 
inelude  the  tail  ot  the  pancreas^  and  in  lifting  outthe  organ  to  ai^oid  rupturing  the  eapsufe. 


THE  THORAX. 


THE  Thorax  is  a  cone-shaped  cavity  containing  and  protecting  the  heart, 
enclosed  in  its  membranous  bag,  the  pericardium^  and  the  lungs,  invested  by 
the  pleura.     Its  shape  and  boundaries  have  already  been  described  (see  page  230). 

The  Cavity  of  the  Thorax. — The  size  of  the  cavity  of  the  thorax  does  not 
correspond  with  its  apparent  size  externally,  because  (1)  the  space  enclosed  by  the 
lower  ribs  is  occupied  by  some  of  the  abdominal  viscera,  and  (2)  the  cavity  extends 
above  the  first  rib  into  the  neck.  The  size  of  the  cavity  of  the  thorax  is  constantly 
varying  during  life  with  the  movements  of  the  ribs  and  Diaphragm  and  with  the 
degree  of  distension  of  the  abdominal  viscera.  From  the  collapsed  state  of  the 
lungs  in  the  dead  body  it  would  appear  as  if  the  viscera  only  partly  filled  the 
cavity  of  the  thorax,  but  during  life  there  is  no  vacant  space,  tnat  which  is  seen 
after  death  being  filled  up  by  the  expanded  lungs. 

The  Upper  Opening  of  the  Thorax. — The  parts  which  pass  through  the  upper 
opening  of  the  thorax  are,  from  before  backward  in  the  middle  line,  the  Sterno- 
hyoid and  Sterno-thyroid  muscles,  the  remains  of  the  thymus  gland,  the  trachea, 
oesophagus,  thoracic  duct,  and  the  Longus  colli  muscle  of  each  side ;  at  the  sides, 
the  innominate  artery,  the  left  common  carotid  and  left  subclavian  arteries,  the 
internal  mammary  and  superior  intercostal  arteries,  the  right  and  left  innom- 
inate veins,  and  the  inferior  thyroid  veins,  the  pneumogastric,  cardiac,  phrenic, 
and  sympathetic  nerves,  the  anterior  branch  of  the  first  dorsal  nerve,  and  the 
recurrent  laryngeal  nerve  of  the  left  side.  The  apex  of  each  lung,  covered  by 
the  pleura,  also  projects  through  this  aperture,  a  little  above  the  margin  of  the 
first  rib. 

The  Lower  Opening  of  the  Thorax  is  wider  transversely  than  from  before  back- 
ward. It  slopes  obliauely  downward  and  backward,  so  that  the  cavity  of  the 
thorax  is  much  deeper  behind  than  in  front.  The  Diaphragm  (see  page  444)  closes 
in  the  opening,  forming  the  floor  of  the  thorax.  The  floor  is  flatter  at  the  centre 
than  at  the  sides,  and  is  higher  on  the  right  side  than  on  the  left,  corresponding  in 
the  dead  body  to  the  upper  border  of  the  fifth  costal  cartilage  on  the  former,  and 
to  the  corresponding  part  of  the  sixth  costal  cartilage  on  the  latter.  From  the 
highest  point  on  each  side  the  floor  slopes  suddenly  downward  to  the  attachment 
of  the  Diaphragm  to  the  ribs ;  this  is  more  marked  behind  than  in  front,  so  that 
only  a  narrow  space  is  left  between  it  and  the  wall  of  the  thorax. 

For  vieasurement8  of  the  thorax  see  page  1099. 

THE  PEBIOABDIUM. 

The  Pericardium  (Figs.  692,  698)  is  a  conical  membranous  sac  in  which  the 
heart  and  the  commencement  of  the  great  vessels  are  contained.  It  is  placed 
behind  the  sternum  and  the  cartilages  of  the  third,  fourth,  fifth,  sixth,  and  seventh 
ribs  of  the  left  side,  in  the  interval  between  the  pleurae. 

Its  apex  is  directed  upward,  and  surrounds  the  great  vessels  about  two  inches 
above  their  origin  from  the  base  of  the  heart.  Its  base  is  attached  to  the  central 
tendon  and  part  of  the  adjoining  muscular  structure  of  the  Diaphragm,  extending 
a  little  farther  to  the  left  than  to  the  right  side.  In  front  it  is  separated  from  the 
sternum  by  the  remains  of  the  thymus  gland  above  and  a  little  loose  areolar  tissue 
below,  and  is  covered  by  the  margins  of  the  lungs,  especially  the  left.  Behind,  it 
rests  upon  the  bronchi,  the  oesophagus,  and  the  descending  aorta.  Laterally,  it  is 
covered  by  the  pleurae,  the  phrenic  nerve  with  its  accompanying  vessels  descending 
between  the  two  membranes  on  either  side. 
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Flo.  flBflL— Fei^If'JLrdlinii,  from  {d  front.  The  sue  htm  been  disteudi^  with  pliiater.    (From  &  pregianitJoii  In  Cb« 
Mnteuin  of  the  Royal  CyU*?ge  of  Surgeon*,} 

the  left  side,  somewhat  conical  in  shape,  passes  upward  and  outward,  between  the 
arch  of  the  aorta  and  the  left  puliiionury  artery ,  as  f?ir  as  the  diietuj^i  arteriosus, 
where  it  terminntus  in  a  c:eeal  extremity,  wliieh  \s  attached  by  loose  connective 
tissue  to  the  oblitenitcd  duct  (Fig.  69"J).  The  one  on  the  riglit  side  passes  up- 
ward and  to  the  right,  between  tbe  uweending  aorta  and  verm  cava  superior,  and 
also  terminates  in  a  ca^cal  extremity.  Bulow,  the  fibrous  layer  is  attached  to  the 
central  tendon  of  the  DiapbragiiK  and  on  the  k-ft  side  to  its  muscular  fibretj. 
Anteriorly  the  pericardium  is  connected  to  the  sternum  by  two  variable  bunds  of 
fascia,  the  anpertor  and  iRfrrtor  tfteintt'ptTinfnhtj!  ligaments  of  Lusclika. 

The  vessels  receiving  fibrous  prolongations  are  the  aorta,  the  superior  vena  cavi 
the  right  and  left  pulmonary  arteries,  and  the  four  pulmoniiry  veins*  As  the  infi 
rior  vena  cava  enters  the  pericardium,  it  receives  no  covering  from  the  fihrous  layer. 
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The  9erou«  layer  invests  the  heart,  and  is  then  reflected  on  the  inner  surface 
of  the  pericardium^  It  consists,  therefore,  of  a  visceral  and  parietal  portion. 
The  former  invests  the  surface  of  the  heart  and  the  commeneement  of  the  great 
vessels  to  the  extent  of  one  inch  and  a  half  from  their  origin ;  frcim  these  it  is 
reflected  upon  the  inner  surface  of  tbe  fibrous  layer.  The  serous  membrane 
encloses  the  aorta  and  pulmonary  artery  in  a  single  tube ;  hence  between  these 
vessels  and  the  auricles  posteriorly  is  a  passage,  the  trajim'erse  peruHirdui!  »inns ; 
but  it  only  partially  covers  the  superior  and  inferior  vena  cava  and  the  four  pul- 
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WHBL  ML— 'Periaudttmi,  fbom  behind.    (From  the  samt;  preparatioD  its  the  preceding  figure,) 

monary  veins.  Its  inner  surface  is  smooth  and  glistening,  and  secretes  a  thin 
fluid  which  serves  to  facilitate  the  movements  of  the  heart. 

ArterieB  of  the  Perwardmm. — These  are  derived  from  the  internal  mammary 
and  its  musculo-phrenic  branch  and  from  the  descending  thoracic  aorta. 

Nerves  of  the  Pencardium, — These  are  branches  from  the  vagus,  the  phreniCt 
and  the  sympathetic. 

The  Vestigial  Fold  of  the  Pericardium. — When  the  pericardium  is  opened 
there  is  seen  lying  between  the  left  pulmonary  artery  and  subjacent  pulmonary 
vein  a  triangular  fold  (vestigial  fold  of  JfarshalJ)  of  the  serous  layer,  which  encloses 
between  its  layers  the  remains,  a  fibrous  cord,  of  the  left  superior  vena  cava.  This 
cord  may  sometimes  be  traced  upward  to  the  left  superior  intercostal  vein. 


TiQ,  694.— Front  view  of  the  thorax.  The  ribs  and  etemum  axe  reprefleoled  In  relfttiun  to  the  liuisi»  hmH,, 
and  other  interual  organs.  L  Pulmonary  oriflcti.  2.  Aortic  urlfice.  3.  Left  aurifulo-ventrtcuJar  ori^ce.  4.  iUglit 
aurirulo- ventricular  tirlflC'i?. 


interval  between  the  fifth  and  ninth  dorsal  vertebrae — that  is,  it  lies  opposite  the 
sixth,  seventh,  and  eighth  vertebrne  ;  the  apex  is  directed  downward,  forward, 
and  to  the  left,  and  corresponds  to  the  space  between  the  cartilage  of  the  fifth 
and  sixth  ribs,  three-rpiurters  of  an  inch  to  the  inner  aide  and  an  inch  and  a 
half  below  the  left  nipple.  The  heurt  is  plueed  behind  the  lower  two-thirds  of 
the  sternum,  and  projects  farther  into  the  left  than  into  the  right  cavity  of  the 
chest,  extending  from  the  median  line  about  tliree  inches  in  the  former  direction, 
and  only  one  and  a  lialf  in  the  latter.  The  atiterior  surface  of  the  heart  is  round 
and  convex,  directed  upward  and  forward,  and  formed  chiefly  by  the  right  ven- 
tricle and  part  of  the  left.  Its  posterior  siirface  is  flattened  and  rests  upon  the 
Diaphragm,  and  is  formed  chiefly  by  the  left  ventricle.  The  right  border  is  long^ 
thin,  and  sharp ;  the  left  border  short,  but  thick  and  round. 


THE  HEART. 
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Siz©.^ — The  heart  in  the  adult  measures  five  inches  in  length,  three  inches  and 
a  half  in  breadth  in  the  broadest  part,  and  two  inches  and  a  half  in  thickness. 
The  prevalent  weight,  in  the  male,  varies  from  ten  to  twelve  ounces  ;  in  the  female, 
from  eight  to  t^n  :  its  proportions  to  the  body  being  as  1  to  169  in  males,  1  to 
149  in  females.  The  heart  continues  increasing  in  weight,  and  also  iu  length, 
breadth,  and  thickness,  up  to  an  advanced  period  of  life :  this  increase  is  more 
marked  in  men  than  in  women. 

Component  Parts, — The  heart  is  subdivided  by  a  longitudinal  muscular  septum 
into  two  lateral  halves,  which  are  named  respectively,  from  their  position,  right 
and  left;  and  a  transverse  constriction  subdivides  each  half  of  the  organ  into  two 
cavities,  the  upper  cavity  on  each  side  being  called  the  auriele,  the  lower  the  ven- 
trich.     The  right  is  the  venous  side  of  the  heart,  receiving  into  its  auricle  the 


Sriiite  padded  through 
Rfffht  Auricuto-  Ventricular  opening. 

710.  695.— The  right  auricle  &nd  ventricle  l&ld  open,  the  anterior  walb  of  both  being  lemoyed. 

dark  venous  blood  from  the  entire  body,  by  the  superior  and  inferior  vena  cava 
anil  coronary  sinus.  From  the  right  auricle  the  blood  passes  into  the  right 
ventricle,  niid  from  the  right  ventricle,  throrigh  the  pulmonary  artery,  into  the 
lungs.  The  blood,  arterialiKed  by  its  passage  through  the  lungs,  is  returned  to 
the  left  side  of  the  heart  by  the  pulmonary  veins,  which  open  into  the  left  auricle  ; 
from  the  left  auricle  the  blood  passes  into  the  left  ventricle,  and  from  the  left 
ventricle  is  distributed,  by  the  aorta  and  its  subdivisions,  through  the  entire  body. 
This  constitutes  the  circuhition  of  the  blood  in  the  adult. 

The  great  transverse  groove  separates  the  auricles  from  the  ventricles,  and  is 
called  the  aurkuh-reutrieular  groove.  It  is  deficient,  in  front,  from  being  crossed 
by  the  root  of  the  pulmonary  artery.  The  two  ventricles  are  also  separated  from 
each  other  on  the  surface  by  two  longitudinal  furrows,  the  inter fentnvular  grooves^ 
which  are  situated  one  on  the  anterior,  the  other  on  the  posterior  surface;  these  ex- 
tend from  the  base  of  the  ventricle  to  a  little  to  the  right  of  the  apex  of  the  organ, 
where  they  are  continuous,  the  former  being  situated  nearer  to  the  left  border  of 
the  heart,  and  the  latter  to  the  right.  It  follows,  therefore,  that  the  right  ventricle 
forms  the  greater  portion  of  the  anterior  surface  of  the  heart,  and  the  left  ventricle 
more  of  its  posterior  surface,  while  the  apex  is  made  up  entirely  of  the  left  ventri- 
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cle.     The  grooves  cootain  the  coronary  arteries,  cardiac  veins,  lymphatics,  nerves, 
and  fat,  all  covered  by  the  visceral  layer  of  the  serous  pericardiuiw. 
Each  of  these  cavities  should  now  be  separately  examined. 

To  examine  the  interior  of  the  right  auricle,  an  incisiort  should  be  made  along  its  right  bor- 
der from  the  ejitnioce  of  the  superior  vena  cava  to  that  of  the  intenor.  A  s^econd  cut  is  to  lie 
mmle  from  the  centre  of  this  first  incision  to  the  tip  of  the  auricular  appendix,  and  the  flai« 
raiBecL 

The  Eight  Auricle  is  a  little  larger  than  the  left,  its  walls  somewhat    thinner_ 
measuring  about  one  line,  and  its  cavity  is  capable  of  containingahout  two  ounces. 
It  consists  of  two  parts^ — a  principal  cavity,  or  stmts  venosiis  or  atrium,  and  an 
appendix  auriculce. 

The  ,nmt9  is  the  large  quadrangular  cavity  placed  between  the  two  venae  cavse  ; 
its  walls  are  extremely  thin ;  it  is  connected  below  with  the  right  ventricle,  and 
internally  with  the  left  auricle,  being  free  io  the  rest  uf  its  extent. 

The  appendix  aurleul(f\  so  called  from  its  fancied  resemblance  to  a  dog's  ear, 
is  a  small  conical  muscular  pouch  the  margins  of  which  present  a  dentated  edge* 
It  projects  from  the  sintia  forward  antl  to  the  left  side,  overlapping  the  root  of  the 
aorta. 

The  internal  surface  uf  the  right  auricle  is  smooth,  except  in  the  appendix  and 
adjacent  part  of  the  anterior  or  right  wall  of  the  sinus  venosus,  where  it  is  thrown 
into  parallel  riilges  (musculi pectiHati). 

It  presents  the  following  parts  for  examination; 


Openings 


Superior  cava. 
Inferior  cava. 


( Eustachian. 


,,  .  Valves-  ^ 

Coronary  smus.  (  Coronary, 

P'oramina  Thehesii. 

Auriculo- ventricular. 

Relics  of  feetal  f  Annulus  ovalis, 

structure        (  Fossa  ovalis. 

Musculi  i>ectinali, 

Tuberculum  Loweri, 

The  aupprhr  vena  cava  returns  the  blood  from  the  upper  half  of  the  bodv,  and 
opens  into  the  upper  and  back  part  of  the  auricle,  the  direction  of  its  orifice  bein<^ 
downward  and  forward. 

The  itfferior  vena  cava,  larger  than  the  superior,  returns  the  blood  from  the 
lower  half  of  the  body,  and  ojiens  into  the  lowest  |mrt  of  the  auricle  near  the 
septum,  the  direction  of  its  oriiiee  being  upward  and  inward.  The  direction  of 
a  current  of  blood  through  the  superior  vena  cava  would  consequently  be  toward 
the  auriculo-ventncular  orifice,  whilst  the  direction  of  the  blood  through  the 
inferior  cava  would  be  toward  the  auricular  septum.  This  is  the  normal  direction 
of  the  two  currents  in  tVetal  life. 

The  tuhereuhim  Lniceri  is  a  small  projection  on  the  right  wall  of  the  auricle, 
between  the  two  ven^e  cavue.  It  is  most  distinct  in  the  hearts  of  ipiadrupeds  ;  in 
man  it  is  scarcely  visible.  It  wai^  supposed  by  Lower  to  direct  the  blood  from  the 
superior  cava  toward  the  auriculo-ventricular  opening. 

The  eoronan/  sinua  opens  into  the  auricle,  between  the  inferior  vena  cava  and 
the  auinculo-ventricular  opening.  It  retnrns  the  blood  from  the  substance 
of  the  heart,  and  is  protected  hy  a  semicircular  fold  of  the  lining  membrane 
of  the  auricle^  the  eoronari/  valve  (valve  of  Tliehesius).  The  sinus,  before  enter- 
ing the  auricle,  is  considerably  dilated — nearly  to  the  size  of  the  end  of  the  little 
linger.  Its  wall  is  partly  niuscnlar,  and  at  its  junction  with  the  great  coronary 
vein  is  somewhat  constricted  and  furnished  with  a  valve  consisting  of  two  unequal 
segments. 

The  foramini  Thebemi  are  numerous  minute  apertures,  the  months  of  small 
veins  (vemF  cordis  minimw)^  w^bich  open  on  various  parts  of  the  inner  surface  of 
the  auricle.     They  return  the  blood  directly  from  the  muscular  substance  of  the 
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heart.  Some  of  these  foramina  are  minute  depressions  in  the  walls  of  the  heart, 
presenting  a  closed  extremity. 

The  auriculo'Ventrieular  opening  is  the  large  oval  aperture  of  communication 
between  the  auricle  and  the  ventricle,  to  be  presently  described. 

The  Eustachian  valve  is  situated  between  the  anterior  margin  of  the  inferior 
vena  cava  and  the  auriculo-ventricular  orifice.  It  is  semilunar  in  form,  its  convex 
margin  being  attached  to  the  wall  of  the  vein ;  its  concave  margin,  which  is  free, 
terminating  in  two  cornua,  of  which  the  left  is  attached  to  the  anterior  edge  of 
the  annulus  ovalis,  the  right  being  lost  on  the  wall  of  the  auricle.  The  valve  is 
formed  by  a  duplicature  of  the  lining  membrane  of  the  auricle  containing  a  few 
muscular  fibres. 

In  the  foetus  this  valve  is  of  large  size,  and  serves  to  direct  the  blood  from  the 
inferior  vena  cava,  through  the  foramen  ovale,  into  the  left  auricle. 

In  the  adult  it  is  occasionally  persistent,  and  may  assist  in  preventing  the 
reflux  of  blood  into  the  inferior  vena  cava ;  morie  commonly  it  is  small,  and  its 
free  margin  presents  a  cribriform  or  filamentous  appearance ;  occasionally  it  is 
altogether  wanting. 

The  coronary  valve  (valve  of  Thebesius)  is  a  semicircular  fold  of  the  lining 
membrane  of  the  auricle,  protecting  the  orifice  of  the  coronary  sinus.  It  prevents 
the  regurgitation  of  blood  into  the  sinus  during  the  contraction  of  the  auricle. 
This  valve  is  occasionally  double. 

The  fossa  ovalis  is  an  oval  depression  corresponding  to  the  situation  of  the 
foramen  ovale  in  the  foetus.  It  is  situated  at  the  lower  part  of  the  septum  auricu- 
larum,  above  and  to  the  left  of  the  orifice  of  the  inferior  vena  cava. 

The  annulus  ovalis  is  the  prominent  oval  margin  of  the  foramen  ovale.  It  is 
most  distinct  above  and  at  the  sides ;  below,  it  is  deficient.  A  small  slit-like 
valvular  opening  is  occasionally  found,  at  the  upper  margin  of  the  fossa  ovalis, 
which  leads  upward  beneath  the  annulus  into  the  left  auricle,  and  is  the  remains 
of  the  aperture  between  the  two  auricles  in  the  foetus. 

The  musculi  pectinati  are  small,  prominent  muscular  columns  which  run  across 
the  inner  surface  of  the  appendix  auriculae  and  adjoining  portion  of  the  wall  of  the 
sinus.  Posteriorly,  they  join  a  vertical  ridge,  the  crista  terminalis  of  His.  They 
are  called  pectinati  from  their  fancied  resemblance  to  the  teeth  of  a  comb. 

The  Bight  Ventricle  is  triangular  in  fonn,  and  extends  from  the  right  auricle 
to  near  the  apex  of  the  heart.  Its  anterior  or  upper  surface  is  rounded  and 
convex,  and  forms  the  larger  part  of  the  front  of  the  heart.  Its  under  surface  is 
flattened,  rests  upon  the  Diaphragm,  and  forms  only  a  small  part  of  the  back  of 
the  heart.  Its  posterior  wall  is  formed  by  the  partition  between  the  two 
ventricles,  the  septum  ventriculorum^  the  surface  of  which  is  convex  and  bulges 
into  the  cavity  of  the  right  ventricle.  Its  upper  and  left  angle  is  prolonged 
into  a  conical  pouch,  the  infundibulum  or  conus  arteriosus^  from  which  the  pul- 
monary artery  arises.  The  walls  of  the  right  ventricle  are  thinner  than  those 
of  the  left,  the  proportion  between  them  being  as  1  to  3.  The  wall  is  thickest 
at  the  base,  and  gradually  becomes  thinner  toward  the  apex.  The  cavity,  which 
equals  that  of  the  left  ventricle,  is  capable  of  containing  about  three  fluidounces.^ 

To  examine  the  interior  of  the  right  ventricle,  an  incision  should  be  made  a  little  to  the 
right  of  the  anterior  interventricular  groove  from  the  pulmonary  artery  to  the  apex  of  the 
heart,  and  should  be  carried  up  from  thence  a  little  to  the  right  of  the  posterior  interventricular 
groove,  as  fur  as  the  auriculo-ventricular  opening. 

The  following  parts  present  themselves  for  examination : 

^       .  f  Auriculo-ventricular. 

\  Opening  of  the  pulmonary  artery. 
Valves       /  Tricuspid. 

\  Semilunar. 

^  Morrant  Baker  says  that  "  taking  the  means  of  various  estimates,  it  may  be  inferred  that  each 
ventricle  is  able  to  contain  four  to  six  ounces  of  blood  "  (Kirke's  Physiology^  10th  edition,  p.  156). 
69 
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And  a  mtiscular  and  tendinous  apparatus  connected  with  the  tricuspid  valve: 
Cohminiie  carnese.  Chordae  tendineae. 

The  aitrk^uhj-rtnifrkular  orifice  is  the  large  oval  aperture  of  communication 
between  the  auricle  and  ventriele.  It  is  situated  at  the  base  of  the  ventricle,  near 
the  right  border  of  the  heart.  The  opening  is  about  an  inch  in  diameter,*  oval 
from  side  to  side,  surrounded  by  a  fibrous  ring,  covered  by  the  lining  membrane 
of  the  heart,  and  rather  larger  than  the  corresponding  aperture  on  the  left  side-  It 
is  guarded  by  the  tricuspid  valve. 

The  opening  of  the  pulmonary  arteri/  is  circular  in  form,  and  situat^^d  at  the 
suniinit  of  the  conns  arteriosus,  close  to  the  septum  ventriculorum.  It  is  placed  on 
the  left  side  of  the  auriculo- ventricular  opening,  upon  the  anterior  aspect  of  the 
heart,  and,  when  viewed  from  above,  on  eross-aection,  the  aortie  opening  is  seen 
intervening.     Its  orifice  is  guarded  by  the  pulmonary  semilunar  valves. 

The  tricuspid  vahe  consists  of  three  segments  of  a  tri lingular  or  trapezoidal 
shape,  formed  by  a  duplicature  of  the  lining  membrane  of  the  heart,  reflected  on 
both  sides  of  a  layer  of  fibrous  tissue,  which  contains,  according  to  Kurschner  and 
Senac,  muscular  fibres.    These  segments  are  connected  by  their  bases  to  the  auricnlo- 
ventricular  orifice,  and  to  one  another,  so  as  to  form  a  continuous  annular  membrane 
which  is  attached  round  the  margin  of  tbe  auriculo- ventricular  opening,  their  free 
margins  and  ventricular  surfaces  affoniing  attachment  to  a  number  of  delicate  ten-| 
dinous  cords,  the  fhonJa*  tendifiefp.     The  largest  and  most  moval>le  segment,  placedl 
toward  the  left  and  anterior  side  of  the  auriculo- ventricular  opening,  is  directed 
downward  between  that  opening  and  the  infundihulum  (left  or  infundihular  flap). 
Another  segment  corresponds  to  the  front  and  right  of  the  ventricle  (right  ff^ip)^ 
and  a  third  to  its  posterior  wall  { />(>s^'r/<yr  or  septal  flap).     The  central  part  of  each. 
segment  is  thick  and  strong;    the  lateral  margins  are  thin  antl  indented.      The' 
ehordiv  tenditivtv  are  connected  with  the  segment^s  of  the  vnlve  in  the  following 
manner:    1.  Three  or  four  reach   the  attached  margin  of  each  segment,  where 
they  are   continuous  with    the   auriculo-ventricular   tendinous   ring.     2.    Others, 
four  to  six  in  number,  are  attached  to  the  central  thickened  part  of  each  segment, 
3.   The  most  numerous  and  finest  are  connected  with  the  marginal  portion  of  each 
segment 

The  colnmniP  tyjrnetv  are  muscular  columns  which  project  from  the  inner  sur- 
face, excepting  near  the  opening  of  the  pulmonary  artery,  where  the  wall  becomes 
smooth.  They  may  be  classified  into  three  sets :  The  first  merely  form  prominent 
ridges;  the  second  set  (trahecuhi')  are  attached  by  their  two  extremities  only; 
whilst  the  third  set  {nniseuii  papiUareH)  are  attached  by  one  extremity  to  the  wall 
of  the  heart,  the  opposite  extremity  giving  attachment  to  the  ehordw  tendineit* 
There  ure  two  pa]>illary  muscles,  anterior  and  posterior.  The  ehord^r  tefidinet^  of 
the  firmer  go  to  the  left  and  right  segments.  Those  of  tlie  latter,  which  is  often 
replaced  by  two  or  three  smaller  ones,  pass  to  the  right  an*l  septal  segment.s.  There 
is  still  another  set  of  chordae  which  arise  directly  from  the  septum  ami  pass  to  the 
septal  and  left  segments. 

The  semilunar  vahcs,  three  in  number,^  guard  the  orifice  of  the  |>iilmonarv 
artery.  They  consist  of  three  semicircular  folds,  two  anterior  (ritrht  and  left)  and 
one  posterior,  formed  by  a  fibrous  membrane,  covered  above  by  the  inner  cuat  of 
the  artery  and  below  by  a  reflection  of  the  endocardium.     They  are  attached  by 

'  In  the  Pnffuiiat^imi  Tinn^aethns^  vol.  vl  ]i.  119,  Dr.  PeatTick  has  given  some  careful  re^^aiixJies 
upon  (lie  weight  arn)  dimensions  of  the  heart  in  beJilth  and  diseii**©.      lie  stattt*,  iis  the  result  of  his 
inve^ligiitioixH,  that  in  ihe  he.'iUhy  adult  heiirl  ihe  right  aiirieulo-ventrit'iddr  at^wMiure  has  n  mcAii  cir* 
cuinfereiit'e  of  5-1.4  lines,  or  4??  inehes  ;  the  left  ayriculo-venlriciihir  .ipertiire,  a  numn  circiiniferetK^J 
of  44  3  lines,  or  'Mj  inches;   the  pnlnionic  oriHce,  of  40  lin<*s,  or  3},}  inches;  and  the  atirtic  orittee^l 
of  3-'».-'i  liiiex,  or  3^j  inches;    hut  the  dimensions  of  the  orilioeH  vuried  greatly  in  dittbrent  ms* 
the  iiuncnlo-ventricidar  aperture  having  a  range  of  from  4')  to  60  lines,  amJ  the  others  in  the  sati 
profMirtion. 

-  The  pulmonary  semilunar  valves  have  lieen  found  lo  he  two  in  numl>erp  instead  of  three  ^Dr* 
id,  of  St.  Panl,  \\Iinn  ,  in  the  y»irth'Wfstt'ni  MtfL  ami  Surtf^  Jmir,,  July,  1873),  and 
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their  convex  margins  to  the  wall  of  the  artery  at  it«  junction  with  the  yentricle,  the 

straight  border  being  free,  and  directed  somewhat  upward  in  the  hinien  of  the 
vessel.  The  free  margin  of  each  is  somewhat  thicker  than  the  rest  of  the  valve, 
is  strengthened  by  a  bundle  of  tendinous  fibres,  and  presents  at  its  middle  a  small 
projecting  thickened  nodule  called  corptts  ArfintJi,^  From  this  nodule  tendinous 
fibres  radiate  through  the  valve  to  its  attached  margin,  and  these  fibres  form  a  con- 
fltituent  part  of  its  substance  throughout  its  whole  extent,  excepting  two  narrow 
lunated  portions  (iuniihff)  placed  on  each  side  of  the  nodule  immediately  behinfl 
the  free  margin  ;  here  the  valve  is  thin  and  formed  merely  by  the  lining  membrane. 
During  the  passage  of  the  blood  along  the  pulmonary  arterj^  these  valves  are  pressed 
against  the  sides  of  the  cylinder  and  the  course  of  the  blood  along  the  tube  is  unin- 
terrupted :  but  during  the  ventricular  diastole,  when  the  current  of  blood  along  the 
pulmonary  artery  is  checked  and  partly  thrown  back  by  its  elastic  walls,  these  vsdves 
become  immediately  expanded  and  effectually  close  the  entrance  of  the  tube.  When 
the  valves  are  closed  the  lunated  portions  of  each  are  brought  into  contact  with  one 
another  by  their  opposed  surfaces,  the  three  corpora  Arantii  filling  up  the  small 
triangular  space  that  would  be  otherwise  left  by  the  approximation  of  the  three 
semilunar  valves. 

Between  the  semilunar  valves  and  the  commencement  of  the  pulmonary  artery 
are  three  pouches  or  dilatations,  one  behind  each  valve.  These  are  the  pulmonary 
sinuses  (smuaes  of  Vahaha),  Similar  sinuses  exist  between  the  semilunar  valves 
and  the  commencement  of  the  aorta  ;  they  are  larger  than  the  pulmonary  sinuses. 
The  blood,  in  it**  regurgitation  toward  the  heart,  finds  its  way  into  these  sinuses, 
and  so  shuts  dow^e  the  valve-flaps. 

la  order  to  examine  the  interif^r  of  the  \e\\  auricle,  make  an  iiieision  «»n  the  posterior  surface 
of  the  aurii'lt!  from  the  pulmonary  veins  on  one  mh  to  thoi*e  on  the  otlier.  the  incision  l)einitr 
carried  a  little  way  into  tlie  vessels.  JIake  another  incigion  from  the  niidtlle  of  the  horizontal 
one  to  the  appendix. 

The  Left  Auricle  is  rather  smaller  than  the  right;  its  walls  thicker,  measuring 
about  one  line  and  a  half;  it  consists,  like  the  right,  of  two  parts,  a  principal  cavity, 
atriujn  or  sittus  and  an  tippt'ttdix  aur(<:uhr. 

The  situi^  is  cuhoidal  in  form,  and  concealed  in  front  by  the  pulmonary  artery 
and  aorta ;  internally,  it  is  separated  from  the  right  auricle  by  the  septum  auricu- 
larum  ;  behind,  it  receives  on  each  side  two  pulmonary  veins,  being  free  in  the  rest 
of  its  extent. 

The  appetidir  anrieulm  is  somewhat  constricted  at  its  junction  with  the  auricle; 
it  is  longer,  narrower,  and  more  curved  than  that  of  the  right  side,  and  its  margins 
are  more  deeply  indented,  presenting  a  kind  of  foliated  appearance.  Its  direction 
is  forward  and  toward  the  right  side,  overlapping  the  root  of  the  pulmonary  artery. 

AVithin  the  auricle  the  following  parts  present  tliemselves  for  examination: 

The  openings  of  the  four  puhnonary  veins, 
Auriculo-ventricular  ojiening. 
Miisculi  pectinati. 

Th<&  pulmojiar^  vein^,  four  in  number,  open,  two  into  the  right,  and  two  into 
the  left  side  of  the  auricle.  The  two  left  veins  frequently  terminate  by  a  common 
opening.     They  are  not  provided  with  valves. 

The  aurtfmlo'VtHtrleular  opemmj  is  the  large  oval  aperture  of  communication 
between  the  auricle  and  ventricle.  It  is  rather  smaller  than  the  corresponding 
opening  on  the  opposite  side  (see  note,  page  1090). 

'  In  former  editioiiH,  ;is  welt  nn  in  other  text^imlts  on  finalomy,  the«fe  little  nodules  have  Ijcen 
describe*!  ii*i  fibm-cartilai^ioous  in  ^t^1»ct^re.  At  my  rcHjncHt,  Dr.  Le  ("ronier  Liiiiaibter,  Deinonstnitor 
of  Anatomy  at  St.  Georgia's  Ilotipitol^  has  inveRtignted  this  subject,  and  re|>orts  that  the  *' corpora 
Arantii'"  appear  to  consi^^t  of  hundl^  of  iiiterlaeinfr  eon  net  ti  ve-t  iasiue  libres  with  branched  connective* 
tissne  celli*,  and  «ome  few  elastic  fibres.  Occasionally  a  rounded  eellt  with  indi*itinct  eapBule,  resem- 
bling ae3irli]iige'<'ell  was  seen  ;  hot  there  were  w*l  many  of  them.  At  the  free  edge  of  the  mrpiis  the 
Btrueture  is  denser,  there  being  a  larger  ppofKjrtiDn  «>f  tihren  to  cells  than  in  the  eentral  j»ortton.  He 
thinks  the  structure  of  the  corpus  should  be  put  down  as  fibrous  and  not  libro-eartilaginoufi. 
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The  mudeuli  pectinati  are  fewer  in  number  and  smaller  than  on  the  right  side  ; 

thev  are  confined  to  the  inner  surface  of  the  appendix. 

On  the  inner  surface  of  the  septum  auricularwm  may  be  seen  a  lunated 
impression  buunded  below  by  a  crescentic  ridge  the  ci*ncavity  of  which  is  tamed 
upwards     The  depression  is  just  above  the  fossa  ovalis  in  the  right  auricle* 

Tu  exiunine  the  interior  of  the  lefl  ventricle,  oiake  an  incision  a  little  to  the  left  of  the 
anterior  interventricular  jt^rroove  from  the  base  to  tlie  apex  of  the  heart,  and  cany  it  up  from 
thenee,  si  little  to  the  let^  of  the  posterior  interventrieuLir  groove,  nearly  as  far  as  the  auriculo 
ventrieular  grtjove.  # 

The  Left  Ventricle  is  longer  and  more  conical  in  shape  than  the  right 
ventricle.     It  forms  a  small  part  of  the  left  side  of  the  anterior  surface  of  the 
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Fto>  096  — TIjp  lo{l  auricle  ftiifl  ventricle  laid  open,  th©  poiteHor  wulU  of  both  being  femoved. 

heart,  and  a  considerable  part  of  its  posterior  surface.     It  also  forms  the  apex  of 
fixe  heart  by  ity  projection  beyond  the  right  ventricle,     ItBwalb  aremueh  thicker  J 
than  those  of  the  riorbt  side,  the  proportion  being  as  3  to  1.     They  are  also  thickestj 
in  the  btxmdest  jiart  of  the  ventricle,  becoming  gradually  thinner  toward  the  baseyl 
and  also  toward  the  apex,  which  is  the  thinnest  part. 

The  following  parts  present  themselves  for  examination  within  the  ventricle: 

^.       .        f  A uriculo- ventricular.  ^r  ,        f  Mitral. 

Openings-    .       .  Valves*.  ^      -i  „  . 

^        ^    y  Aortic.  [  Semilunar. 

ChordsD  tendinese.  Columnse  carnete. 

The  flurieuhi-f'entn'mfiir  opfuinf;  is  jdaced  below  and  to  the  left  of  the  aortic J 
orifice.      It  is  a  little  smaller  thiin  the  corresponding  aperture  of  the  opposite  side, 
and.  like  it,  is  broailer  in  the  transverse  than  in  the  jintero-posterior  diameter.      Il 
is  surrounded  by  a  dense  fibrous  ring,  covered  by  the  lining  membrane  of  the 
heart,  and  guarded  by  the  mitral  valves. 

The  ffortie  opening  is  a  circular  «|ierture  in  front  and  to  the  right  side  of  the 
auriculo-ventricular,  from  which  it  is  seimrated  by  one  of  the  segments  of  tb^ 
mitral  valve.     Its  orifice  is  guarded  by  the  semilunar  valves. 
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The  mitral,  or  bicuspid  valve  is  attacbed  to  the  circumference  of  the  atiriculo- 
ventricular  orifice  in  the  same  way  that  the  tricuspid  valve  is  on  the  opposite  side* 
It  is  formed  by  fibrous  merabrant*  covered  on  both  surfaces  by  endocardium,  and 
contains  a  few  muscular  fibres.  It  is  large  in  size,  thicker,  and  altogether  stronger  i 
than  the  tricuspid,  and  consists  of  two  segments  of  unerjual  size.  The  large  seg- 
ment is  placed  in  front  and  to  the  right,  between  the  auriculo-ventricular  and 
aortic  orifices.  Two  smaller  se laments  are  usually  found  at  the  angles  of  junction 
of  the  larger.  Similar  segments  <"ire  less  constantly  found  between  the  main  ones 
of  the  tricuspid  valve.  The  mitral  valve-flaps  are  furnished  with  chorda'  tendineae, 
the  mode  of  attachment  of  which  is  precisely  similar  to  that  of  those  on  the  right  i 
side,  but  they  are  thicker,  stronger,  and  less  numerous. 

The  semihinar  vahes  surround  the  orifice  of  the  aorta  :  two  are  pogterior  (right 
and  left),  and  one  anterior;  they  are  similar  in  structure  and  mode  of  attachment  to 
the  pulmonary  valves.  They  are,  however,  larger,  thicker,  and  stronger,  the  lunuUe 
are  more  distinct,  and  the  corpora  Arantii  larger  and  more  prominent,  Between  each 
valve  and  the  cylinder  of  the  aorta  is  a  deep  depression,  the  Minus  aortiri  (sinuses 
of  Valsalva);  tliey  arc  larger  than  those  of  the  root  of  tlie  pulmonary  artery.  The 
right  corcmary  artery  arises  from  the  anterior ;  the  left  from  the  ieft  posterior. 

The  roiumniP  carnetT  admit  of  a  subdivision  into  three  sets,  like  those  upon  the 
right  side,  but  they  are  smaller,  more  numerous,  and  present  a  tlense  interlace- 
ment, especially  at  the  apex  and  upon  the  posterior  wall.  Those  attached  by  one 
extremity  only,  the  muscidi  papiiiares,  are  two  in  number,  being  connected  one  to 
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Fk,  697.— Section  of  the  heart,  showing  the  iuLcrufikulur  uud  nUvfrventrtculiir  septa.    (GcipentJttur.) 

the  anterior,  the  other  to  the  posterior  wall ;  they  are  of  large  size,  and  terminate 
by  free  rounded  extremities  from  which  the  chorda?  tendineae  arise. 

The  septum  between  the  two  ventricles  is  thick,  especially  below  (Fig.  697) 
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At  its  upper  part  it  suddenly  tapers  off  antl  loses  its  muscular  fibres,  consisting 
only  of  fibrous  tissue  covered  by  two  layers  of  endocardium,  and  on  the  right  side 
it  is  also,  during  diiistole,  in  contact  with  the  septid  fiap  of  the  tricuspid  valve.  It 
continues  upwsird,  and  forms  the  septum  between  tlie  at>rtic  vestibule  iind  the  right 
auricle.  It  is  derived  from  tiie  lower  part  uf  the  aortic  septuin  of  the  foetus^  and 
an  abnornial  connnunicatioa  may  exist  at  this  part  owing  to  defective  development. 
The  aortic  veMibiik  (Sibson)  is  a  small  portion  of  the  ventricular  cavity  immedi- 
ately under  the  root  of  the  aorta. 

The  Endocardmm  is  a  thin  membrane  which  lines  the  internal  surface  of  the 
heart ;  it  assists  in  tVu-ming  ibe  valves  by  its  leduplicatioos.  and  is  continuous  wi»b 
the  lining  membrane  <>f  the  great  blood-vossels.  It  is  a  smooth,  transparent 
membrane,  giving  to  the  inner  snrtiice  of  the  heart  its  glistening  appearance.  It 
is  more  opaij^ue  on  the  left  than  on  the  right  side  of  the  heart,  thicker  in  the 
auricles  than  in  the  ventricles,  and  thickest  in  the  left  auricle.  It  is  thin  on  I  he 
musculi  j)eetinati  and  on  the  column t^  carneie,  but  thicker  on  the  smooth  [>art  of 
the  auricular  afnl  ventricular  walls  and  on   the  tips  of  the  uniseuli   papillares* 

Structure. — The  heart  consists  of  muscular  fibres  and  of  hbrous  rin«2;s  Mhich 
serve   for  their  attachment. 

^^hQ  jihrounringB^wYVimnA  the  auricnlo- ventricular  and  arterial  orifices  ;  they  are 
stronger  upon  the  left  than  ow  the  right  side  of  the  heart.  The  auriculo-veutricular 
rings  serve  for  the  attachment  of  the  muscular  fibres  of  the  auricles  and  ventricles, 
and  also  for  the  mitral  and  tricu8|>id  valves;  the  ring  on  the  left  side  is  closely 
connected  by  its  right  margin  with  the  aortic  arterial  ring.  Between  these  and 
the  right  auriculo-ventriciilar  ring  is  u  mass  of  fibrous  tissue,  and  in  some  of  the 
larger  animals,  as  the  ox  and  ele|>hant.  a  nodule  of  bone. 

The  fibrous  rings  surrounding  the  arterial  orifices  serve  for  the  attachment  of 
the  great  vessels  and  semilnnar  valves.  Each  ring  receives,  by  its  ventricular 
margin,  the  attachment  of  the  muscular  fibres  of  the  ventricles  ;  its  opposite  margin 
presents  three  deep  semicircular  notches,  within  which  ihe  middle  coat  of  the 
artery  (which  presents  three  convex  semicircular  segments)  is  firmly  fixed,  the 
attachment  of  the  artery  to  its  fibrous  ring  being  strengthened  by  the  thin  cellular 
coat  and  serous  membrane  externally  and  by  ihe  endocardium  within.  It  i& 
opposite  the  margins  of  these  semirircular  notches,  in  the  arterial  rings,  that  the 
endocardium  by  its  reduplication,  fiuius  the  semilunar  valves,  the  fibrous  structure 
of  the  ring  being  continued  into  each  of  the  segments  of  the  valve  at  this 
The  middle  coat  of  the  artery  in  this  situation  is  thin,  and  the  sides  of  the  v 
are  dilated  to  form  the  sinuses  of  Valsalva, 

The  museular  struetun'  of  the  heart  (jtitjocaniiitm)  consists  of  hands  of  fibres 
which  present  an  exceedingly  intricate  interlacement.  They  are  of  a  deep  re<l 
color  and  mnrked  with   transverse  stri«^  (page  05). 

The  muscular  fibres  of  the  heart  admit  of  a  subdivision  into  two  kinds,  those  of  the 
auricles  and  those  of  the  ventricles,  which  are  ijuite  independent  of  one  another. 

Eibres  of  the  Aurieles, — These  are  disposed  in  two  layers — -a  superficial  layer 
common  to  both  cavities,  and  a  deep  layer  proper  to  each.  The  t^itperfieial JibreM 
are  more  distinct  on  the  anterior  surface  of  the  auricles,  across  the  bases  of  which 
they  run  in  a  transverse  direction,  forming  a  thin,  but  incomplete  layer.  Some  of 
these  fibres  pass  into  the  septum  auricularum.  The  intrrnal  or  deep  fibres  proper 
to  each  auricle  consist  of  two  sets,  looped  and  annular  fibres.  The  looped  fibres 
pass  upward  over  each  auricle,  being  attached  by  two  extremities  to  the  corre- 
sjKmding  auriculo-ventricular  rings  in  front  and  behind,  The  annular  fihreg 
surround  the  whole  extent  of  the  apj>endiees  auricularum,  and  are  continued  upon 
the  waifs  of  the  vente  cavte  and  coromiry  sinus  on  the  right  side,  and  upon  the 
pulmonary  veins  on  the  left  side,  at  their  connection  with  the  heart,  lu  the 
appendices  they  interlace  with   the  longitudinal  fibres. 

Fibres  of  the  Ventriele^. — These  are  arranged  in  nn  exceedingly  complex  man* 
ner,  and  the  accounts  given  by  various  anatomists  differ  considerably.  This  is  prob- 
ably due  partly  to  the  fact  that  the  various  layers  of  muscular  fibres  of  which  the 
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heart  is  said  to  be  composed  are  not  independent,  but  tbeir  fibres  are  interlaced 

to  a  considerable  extent,  and  therefore  any  separation  into  layers  must  be  to 
a  great  extent  artificial ;  and  also  no  doubt  partly  due  to  the  fact,  pointed  out  by 
lienle,  that  there  are  varieties  in  the  arrangement  due  to  individual  differences, 
If  the  epieanUum  (visceral  layer  of  pericardium)  and  the  subjacent  fat  is  removed 
from  a  heart  which  has  been  subjected  to  prolonged  boiling,  so  as  to  dissolve  the 
connective  tissues,  the  superficial  fibres  of  the  ventndes  will  be  exposed.  They 
will  be  seen  to  commence  at  the  base  of  the  heart,  where  they  are  attached  to 
the  tendinouH  rings  annmd  the  orifices,  and  to  pass  obli^^uely  downward  toward 
the  apex,  with  a  direction  from  right  to  left.  At  the  apex  the  fibres  turn  suddenly  in- 
ward, forming  what  is  calle*!  the  vortex^  into  the  interior  of  the  k*ft  ventricle.  On 
the  back  of  the  heart  it  will  be  seen  that  the  fibres  pass  continuously  from  one 
ventricle  to  the  other  over  the  interventricular  groove  ;  and  the  same  thing  will  be 
noticed  on  the  front  of  the  heart  at  the  upper  and  hiwer  end  of  the  anterior 
interventricular  groove,  but  in  the  middle  portion  of  this  groove  the  fibres  passing 
from  one  ventricle  to  the  other  are  interrupted  by  fibres  emerging  from  the  septum 
ahmg  the  groove  ;  many  of  the  superficial  fibres  pass  in  also  at  this  groove  to  the 
septum.  The  vortex  is  produced*  as  stated  above,  by  the  sudden  turning  inward 
of  the  superficial  fibres  in  a  peculiar  spiral  manner  into  the  interior  of  the  left 
ventricle.  Those  fibres  which  descended  on  the  posterior  surface  of  the  heart 
enter,  at  the  vortex,  the  left  ventricle,  and,  ascending,  form  part  of  the  in  tier  layer 
of  muscular  fibres  litiing  this  cavity  and  tlie  riglit  (posterior)  musculus  papillaris; 
those  fibres  wfiich  descend  on  the  front  of  the  heart,  and  wliich  pass  to  the  apex, 
also  pass,  at  the  vortex,  into  the  interior  of  the  ventricle,  where  they  also  form  the 
remainder  of  the  innermost  layer  of  the  ventricle  and  the  left  (anterior)  musculus 
papillaris.  The  fibres  forming  the  inner  layer  of  the  wall  of  the  ventt*icle  ascend 
to  be  attached  to  the  fibrous  rings  an  mud  the  orifices. 

By  dissection  these  superficial  fibres  may  be  removed  as  a  thin  sti^atum,  and  it 
will  then  be  found  that  the  ventricles  are  made  up  of  ublitjue  fibres  superimposed  in 
layei'soneon  the  top  of  another,  and  assuming  gradually  a  less  obliijue  direction  aa 
they  pass  to  the  middle  uf  the  thickness  nf  the  ventricular  wall,  so  that  in  the  centre 
of  the  wall  the  fibres  are  titans  verse.  Internal  to  this  central  transverse  layer  the 
fibres  become  ohlif|ue  again,  but  in  the  opposite  direction  to  the  external  ones.  This 
division  into  distinct  layers  is,  however,  to  a  great  extent  artificial,  as  the  fibtTS 
pass  aci*oss  from  \me  layer  to  another,  and  have  therefot*e  to  be  divided  in  the 
dissection,  and  the  change  in  the  direction  of  the  fibres  is  very  gradual.  These 
oblique  fibres  commence  above  at  the  fibrous  rings  at  the  base  of  the  heart,  and, 
descending  toward  the  apex,  they  enter  the  sejitum  near  its  lower  end.  In  the 
septum  the  fibres  which  farm  the  left  ventricle  may  he  traced  in  three  directions: 
1,  Some  pass  upward  to  be  attached  to  the  central  fibro-cartilage.  i.  Others 
pass  through  the  septum  to  hec<une  crmtinuotis  with  the  fibres  of  the  right  ventricle. 
3.  The  renuiinder  pass  through  the  septum  to  encircle  the  ventricle  as  annular 
fibres.  Of  the  fibt^es  of  the  right  ventricle,  some  on  entering  the  septum  pass 
upward  to  he  attached  to  the  central  fibiTi-cartilage ;  some,  entering  the  sejitnm 
from  behind,  pass  forward  to  become  continuous  with  the  fibi^es  on  the  anterior 
surface  of  the  left  ventricle  ;  and  others,  entering  in  front,  pass  backward  to  join 
the  fibres  on  the  posterior  wall  of  the  left  ventricle.  The  septum  therefore  consists 
of  three  varieties  of  fibres — viz.  annular  fibres,  special  to  the  left  ventricle  ; 
ascending  fibres,  derived  from  both  ventricles  and  ascending  through  the  septum 
to  the  centi*al  fibi*o-cartilage  ;  and  decussating  fibres,  derived  from  the  anterior  wall 
of  one  ventricle  and  jiassing  to  the  posterior  wall  of  the  other  venti^cle,  or  from 
the  posterior  wall  of  the  right  ventricle  and  passing  to  the  anterior  wall  of  the  left. 
In  addition  to  these  fibres  there  at*e  a  considerable  number  which  appear  to 
encircle  both  ventricles  and  which  pass  across  the  septum  without  turning  into  it. 

Vessels  and  Nerves. — The  arterus  supplying  the  heart  are  the  left  or  anterior 
and  right  or  posterior  coronary  (page  542). 

The  vein»  accompany  the  arteries,  and  terminate  in  the  right  auricle.     They  are 
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the  great,  the  middle,  anterior,  and  posterior,  cardiac  veins,  the  right  or  small  and  the 
left  or  great  coronary  sinuses,  and  the  vena?  cordis  minirafe  {vena-  Thebeaii)  (p.  677). 

The  hjmphafks  terminate  in  the  thoracic  and  right  lymphatic  ducts. 

The  nerves  are  derived  froRi  the  cardiac  plexuses,  which  are  formed  partly  from 
the  cranial  nerves  and  jmrtly  from  the  sympathetic.  They  are  freely  distributed 
both  on  the  surface  and  in  the  substance  of  the  heart,  the  separate  filaments  being 
furnished  with  small  ganglia. 

Surface  Form.— In  order  to  show  the  extent  of  the  heart  in  relation  to  the  front  of  the 
chest,  draw  ii  line  \miu  the  lovn^r  boriier  of  tht!  secimd  left  t'lM^tal  cnriilatre,  mie  inch  from  the 
stenium,  to  the  upper  liurder  of  the  third  riiflir  costal  cartilage,  half  an  inch  tVoin  the  stemum. 
This  represetils  tlie  base-line  or  iipuwr  lirnii  of  the  organ.  Tiike  a  point  an  inch  and  u  half 
below  and  thn^e-*jnarterH  of  an  inch  mternal  to  the  kit  niivjtlc — that  ii^,  fdMnU  tlireo  and  a  half 
inches  tn  the  left  of  the  median  Yum  of  the  iHnty,  This  ri'prrjit'nts  the  apex  of  the  liejirt. 
Draw  a  line  from  this  apex-point,  with  a  (sh^ht  eonvexity  downward,  to  the  juni^tion  of  the 
seventh  nirht  eostrd  eurtilai;e  to  the  siernum.  This  renre.sents  the  lower  limit  of  llie  heurt. 
Join  tiie  ri.uht  exireniily  <*t'  the  first  line— that  is,  the  ta.se-line— with  the  right  uxt remit v  of 
this  line — that  is,  to  the  seventh  right  rhondro-sternal  joint — with  a  slight  enrve  uuiwani,  so 
that  it  projetMs  abont  an  inch  and  a  half  from  the  middle  line  of  the  sternum.  Lastly,  juin  tbo 
left  extremity  of  the  base  line  and  the  u|»ex-point  by  a  line  enrved  sli^liily  io  the  left. 

The  position  nf  the  various  oriliees  IS  as  follows:  vix.  the  pnhiiunary  oriKee  is  situated  in 
the  upper  angle  fJ^rmetl  by  the  artieulation  of  the  tliini  left  eo^tal  eartilaiie  with  tlit*  Memutu  ; 
the  aortic  orifiee  in  a  little  below  and  internal  to  thi^ii,  behind  the  left  U^rder  of  the  sterDum. 
close  to  the  artienktion  of  the  thmi  left  wstal  eartihiL^?  to  this  bone.  The  left  an rtcuJo- ventric- 
ular opening  is  behind  the  sternum,  rather  to  (he  left  (if  the  median  line,  and  oppi>site  the 
fourth  costal  cartilages.  The  right  *iurienlo'Ventrieular  opening  is  a  hide  lower,  opix»site  the 
fourth  intei'spaee  and  in  the  middle  line  of  tlie  body, 

A  portion  of  the  urea  of  the  heart  thus  niaiiped  out  is  uneovered  by  lung,  and  therefore 
gives  a  dull  note  on  perenssion  ;  tlie  remainder,  beitig  ovcrUpped  by  the  lung,  gives  a  uiore  or 
leas  resiinant  note.  The  lonner  is  known  as  the  areti  of  suiwrfieial  eardijii'  didness;  tlie  latter 
as  the  area  of  ilecp  carilisie  dulnes.H,  The  areti  of  snperlicial  eardiju^  dnlue.ss  is  included  betvrc^eii 
a  line  dniwn  from  the  eentre  of  the  sternnm,  luHween  the  fourth  eo.stid  eartibges,  fo  the  n\\cx 
of  the  heart  and  a  line  drawn  trom  the  wune  point  down  the  lower  third  (»f  the  ntiddle  line  of 
the  BternnnL  lielow;  this  area  merges  int*»  the  cfnlness  whieb  etirrt'snonds  to  the  liver  Dr. 
Latliiim  bys  <lown  the  following  rule  as  a  sutheient  practical  guide  Ibr  the  definition  «>f  the  f>i>r- 
tion  of  the  heart  whirh  is  nneovered  by  lung  f*r  pleura:  ''  I^fiike  a  eirele  of  two  inebes  in  diam- 
eter roinid  a  point  midway  between  the  nipple  and  the  end  of  the  sternum,  '  that  is,  the  gUdiulu 

Peculiarities  in  the  Vasctilar  System  of  the  Fcetus. 

The  chief  peculiarities  in  the  heart  of -the  foetus  are  the  direct  communication 
between  the  two  auricles  through  the  foramen  ovale  and  the  large  size  of  the 
Eustachian  valve-  There  are  also  several  minor  peculiarities.  Thiis,  the  positioD 
of  the  heart  is  vertical  until  the  fourth  months  when  it  commences  to  assume  an 
obli([iie  direction.  Its  size  is  also  very  considerahle  as  compared  with  the  body,  the 
proportioD  at  the  second  month  being  1  to  50;  at  birth  it  is  as  1  to  120;  whilst 
in  the  adult  the  average  is  about  1  to  160.  At  an  early  period  of  f»etal  life  the 
auricular  portion  of  tlie  heart  is  larger  than  the  ventricular,  the  right  auriclo  Ueiti^ 
more  capacious  thiin  the  left ;  hut  toward  birth  the  ventricular  portion  becomes 
the  larger.  The  thickness  of  both  ventricles  is  at  first  about  efjual,  bin  toward 
birth  the  left  becomes  much  the  thicker  of  the  two. 

^\ie  foramen  ovale  is  situated  at  the  lower  and  back  part  of  the  septum  auricu- 
larum,  forming  a  communication  between  the  auricles.  It  remains  as  a  free  »>val 
opening  from  the  time  of  the  formation  of  the  auricular  sejitnm  (about  the  eigiith 
week)  until  the  middle  period  of  fiiital  life.  About  this  period  a  fold  grows  up 
from  the  posterior  wall  of  the  auricle  to  the  left  of  the  foramen  ovale,  and  advances 
over  the  opening  so  as  to  fcjrm  a  sort  of  valve,  which  allows  the  blood  to  pass  onit 
from  the  right  to  the  left  auricle,  and  not  in  the  opposite  direction. 

The  Euntfxehian  valve  is  developed  fiYun  the  anterior  border  of  the  inferior  vena 
cava  at  its  entrance  into  the  auricle.  It  js  directed  uyiward  on  the  left  side  of  the 
opening  of  this  vein,  and  serves  to  direct  the  blood  from  the  inferior  vena  cava 
through  the  foramen  ovale  into  the  left  auricle. 

The  peculiarities  in  the  arterial  system  of  the  foetus  are  the  cominiinication 
between  the  pulmonary  artery  and  the  descending  aorta  by  means  of  the  duetut 
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artenmuB^  and  the  communication  between  the  internal  iliac  arteries  and  the 
placenta  by  means  of  the  umhilical  arteries. 

The  didiuM  arteriomis  is  a  short  lube,  ab^ut  half  an  inch  in  length  at  birth,  and 
of  the  diameter  of  agooserjuilL  In  the  early  condition  it  forms  the  continuation  of 
the  pulmonary  artery,  and  opens  into  the  desceadhig  aorta  just  hclow  the  origin 
of  the  left  subclavian  artery,  and  so  conducts  the  chief  part  of  the  blood  from  the 
right  ventricle  into  this  vessel.  W^hen  the  branches  of  the  pulmonary  artery  have 
become  larger  relatively  to  the  ductus  arteriusus,  the  latter  is  chiedv  connected 
to  the  left  pulmonary  artery ;  and  the  fihrous  cord,  which  is  all  that  remains 
of  the  ductus  arteriosus  in  later  life,  will  be  found  to  be  attached  to  the  rout  of 
that  vos.4el. 

The  umbtlfCiil  or  h/poq/jHtrie  artenes  arise  from  the  internal  iliacs.  in  addition 
to  the  branches  given  off  from  those  vessels  in  the  adult.  Ascending  along  the 
sides  of  the  bladder  to  its  fundus,  they  pass  out  of  the  abdomen  at  the  umbilicus, 
and  are  continued  along  the  umbilical  cord  to  the  placenta,  coiling  round  the 
nmbilical  vein.  They  return  to  the  placenta  the  blood  which  has  circulated  in 
the  system  of  the  foetus. 

The  peculiarity  in  the  venous  system  of  the  foetus  is  the  communication  ©stab- 
lished  between  the  placenta  and  the  liver  and  portal  vein  through  the  umbilical 
vein^  and  the  inferior  vena  cava  through  the  ductus  venosus, 

FlKTAL    ClKCirLATtON. 

The  blood  destined  for  the  nutrition  of  the  f<:Ktu8  is  carried  from  the  placenta 
to  the  foetus,  along  the  umbilical  cord,  by  the  umhilical  vein.  The  umbilical  vein 
enters  the  abdomen  at  the  umbilicus,  and  passes  upward  along  the  free  margin 
of  the  suspensory  ligament  of  the  liver  to  the  under  surface  of  that  organ,  where 
it  gives  off  two  or  three  branches  to  the  left  lobe,  one  of  which  is  of  large  siKe,  and 
others  to  the  lobus  <|uadratus  and  lobulus  Spigelii.  At  the  transverse  fissure  it 
divide.**  into  two  branches :  of  these,  the  larger  is  joined  by  the  portal  vein  and 
enters  the  right  lobe  ;  the  smaller  branch  continues  onward,  under  the  name  of 
the  ductus  venosus,  an<l  jruns  the  left  hepatic  vein  at  the  point  of  junction  of  that 
vessel  with  the  inferior  vena  cava.  The  blood,  therefore,  which  traverses  the 
umbilical  vein  reaches  the  inferior  vena  cava  in  three  different  wnys:  the  greater 
quantity  circulates  through  the  liver  with  the  portal  venous  blood  before  entering 
the  %'ena  cava  by  the  hepatic  veins;  some  enters  the  liver  directly,  and  is  also 
returned  to  the  inferior  cava  by  the  hepatic  veins;  the  smaller  quantity  passes 
directly  into  the  vena  cava  by  the  junction  of  the  ductus  venosus  with  the  left 
hepatic  vein. 

In  the  inferior  cava  the  hlootl  carried  by  the  ductus  venosus  and  hepatic  veins 
becomes  mixed  with  that  returning  from  the  lower  extremities  and  wall  of  the 
abdomen.  It  enters  the  right  auricle,  and^  guided  by  the  Eustachian  valve,  passes 
through  the  foramen  ovale  into  the  left  auricle,  where  it  l>ccomes  mixed  with  a 
small  (juantity  of  blood  returned  from  the  lungs  by  the  pulmonary  veins.  From 
the  left  auricle  it  ]ja8scs  into  the  left  ventricle,  and  from  the  left  ventricle  into 
the  aorta,  by  means  of  which  it  is  distributed  almost  entirely  to  the  head  and 
upper  extremities,  a  small  ijuantity  being  probably  carried  into  the  descending 
aorta.  From  the  head  and  upper  extremities  the  blood  is  returned  by  the  branches 
of  the  superior  vena  cava  to  the  right  auricle,  where  it  becomes  mixed  with  a  small 
portion  of  the  blood  from  the  inferior  cava.  From  the  right  auricle  it  descends 
over  the  Eustachian  valve  into  the  right'  ventricle,  and  from  the  right  ventricle 
passes  into  the  pulmonary  artery.  The  lungs  of  the  ftetus  being  solid  and  almost 
impervious,  only  a  small  quantity  of  the  blood  of  the  pulmonary  artery  is  distrib- 
uted to  them  by  the  right  and  left  pidmonary  arteries,  and  is  returned  by  the 
pulmonary  veins  to  the  left  auricle ;  the  greater  part  passes  through  the  ductus 
arteriosus  into  the  commencement  of  the  descending  aorta,  where  it  becomes  mixed 
with  a  small  quantity  of  blood  transmitted  by  the  left  ventricle  into  the  aorta. 


Fjr,.  69^.— Pl«n  i-d  the^  tivin]  I'iritiliUioii,    In  this  plan  ihi*  Hffiire*!  arrowi  rewesent  the  kind  of  blood  i 

wtU  *i*  the  dlr^i  tloii  which  It  tiikeh  in  thu  vessels.  Thua,  iirle rial  blood  ia  figured!  i>— — > ;  Tenoui  blocM 

^^—  ' > :  mixed  (iirttrial  tiiid  venous)  blotHJ,  ^"^ 

organ,  I'eceiving  the  venous  blood  from  the  fetus,  and  returning  it  again   re-oxj 
genated  and  charged  with  additional  nutritive  material 

2.  That  nearly  the  whole  of  t)ie  blood  of  the  umbilical  vein  traveraea  the  Iiv«r~ 
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before  entering  the  inferior  ca\^a ;  hence  the  large  size  of  this  organ,  especially  at 
an  early  period  of  ffietal  life. 

3.  That  the  right  auricle  is  the  point  of  meeting  of  a  double  current,  the 
blocid  in  the  inferior  cava  being  guided  by  the  Eustaclifiui  valve  into  the  left 
auricle,  whikt  that  in  the  superior  cava  descends  into  the  right  ventricle.  At  an 
early  period  of  fcetul  life  it  is  highly  probable  that  the  two  streams  are  quite  dis- 
tinct, for  the  inferior  cava  opens  almost  directly  into  the  left  auricle,  and  the 
Eustachian  valve  would  exclude  the  current  along  the  vein  from  entering  the 
right  ventricle.  At  a  later  period,  as  the  separation  between  the  two  auricles 
becomes  more  distinct,  it  seems  probable  that  some  mixture  of  the  two  i^trcams 
must  take  place. 

4*  The  blood  carried  from  the  placenta  Uy  the  fcetuw  by  the  umbilical  vein, 
mixed  with  the  blood  from  the  inferior  cava,  passes  almost  directly  to  the  arch 
of  the  aorta,  and  is  distributed  by  the  branches  of  that  vessel  to  the  head  and 
upper  extremities;  hence  the  large  size  and  perfect  development  of  those  parts  at 
birth. 

5.  The  blood  contained  in  the  descending  aorta,  chiefly  derived  from  tliat 
which  has  already  circulated  through  the  head  and  upper  limbs,  together  with  a 
small  qitantity  from  the  left  ventricle,  is  distributed  to  the  lower  extremities; 
hence  the  somll  size  and  imperfect  devulopmcnt  of  these  parts  at  birth, 

CnANOEs  :x  THE  Vascular  Sy^sthm  at  Birth, 

At  birth,  when  respiration  is  established,  an  increased  amount  of  bknid 
from  the  |)ulmonary  artery  passes  through  the  lungs,  which  now  perfoim  tbeir 
office  as  respiratory  organs,  and  at  the  same  time  the  placental  circulation 
is  cut  off.  The  foramen  ovale  becomes  gradually  closed  by  about  the  tenth 
day  after  birth ;  the  valvular  fold  above  mentioned  becomes  ailherent  to  the 
margins  of  the  foramen  for  the  greater  part  of  its  circumference,  but  above 
a  slit-like  opening  is  left  between  the  two  auricles  which  sometimes  remains  per- 
sistent 

The  ihtt'tug  arte  rim  ua  begins  to  contract  immediately  after  respiration  is  estab- 
lished* becomes  completely  closed  from  the  fourth  to  the  tenth  day,  and  idtimately 
degenerates  into  an  ira[)erviou8  cord  which  serves  to  connect  the  left  pulmonary 
artery  to  the  descending  aorta. 

t)f  the  umlnlifa!  or  ht/fmijastric  arteries,  the  portion  continued  on  to  the 
bladder  from  the  trunk  of  the  corresponding  internal  iliac  remains  pervious 
as  the  superior  vesical  artery,  and  the  part  between  the  fundus  of  the  bladder 
and  the  umbilicus  becomes  obliterate*!  between  the  second  and  fifth  days  after 
birth,  and  projects  into  the  peritoneal  sac  so  as  to  form  the  two  fossa?  of  the 
peritoneum  spoken  of  in  the  section  on  the  surgical  anatomy  of  direct  inguinal 
hernia. 

The  umhiUeaf  vein  and  duetun  venoaua  become  completely  obliterated  between 
the  second  antl  fifth  djiys  after  birth,  and  ultimately  dwindle  to  fibrous  cords,  the 
former  becoming  the  round  ligament  of  the  liver,  the  latter  the  fibrous  cord,  which 
in  the  adult  may  be  traced  along  the  fissure  of  the  ductus  venosus. 

Measurements  of  tlie  Thorax. 
Perimeters. 

At  the  level  of  the  hiirhest  point  of  the  axilla     .......  .89.52  cm. 

'■        ''  ■*       rriiJple    ..,..,......,.  .    .  86.t>4  em. 

^'        "  **       titJ.rau-xiphoid  iirtieulatioii        .  .    -81.88  cm. 

iJia  meters. 

TiaDSveree,  lj€twei?a  the  eighth  inteRuMa!  spaces  .    >    .  .   .  28     cm. 

Antero-posterior,  at  t fie  k vol  of  f he  ermif*»rm  cartilage  .20     cm. 

Vertical  anterior  w.'ifl   ■    .    > 15.5  cm. 

*'       posterior  wall :^1.5cm. 

(2,54  cm.  =  1  inch.)  iJoeasel) 
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THE    LAEYNX. 

THE  Larynx  is  the  organ  of  voice,  placed  jit  tlie  opper  part  of  the  air-pasenge* 
It  is  situated  between  the  tracheii  and  base  of  the  tongue,  at  the  upper  and 
fore  part  of  the  neck,  where  it  forms  a  considerable  projection  in  the  middle  liue. 
On  either  side  of  it  lie  the  great  vessels  of  the  neck  ;  behind,  it  forms  part  of  the 
anterior  boundary  of  the  pharynx,  and  is  covered  by  the  mucous  membrane  ImiDg 
that  cavity. 

The  larynx  is  broad  above,  where  it  presents  the  form  of  a  triangular 
box,  flattened  behind  and  at  the  sides,  and  bounded  in  front  by  a  prominent 
vertical  ridge.  Below,  it  is  narrow  and  cylindricaL  It  is  composed  of  cartilages 
which  are  connected  together  by  ligaments  and  moved  by  numerous  muscles; 
the  interior  is  lined  by  mucous  membrane  and  supplied  with  vessels  and  nervea. 

The  Cartilages  of  tlie  Lary^ix  are  nine  in  number,  three  single  and  three  pairs: 


Thyroid. 

Cricoid. 

Epiglottis, 


Two  Arytenoid. 

Two  Cornicula  Laryngis. 

T  w  o  C  un  e  i  f or m , 


The  Thjrroid  {tffjfiEo^,  a  shield)  is  the  largest 
cartilage  of  the  larynx.  It  consists  uf  two 
lateral  laraelhe  or  ahe,  united  at  an  acute 
angle  in  front,  forming  a  vertical  projection 
in  the  middle  line  which  is  prominent  aborf 
and  called  the  pomum  Ada  mi.  This  projec- 
tion is  subcutaneous,  more  distinct  in  the  mal<^ 
than  in  the  female,  and  occasionally  separated 
from    the   integument  by  a  bursa    mucosa. 

Each  lamelhi  is  quadrilateral  in  form.  Its 
outer  surf  nee  presents  an  oblique  ridge  Mrhich 
passes  downward  and  forward  from  a  tubercle 
situated  near  the  root  of  the  superior  cornu. 
This  ridge  gives  attachment  to  the  Sterno- 
thyroid and  Thyro-hyoid  muscles,  and  the  pf*T* 
tion  of  cartilage  included  between  it  and  the 
posterior  border,  to  part  of  the  Inferior  con- 
strictor muscle. 

The  inner  surface  of  each  ala  is  smootL, 
slightly  concave,  and  covered  by  mucous  mem- 
brane above  and  behind ;  but  in  front,  in  the 
receding  angle  formed  by  their  junction,  are 
attached  the  epiglottis,  the  true  and  false  vocal 
eric^/dSli^."'*^""'^*^'''"'^'^"'*  cords,   the   Thyro-arytenoid   and    Thyro-epiglot- 

tidean  muscles. 
The  upper  border  of  (he  thyroid  eartihif/e  is  sinuously  curved,  being  concave  at 
its  posterior  part,  just  in  front  of  the  superior  cornu,  and  tlien  rising  into  a  convex 
outline,  which  dips,  in  front,  to  form  the  sides  of  a  notch  or  ineisura  in  the  middle 
line  immediately  above  the  pomum  Adami.  This  border  gives  attachment  through- 
out its  whole  extent  to  the  thyro-hyoid  membrane, 
lion 
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Epiglottis. 


From  above  the  loiver  border  posteriorly,  there  passes  to  the  cricoid  cartilage, 
in  and  on  eiich  side  of  the  mediae  line,  the  crico-thyroid  membraoe,  on  each  side 
of  which  is  the  Crico-thyroid  muscle. 

The  posterior  border»  terminate  above  in  the  mperior  cornua^  and  below  lo  the 
inferior  eornua.  The  two  superior  cornua,  long  and  narrow,  directed  upward^ 
backward,  and  inward,  terminate  each  in  a  conical  extremity  which  gives  attach- 
ment to  the  lateral  thyro-hyoid  lig- 
ament. The  two  inf trior  rornua 
are  short  and  thick ;  they  pass 
downward,  with  a  slight  inclina- 
tion forward  and  mwant,  and  pre- 
sent each  oil  its  inner  surface  a  small 
oval  articular  fsuret  for  articulation 
with  the  side  of  the  cricoid  carti- 
lage. On  the  posterior  border  are 
insertetl  the  Stylo-pbaryngeus  and 
Pjibito-pljaryngcos  muscles, 

Tlie  Cricoid  Cartilage  is  so  called 
from  its  resemblance  to  a  signet- 
ring  (xinxo;.  a  ring).  It  is  smaller, 
but  thicker  and  stronger  than  the 
thyroid  cartilage,  and  forms  the 
lower  part  of  the  cavity  of  the 
larynx. 

Its  anterior  half  {annulufii)  m 
narrow,  convex,  aftbrding  attach- 
ment at  the  sides  to  the  Crico- 
thyroid rauscles,  and  behind  to 
part  of  the  Inferior  constrictor. 

Its  postrrior  haif  {Ifimiftn)  is 
very  broad  both  from  side  to  side 
and  from'  above  downward  ;  il  pre- 
sents posteriorly  in  the  middle  line 
a  vertical  ridge  (h'nra  eminetts)  for 
the  attachment  of  the  longitutUnal 
fibres  of  the  oesophagus,  and  on 
either  side  a  broad  depression  {fo- 
vea) for  the  Crico-arytenoideus  pos- 
ticus muscle. 

At  the  point  of  junction  of  the 
two  halves  of  the  cartilage  on 
either  side  is  a  small  round  ele- 
vated facet  for  articulation  with 
the  inferior  cornu  of  the  thyroid 
cartilage. 

The  lower  border  of  the  erifOid 
eartilafje  is  horizontal  and  connected  to  the  upper  ring  of  the  trachea  by  fibrous 
membrane. 

Its  upper  border  is  directed  obliquely  upward  and  backward,  owing  to  the 
height  of  the  lamina.  The  upper  border  of  the  iamina  is  surmounted  on  each 
end  by  a  smooth,  oval  facet  for  articuhuion  with  the  arytenoitl  cartilage.  Between 
these  articular  surfaces  is  a  slight  notch.  To  the  rest  of  the  upper  border  of  the 
entire  cartilage,  all  the  way  around  from  one  arytenoid  facet  to  the  other,  is 
attached  the  Crico-thyro-arytenoid  ligament,  and  externally  to  this,  at  the  sides, 
the  lateral  Crico-arytenoid  muscle. 

The  inner  surface  of  the  cricoid  cartilage  is  smooth  and  lined  by  mucous 
membrane* 


Intertionc^ 

ORtCO'AVrrTEMOlOEUt^ 
m>ST»CUS  CT  CATERAl,!*. 


Cricoid, 

ArticHlar  facH  for 
arytnwid  cartilage. 

Articular  faefi  for 
if\feriar  cornu  of 
ihynrid  eartHage, 


Thyroid, 


Cuneiform  cartilage. 
Arytenoid, 


Arjfiemmi  cartilage*,  base. 


Fro.  7D0.— The  eartilAges  of  the  In ry  n  % .    Postcrlof  view. 
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The  AjTrteBoid  Cartilages,  so  called  from  dpdvatpa,  a  ladlt%  are  two  in  number, 
and  each  i^  sitiuited  ut  the  end  of  the  upper  border  of  the  laminsi  of  the  cncoid 
cartilage.  Each  eurtiluge  is  pyraioidal  in  form,  aod  presents  for  examination  three 
surfaces,  a  base,  and  an  apex. 

The  po^trrior  surface  is  triangular,  eiuootlij  caueave,  and  gives  attachment  to 
the  Arytenoid  miiscle. 

The  antero-ej'tcrna!  surftice  is  coiwex  and  rough.  It  gives  attachment  to  the 
Thyro-rirjtenoid  muscle ;  and  to  the  false  vocal  cord  immediately  above  a  depres- 
sion, the  fo»sa  tnangulariH^  situated  at  about  its  centre. 

The  internal  iturface  is  narrow,  smooth,  ^ud  flat  ten  eiL  covered  by  mucous  mem< 
brane,  and  lies  almost  in  apposition  with  the  cartilage  of  the  opposite  side. 

The  base  of  each  cartilage  is  broad,  and  [^resents  a  concave  (antero-posteriorly) 
smooth  surface  for  articulation  with  the  cricoid  cartihige-  Projecting  from  the  base 
are  two  processes,  one  postero-extcrnaUif  and  the  other  mtteriorh/.  Between  the  two 
is  the  base  of  the  antero-external  surface.  The  former y  known  as  the  vtuseu- 
lar  procesSj  is  short,  rounded,  and  prominent,  and  receives  the  insertion  of  the 
Posterior  and  Lateral  crico-arytenoid  muscles.  The  latter  also  prominent,  but 
more  pointed  and  flattened,  gives  attachment  to  the  true  vocal  cord.  This  is  the 
vocal  proceifS. 

The  apvx  of  each  cartilage  is  pointed,  curved  backward  and  inward,  and  sur- 
mounted by  a  small,  cone-sluiped,  cartilaginous  nodule,  the  cormcufum   laryn^iM, 

The  comicTila  laryngis  {cartilages  of  tSantoriiu)  are  two  small,  conical  nodulee^ 
consisting  of  yellow  libro-cartilage,  which  are  attached  to  the  summit  of  the  ar?- 
tenoid  cartilages  and  serve  to  prolong  them  backward  and  inward*  To  them  ar« 
attached  the  aryteno-epiglottic  folds.  They  are  sometimes  united  to  the  arytenoid 
cartilages. 

The  cuneiform  cartilages  [cartllaf/es  of  Wrishertj)  are  two  small,  elongated,  car- 
tilaginous bodies,  placed  one  on  each  side  in  the  fold  of  mucous  memhrune,  which 
extends  from  the  apex  of  the  arytenoid  cartilage  to  the  side  of  the  epiglotti8  {arffteno- 
epifjlottic  fold) ;  they  give  rise  to  small  whitish  elevations  on  the  free  edge  of  tlie 
mucous  fold^  just  in  front  of  the  cartihiges  of  Santorini* 

The  epiglottis  is  a  tlun  lamella  of  fibro-cartiluge,  of  a  yellowish  color,  shaped 
like  a  leaf,  and  placed  behind  the  tongue,  in  front  of  the  superior  opening  of  the 
larynx.  During  respiration  its  direction  is  vertically  upward,  its  free  extremitv 
curving  forward  toward  the  base  of  the  tongue;  but  when  the  larynx  is  drawn  up 
beneath  the  base  of  the  tongue  during  deglutition,  it  is  carried  downward  and 
backward  so  as  to  close,  more  or  less  completely,  the  opening  of  the  larvnx.  Its 
free  extremity  ts  broad  and  rounded;  its  attached  end  is  hmg  and  narrow,  and 
connected  to  the  receding  angle  between  the  two  abe  of  the  thyroid  cartilage,  just 
below  the  median  notch,  by  a  ligamentous  band,  the  thiro-epiglottic  Ugament.  It 
is  also  connected  to  the  posterior  surHiee  of  the  body  of  the  liynid  bone  by  an 
elastic  ligamentous  band,  the  hifO'eplffhtftlc  Utjameiit. 

Its  anterior  or  hn<jiujl  t^urface  is  curved  tbi^ard  toward  the  tongue,  and  covered 
at  its  upper  part  by  mucoiis  membrane,  which  is  reflected  on  to  the  sides  and  base 
of  the  organ,  forming  a  median  and  two  lateral  folds,  xIvq  glomO'epiglottic  foldn, 

Ii»  posterior  or  laripujea!  xurfaec  is  smooth,  concave  from  side  to  side,  concavo- 
convex  from  above  downward,  and  covered  by  mucous  membrane;  when  this  is 
removed  the  surface  of  the  eartilnge  is  seen  to  be  studded  with  a  number  of  Utile 
pits  for  the  lodgment  of  mucous  glands.  To  its  sides  the  aryteno-epiglottic  fold? 
are  attachcih  It  is  somewhat  prominent  just  below  its  centre  {ttibercle  or  cuskiam 
of  the  epiglottis). 

Structure. — The  cornicula  laryngis,  cuneiform  cartilages,  and  epiglottis  are  com- 
posed of  yellow  fibro-cartiiage  which  shows  little  tcmdency  to  calcification*  but  the 
other  cartilages  are  hyaline,  becoming  more  or  less  calctfieil  in  <dd  age. 

Ligaments* — -The  ligaments  of  the  larynx  connect  the  thyroid  cartilage  aod 
epiglottis  with  the  hyoid  bone,  the  cricoid  cartilage  with  the  trachea»  and  the 
several  cartilages  of  the  larynx  to  each  other. 
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The  Thyro-liyoid  Ligaments. — These  constitute  the  thyro-hyoid  membrane^  and 

the  middU  and  two  lateral  thyro-h^oid  liyamentu* 

The  tntddk  tkyro-hyoid  ityattient  consists  of  tough,  yellowish  fibroelastic  tissue. 
Its  lower  border  is  attached  in  the  thyroid  notch  ;  its  upper  to  the  upper  border  of 
the  posterior  surface  of  the  body  of  the  hyoid  bone,  thus  passing  behind  its  pos- 
terior surface,  and  being  separated  from  it  by  a  vsynovial  bursa  {nub-ftyoid  buma). 
When  the  thyro-hyoid  membrane  is  removed,  the  lateral  borders  of  this  ligament 
are  seen  to  be  free. 

The  two  lateral  thyro-hyoid  ligamenttf  are  rounded  elastic  cords,  which  pass 
between  the  superior  cornua  of  the  thyroid  cartilage  and  the  extremities  of  the 
greater  cornua  of  the  hyoid  bone,  A  small  cartilaginous  nodule  {cartihtyo  tnticea)^ 
sometimes  bony,  is  frequently  found  in  each. 

The  thyro-hyoid  memhrane  fills  in  the  interval  between  each  lateral  thyro- 
hyoid ligament  and  the  free  edge  of  the  middle  one.  In  this  situation  it  la  made 
up  of  two  layers,  cellular  tissue  externally  and  mucous  membrane  internally  and, 
just  in  front  of  the  lateral  ligament,  its  cellular  layer  is  pierced  by  the  superior 
laryngeal  vessels  and  nerve.  The  ceUular  layer  is  attached  all  the  way  around, 
above  to  the  cornua  and  body  of  the  hyoid  bone,  and  below  to  the  entire  upper 
border,  inciaura  as  wxdl,  of  the  thyroid  cartilage.  It  thus  passes  in  front  of  the 
middle  thyro-hyoid  ligament,  and  here  forms  the  anterior  wall  of  the  sub-hyoid 
bursa.  At  the  free  e<lge  of  the  inid*!le  ligament  the  mucous  membrane  passes 
behinil  the  epiglottis;  at  the  lateral  ligament  it  is  reflected  on  to  the  posterior 
wall  of  the  pharynx. 

The  hyo- epiglottic  ligament  is  a  fibrous  band,  which  extends  from  the  anterior 
surface  of  the  epiglottis  to  the  upper  border  of  the  body  of  the  hyoid  bone.  The 
thj^o-epiglottic  ligament  connects  the  apex  of  the  epiglottis  with  the  receding  angle 
of  the  thyroid  cartilage  just  beneath  the  metlian  notch. 

The  Crico-thyro-arytenoid  Ligament. — This  is  a  strong  fibrous  lamina,  bent  on 
itself  anteriorly.  Its  attachments  are  as  follows :  (1)  Posteriorly,  it  is  attached  to  the 
voeal  process  of  one  arytenoid  cartilage,  whence  it  extends  as  a  free  edye  in  a  prac- 
tically straight  line,  forward  and  a  little  inward,  to  the  posterior  aspect  of  the  angle 
between  the  aht*  of  the  thyroid  cartilage.  Here  it  bends  on  itself  at  an  acute 
angle,  is  attached  to  the  thyroid,  and  pfisses  backward  and  a  little  outward,  as  a 
second  free  edye^  to  be  attached  to  the  vocal  process  of  the  other  arytenoid  carti- 
lage. (2)  From  these  two  free  edges,  as  an  upper  limit,  the  lamina  passes  down- 
ward, with  an  outward  slope,  to  the  curved  sloping  upper  border  of  the  cricoid 
cartilage  which  lies  anterior  to  the  lawina  of  the  same,  and  becomes  attached  to  it 
in  its  entire  extent.  The  ligament,  sis  a  whole,  is  thus  seen  to  be  V-shaped  above, 
apex  forward,  but  of  a  curved  outline  below.  Furthermore,  its  vertical  diameter 
varies,  being  smallest  behind  and  greatest  in  front  at  the  middle  line,  this  variation 
being  due  to  the  upper  border  of  the  cricoid,  which  slopes  upward  posteriorly  until 
it  almost  reaches  the  vocal  process  of  the  arytenoid. 

In  the  middle  line  the  anyle  which  is  formed  in  front  by  the  bending  on  itself 
of  this  lijTjiment  is  acute  above,  but  obtuse  or  ''  rounded  '  below.  The  upper  part 
of  this  *' angle"  lies  behind  and  attaehed  to  the  angle  of  tlie  thyroiil  cartilage,  its 
upper  limit  (V.  e.  the  angle  of  the  free  edges)  being  at  some  distance  (almost  half- 
way  up)  from  the  lower  edge  of  the  cartilage.  The  lower  or  ^^  rounded  ''  part  is 
tfie  direct  continuation  downward  of  the  upper,  and  parses  to  the  middle  of  the 
upper  border  of  the  cricoid.  This  last  is  known  as  the  erieo-thyroid  membrane,  is 
subcutaneous,  and  is  crossed  by  a  small  anastomotic  arterial  arch  from  the  two 
cri CO- thyroid  arteries. 

Laterally,  there  is  a  considerable  interval  between  the  outer  surface  of  this  liga- 
ment and  the  inner  surface  of  the  corresponding  half  of  the  thyroid  cartilage,  which 
is  filled  in  by  tJie  Thyro-arytenoid  and  Lateral  crico-arjtenoid  muscles. 

The  upper  free  edyes  of  this  ligament  are  thicker  than  the  remainder,  and  are 
known  as  the  i?iferior  thyro-arytenoid  ligaments.  When  covered  with  mucous  mem- 
brane they  constitute  the  true  vocal  cords.     The  inner  surfaces  of  the  crico-thyro- 


11U4 


THE    ORGANS   OF  VOICE   AND    RESPIRATION 


arytenoid  ligament  are  covered  by  mucous  membrane  prolonged  from  that  of  the 
true  cords,  and  are  tlie  lateral  boundaries  of  this  portion  of  the  cavity  of  the  larynx. 
Tte  Orico-tliyroid  Ligamenta. — These  are  eapmdar  iu/mtwitts  which  enclose  on 
each  side  the  articulation  of  the  inferior  cornu  of  the  thyroid  with  the  cricoid 
cartilage.  The  articulation  is  lined  by  synovial  membrane,  and  streno;thened  by 
accessory  (kerato-crieoid)  ligaments  which  pass  from  the  tip  of  the  cornu  in  various 
directions  to  the  cricoid. 

The  crico-arytenoid  ligaments  are  two  fapauhir  and  two  posterior.  The  <*flrf>- 
»uhir  are  thin  and  loose  capsules  attached  to  the  margins  of  the  articular  surfaces; 
they  are  lined  internally  by  synovial  membrane.  The  posterior  extend  from  the 
cricoid  to  the  inner  and  hack  part  of  the  base  of  the  arytenoid  cartilage. 

The  crico-tracheal  ligament  connects  the  cricoifl  cartilage  with  the  fii'st  ring  of 
the  tmchea.  It  resembles  the  fibrous  membrane,  which  connects  the  rings  of  the 
trachea  to  each  other. 

Interior  of  the  Larynx. — The  superior  aperture  of  the  larifnx  (Fig.  701)  is 
a  cordilbrm  opening,  wide  in  front,  narrow^  behind,  and  sloping  oblic|uely  downward 
and  backward.  It  is  bounded  in  front  by  the  epiglottis,  behind  by  the  intt^r-ar^' 
tenoidfold  of  mucous  membnine  passing  between  the  arytenoid  cartilages,  and  lat- 
erally, by  a  fohl  of  mucous  membrane  enclosing  areolar  tissue  iind  muscular  fibres, 
stretclied  between  the  sides  of  the  epiglottis  and  the  apex  of  the  arytenoid  carti- 
lages :  these  are  the  an/teno-eptf/Iottie  fohh^  on  the  margins  of  which  the  cuneiform 
cartilages  and  cornicuhi  form  more  or  less  distinct  whitish  prominences. 

The  eamt^^  of  the  lari^iix  extends  from  the  superior  aperture  to  the  lower 
border  of  the  cricoid  cartilage.  It  is  divided  into  two  parts  by  the  projection 
inward  of  the  true  vocal  cords  ;  between  the  two  cords  is  a  long  and  narrow  trian* 
gular  fissure  or  chink,  tbc  glottin,  of  which  the  boundary  is  the  rlwa  (/lottidis.  The 
portion  of  the  cavity  of  the  larynx  above  the  true  vocal  cords  is  broad*  and  contains 
the  false  vocal  cords,  between  each  of  which  and  the  corresponding  true  vocal  cord 
is  the  corresponding  t'entricle  of  the  larynx.  The  portion  bck»w^  the  true  Tocal 
cords  is  at  first  elliptical,  and  lower  down  circular,  in  form. 

The  tjluttis  is  the  narrow  fissure  or  chink  between  the  inferior  or  true  vocal 
cords  in  front  (inter-ligamentous  portion),  and  tlie  vocal  processes  of  the  arytenoid 

cartilages  behind  (inter cartilag- 
inous portion).  It  Is  the  nar- 
rowest part  of  the  cavity  of  the 
larynx.  Its  length  in  the  male 
measures  ratlier  less  than  an 
inch,  its  breadth  when  dilated 
^  i^^ME«««^i^^^™-^ir^:^^       w    \^         varying  at  its  widest  part  from 

'tSKoc    -^ji^^^hBAJ^^I^^"  '  f      4I      ^  \      «i  third  to  half  an   inch.     The 

form  of  the  glottis  varies.  In 
its  balf-closcd  condition  it  ig  a 
narrow  fissure,  a  Httle  enlarged 
and  rounded  behind.  In  cjuiet 
breathing  it  is  somewhat  trian- 
gular, the  base  of  the  triangle 
directed  backward,  and  corre- 
sponding to  the  space  between 
the  arytenoid  cartilages.  When 
widely  open  it  is  lozenge -shaped. 
In  forcible  expiration  it  ia 
smaller  than  during  inspiration. 
When  sound  is  produced  it  i* 
more  narrowed,  the  edges  of  the  vocal  cords  being  approximated  and  made  parallel^ 
the  approximation  and  tension  corresponding  to  the  height  of  the  note  produce*!' 

M)ti  the  shnpe  of  the  rima  glottkliH  in  t lie  various  conditions  of  breathing  a.nd  speakingf  ttf 
Czermak^  On  the.  Laryngoncopt^  translated  tbr  the  New  Sifd^nham  Society, 


Pm.  TOl.— The  Iwynjt  aod  adjacent  parte,  seen  from  atwve. 
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The  Buperior  or  fahe  vocal  cardst  so  called  because  they  are  not  directly 
concerned  in  the  production  of  the  voice,  are  two  folds  of  mucous  membrane, 
each  enclosing  a  delicate  rouncleJ  band^  the  ^uperhr  tkyro-arytefioid  Itt^amcnt, 
This  ligiiment  consists  of  areolar  ti^sue^  attached  in  front  to  the  angle  of  the  thy- 
roid  cartilage  helow  the  epiglottis,  and  behind  to  the  aotero-external  surface  of  the 
arytenoid  cartilage,  just  above  the  ibssa  triangularis.  This  ligament,  enclosed  in 
miicuus  membrane,  forms  a  free  margiu,  which  constitutes  the  upper  boundary  of 
the  corresponding  ventricle  of  the  larynx. 

The  inftnor  or  true  vocal  cords^  so  calied  from  tiieir  being  concerned  in  the 
production  of  sound,  are  two  strong  fibrous  bands  {inferior  t/ti/ro-an/tenoid  liga* 
ments),  covered  on  their  surface  by  a  thin  layer  of  mucous  membrane.  These 
ligaments  have  already  been  described.  Each  forma  the  lower  boundary  of  the 
corresponding  ventricle  of  the  larynx.  Externally,  the  Thyro-arytenoideus  (inner 
portion)  muscle  lies  parallel  with  it. 

The  ventricle  of  the  Imyrtj:  is  an  oblong  fossa  situated  between  the  superior 
and  inferior  vocal  cords  on  each  side,  and  extending  nearly  their  entire  length. 
This  fossa  is  hounded  above  by  the  free  crescentric  edge  of  the  superior  vocal 
cord,  below  by  the  straight  margin  of 
the  true  vocal  cord,  externally  by  the 
mucous  membrane  covering  the  inner 
surface  of  the  correspontling  Thyro-ary- 
tenoideus  muscle  (outer  portion).  The 
anterior  part  of  the  ventricle  leads  up 
by  a  narrow  opening  into  a  ca>cal  pouch 
of  mucous  membrane  of  variable  size 
called  the  larf/ni^eal  pouch. 

The  sacculus  iari/ngiSj  or  laryngeal 
pouch,  is  a  membranous  sac  placed 
between  the  superior  vocal  cord  and 
the  inner  surface  of  the  thyroid  carti- 
lage, occasionally  extending  as  far  as 
its  upper  border ;  it  is  conical  in  form, 
and  curved  slightly  backward.  On  the 
surface  of  its  mucous  membrane  are  the 
openings  of  sixty  or  seventy  small  fol- 
licular glands  which  are  lodged  in  the 
submucous  areolar  tissue.  This  sac  is 
enclosed  in  a  fibrous  capsule  continuous 
below  with  the  superior  thy  rotary  tenoid 
ligament ;  its  laryngeal  surface  is  cov- 
ered by  muscular  fibres  derived  from 
from  those  found  in  the  aryteno-epiglot- 
tic  fold  (Aryteno-epiglottideus  inferior 
muscle,  Compremor  sacculi  Iftrf/fhfis, 
Hilton),  whilst  its  exterior  is  covered  by  the  Thyro-ai*ytenoideus  and  Thyro-epi- 
glottideus  muscles. 

Muscles. — The  muscles  of  the  larynx  are  eight  in  number,  and  are  as  follows: 

The  Cricoid'thyroid  is  triangular  in  form,  and  situated  at  the  fore  part  and  side 
of  the  cricoid  cartilage.  It  arises  from  the  front  and  lateral  part  of  the  cricoid 
cartilage  ;  its  fibres  diverge,  passing  obliquely  upward  and  outward  to  be  inserted 
into  the  lower  border  of  the  thyroid  cartilage  and  into  the  anterior  border  of  the 
lower  cornua. 

The  inner  borders  of  these  two  muscles  are  separated  in  the  middle  line  by  a 
triangular  interval  occupied  by  the  crico- thy  roid  membrane. 

The  Orko-ari/tenoidem  poRtiens  arises  from  the  broad  depression  occupying 
each  lateral  half  of  the  posterior  surface  of  the  lamina  of  the  cricoid  cartilage;  its 
fibres  pass  upward  and  outward,  converging  to  be  inserted  into  the  muscular  pro- 
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Fig.  702.— VertlcAl  eectlon  of  the  Urynx  and  upper 
ptkix  of  the  tmchea. 
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ce^s  of  the  base  of  the  arytenoitl  cartilage.    The  upper  fibres  are  nearly  horizon tal, 
the  middle  oblique,  and  the  lower  alraost  vertical,* 

The  Crico-art^fenoideus  hjUndis  is  suialler  than  the  preceding,  and  of  an 
oblong  form.  It  arises  from  the  upper  bonier  of  the  side  of  the  cricoid  cartilage, 
and,  pa^^sing  obliquely  tipwtinl  and  backward,  in  inserted  into  the  muscular  process 
of  the  base  of  the  arytenoid  cartilage  in  front  of  the  preceding  muscle. 

The  An/tenoidi'm  is  a  single  muscle  filling  up  the  posterior  concave  surfece 
of  the  arytenoid  cartilages.     It  arises  from  the  posterior  surface  and  outer  border 

of  one  arytenoid  cartilage,  and  is  in- 
serted into  the  corresponding  parts  of 
the  opposite  cartilage.  It  consists  of 
three  planes  of  fibres,  two  oblique  and 
one  transverse.  The  oblique  fibre%^ 
the  most  superficial,  form  two  fascicoli, 
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Fia.  7^3.— Musoloa  <if  Iflrynx. 
of  thyroid  curtilugu  rtmovod. 
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Fig.  701 —Interior  of  the  larynx, 
above.    (Eulnrged.) 
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which  pass  from  the  base  of  one  cartilage  to  the  apex  of  the  opposite  one.  "^^^S^^H 
trariBvenie  fibnws^  the  deepest  and  most  numerous,  puss  transversely  across  betwed^^| 
the  two  cartilages;  hence  the  Arytenoideus  was  formerly  considered  a^  several  mus- 
cles, un<ler  the  nuiDC  of  tranHversi  and  obiitfuL  A  few  of  the  oblirjue  fibres  are 
usually  continued  round  the  outer  margin  of  the  cartilage,  and  blend  with  the 
Thyro-arytenoid  or  the  Aryteno-epiglottideiis  superior  muscle.^ 

The  Tht/ro-an/teftokhuis  is  a  broad,  flat  muscle,  which  lies  parallel  with  the  outer 
side  of  the  true  vocal  cord.  It  arises  in  front  from  the  lower  half  of  the  recediog 
angle  of  the  thyroid  cartilage  and  from  the  crieo-thyroid  membrane.  Its  fibres 
pass  backward  and  outward,  to  be  inserted  into  the  arytenoid  cartilaj^e.  This 
muscle  consists  of  two  fasciculi*  The  mner  nortiott,  the  thicker,  is  inserted  into 
the  vocal  process  of  the  base  of  the  arytenoid  cartilage  and  into  the  adjacent  por- 

^  Dr.  Merkel  of  Eeips^ic  has  described  a  tinmcidar  Klip  which  occfiBicumlly  extends  tietwc^en  I  he 
outer  border  of  the  fK)«iteri«r  8iirf«et5  of  the  eriw»id  cartihi^re  mid  ihe  posterior  margin  of  ihe  inferior 
conin  of  the  thyroid;  this   he  oiUs  ihe  ^'Miiaculus   kenuo-crieoideus-"     It  is  not  found  in  t-vtr, 
]nTynx,  and  when  pres*ent  exitw  iittytiliy  only  on  one  side,  but  is  occasionally  found  mi  both  »id* 
Sir  William  Turner  iE<}iuhnrfjk  Mtdiml  Jimrnttf,  Feh,,  18B0^  stales  that  it  is  found  in  almut  oti^  cm 
in  tive.     llH  aotiou  is  to  lix  the  lower  hom  of  the  thyroid  cartiiape  backward  nud  downward,  oppit 
ing  in  some  meaHtire  the  part  of  the  Crieo-thyruid  muscle  which  is  connected  to  ihe  anterior  miirgin"^ 
of  the  imrn. 

*  The  arytenoidcuH  rtdtu  iLuschka)  is  a  small  slip  pan^in^  between  the  posterior  surface  of  Uie 
iiryteuoid  cartilage  below  to  the  cartilage  of  Santorlnt  (comiculum)  above.    Anatitmy^  Hyrtl,  p,  718* 
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tion  of  its  antero-external  surface;  it  lies  parallel  with  the  true  vocal  cord,  to 
which  it  is  adherent.  The  outer  or  superior  faseieulus,  the  thinner,  is  inserted 
into  the  muscular  process  and  outer  border  of  the  arytenoid  cartilage  above  the 
preceding  fibres ;  it  lies  on  the  outer  side  of  the  sacculus  laryngis.^ 

The  Thyro-epiglottideus  is  a  delicate  fasciculus  which  arises  from  the  angle  of 
the  thyroid  cartilage,  close  to  the  origin  of  the  Thyro-arytenoid,  and  spreads  out 
upon  the  outer  surface  of  the  eacculus  larjngis ;,  some  of  its  fibres  are  lost  in  the 
aryteno-epiglottic  fold,  whibt  others  pass  to  the  margin  of  the  epiglottis  {Depressor 
epigloUidtsy 

The  Artfteno-epiffloUideus  superior  consists  of  a  few  delicate  fasciculi,  which 
arise  from  the  apex  of  the  arytenoid  cartilage  and  become  lost  in  the  aryteno-epi- 
glottic fold. 

The  Aryteno-eptglottideus  inferior  {Compj'ess&r  saeculi  largmjisy  Hilton),  arisea 
fipom  the  arytenoid  cartilage  just  below  the  preceding  ;  and  passes  forward  and  up- 
ward,  it  spreads  out  upon  the  inner  surface  of  the  laryngeal  pouch.' 

Actions.— In  considering  the  action  of  the  muscles  of  the  larynx,  they  may 
be  convenieDtly  divided  into  two  groups,  viz.  :  1.  Those  which  open  and  close 
the  glottis.     2.  Those  which  regulate  the  degree  of  tension  of  the  vocal  cords. 

1.  Tbe  muscles  which  open  the  glottis  are  the  Crico-arytennidei  postici ;  and 
those  which  close  it  are  the  Arytenoideus  and  the  Crico-arytenoidei  laterales. 
2.  The  muscles  which  regulate  the  tension  of  the  vocal  cords  are  the  Crico- 
thyroidei,  which  tense  and  elongate  them  ;  and  the  Thyro-arytenmdei,  which  relax 
and  shorten  them.  The  Thyro-epiglottideus  is  a  depressor  of  the  epiglottis,  and 
the  Aryteno-epiglottidei  constrict  the  superior  aperture  of  the  larynx,  compress 
the  saeculi  laryngis,  and  empty  them  of  their  contents. 

The  Orico-ari/fenoidei itostjci  Beparate  the  chriixlie  vocales,  and  consequently  open  the  glottis, 
by  rot^itini?  the  arytenoid  cartikges  outward  around  a  vertical  axiE  passing  thruiiyh  the  crieo- 
arj  tejioid  joint»T  so  that  their  anterior  anglep  and  the  ligaments  attaohed  to  them  become  widely 
separated,  the  vocal  cords  at  the  same  time  being  made  tense. 

The  Ortco-ur^tetwidei  laiercihs  cljfie  the  glottis  by  rotating  the  arjienoid  cartilages  inward 
so  as  to  approximate  their  anterior  angles. 

The  An/tenoideits  m  f (self's  approximate  the  arytenoid  cartilages,  and  thus  close  the  opening 
of  the  glottic,  especially  at  its  back  part. 

The  Crim'thi/roul  musehi^  prcKluee  tension  and  elongation  of  the  vocal  cords.  This  is 
effected  as  follows :  the  thymid  t^artilage  is  fixed  by  the  Thyro-hyoid  muscles ;  then  the 
Crieo-thyroid  muscles,  when  ihcy  act,  dmw  upward  the  front  of  the  cricoid  cartilage,  and  m 
depre^sH  the  [TOsterior  portiooT  which  carries  with  it  the  aryteiKJid  cartilages,  and  thus  elongate 
the  voc^d  c.'ords. 

The  T/ii/ro-an/feiwuM  mum^Ie^,  consisting  of  two  parts  having  different  attachments  and 
different  directionst  are  rather  eotnplicatetl  as  regards  their  action.  Their  main  use  is  to  draw 
the  aryten<>i<l  cartilages  furward  toward  the  thyrj>i(h  and  tlms  shorten  and  relax  the  vocal  cords. 
But,  owing  to  the  connection  of  the  inner  portion  with  the  vocal  con:!,  this  part,  if  acting  sep- 
anUcly,  is  supposed  to  ruodtly  its  elasticity  ami  tension,  and  the  outer  portion,  being  inserted 
into  tlie  outer  part  of  the  anterior  surface  of  the  arjtenrHd  cartilage,  may  rotate  it  inward,  and 
thus  narrow  the  rima  glottidis  by  bringing  the  two  cords  together. 

The  7%yr^>-fpi>^/>/if/f/^  r  depres.^  ^^^  the  saecah  larj^ngis. 

The  Aryteno-epiglottideus  superior  constricts  the  superior  aperture  of  the  larj^nx,  wlien  it 
is  drawn  upward,  during  deglutition,  and  the  opening  closed  hy  the  epiglottis.  The  Ar}1:eno- 
epiglottideua  inferior^  tjigether  with  some  fibres  of  the  Thyro-arytenoidei^  compress  the  saeculus 
kryngis* 

The  Mucous  Membrane  of  tbe  Larynx  is  continuous  above  with  that  lining  the 
mouth  and  pharynx,  and  is  piM lunged  through  the  trachea  and  bronchi  into  the 
lungs.  It  lines  the  posterior  and  upper  part  of  the  anterior  surface  of  the  epiglot- 
tis, to  which  it  is  closely  adherent,  and  forms  the  aryteno-epiglottic  folds  which 

*  Ilenle  describes  these  two  porliona  as  separtite  muscles,  atnler  liio  names  of  External  and 
Internal  thyro-aryteoojd. 

*MlISCULCS  TRiTirEo-cjLossUS.  Bochdrtlek,  jnn.  ilYagcr  Vkrtdjfihrsschriftt  2d  part.  186fi), 
describes  a  muscle  hitherto  entirely  overlooked,  except  ahrief  statement  in  Ilenle  s  Amfmny,  whieh 
nrii«€«  from  the  nodule  of  cart i luge  [rorpux  triticeum)  in  the  posterior  ihyro-liymd  hgament,  and  pnsftes 
forwjvrd  and  upwani  to  enter  the  tongue  along  with  the  Hyo-glosaus  rnnstle.  He  riu-l  wjtli  this 
tiiugcle  eight  tim^  in  twenty-two  suhjects.  It  occnrri'd  in  both  sexes,  sometimes  on  both  sidi^,  at  othera 
on  one  onlv* 
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encircle  the  superior  aperture  of  the  larynx.     It  lines  the  whole  of  the  cavity  of 

the  larynx ;  forms,  by  its  reduplication,  the  chief  part  of  the  superior  or  false 
vocal  corti ;  and,  from  the  ventricle,  is  continued  into  the  sacciilus  laryngis.  It 
is  then  reflected  over  the  true  vocal  cords,  where  it  is  thin  and  \crj  intimately 
adherent;  covers  the  inner  surface  of  the  crico-thyroid  membrane  and  cricoid 
cartilage ;  and  is  ultimately  continuous  with  the  lining  membrane  of  the  trachea. 
It  is  covered  with  coluninar  ciliated  epithelium  below  the  superior  voc-al  cord. 
but  above  this  point  the  cilia  are  found  only  in  front,  as  high  as  the  middle 
of  the  epiglottis.  In  the  rest  of  its  extent  the  epithelium  is  of  the  squaniooj 
variety  ;  as  is  also  that  covering  the  true  vocal  cords. 

Olands. — The  mucous  membrane  of  the  larynx  is  furnished  with  numerous 
muciparous  glands,  the  orifices  of  which  are  found  in  nearly  every  jiart;  they 
are  very  numerous  upon  the  epiglottis,  being  lodged  in  little  pits  in  its  substance; 
they  are  also  found  in  large  numbers  along  the  posterior  margin  of  the  aryteno- 
epiglottidean  fold,  in  front  of  the  arytenoid  cartilages,  where  they  are  termed  the 
ajy/tenoid  i/lamh.  They  exist  also  in  large  numbers  upon  the  inner  surface  of  the 
eaccialus  laryngis.     None  are  found  on  the  vocal  cords. 

VesselB  and  Nerves. — The  arteries  of  the  hirt/nx  are  the  laryngeal  hranches 
derived  from  the  superior  and  inferior  thyroid.  The  i^rm* accompany  the  arteries: 
those  accomjjanyiug  the  superior  laryngeal  artery  join  the  superior  thyroid  vein 
which  opens  into  the  internal  jitgidar  vein  ;  while  those  accompanying  the  inferior 
laryngeal  artery  join  the  inferior  thyroid  vein  which  opens  into  the  innominate 
vein.  The  hfmpkafics  tenninate  in  the  deep  cervical  glands.  The  fien^es  are  the 
superior  laryngeal  and  the  inferior  or  recurrent  laryngeol  branches  of  the  pneumo- 
gastric  nerves,  joined  by  filaments  from  the  sympathetic.  The  superior  laryngeal 
nerves  supply  the  mucous  membrane  of  the  larynx  and  the  Crico-thvroid  mnscles*. 
The  inferior  laryngeal  nerves  8up|dy  the  remaining  muscles.  I'^he  Arytengid^ 
muscle  is  supplied  by  both  nerves. 

THE  TRACHEA  (Fig.  705). 

The  Tracliea,  or  Windpipe,  is  a  cartilaginous  and  membranous  cylindrical  tube, 
flattened  posterioriy,  which  extends  from  the  lower  part  of  the  larynx,  on  a  level 
with  the  sixth  cervical  vertebra,  to  opposite  the  fourth,  or  sometimes  the  fifth, 
dorsal,  where  it  divides  into  the  two  bronchi,  one  for  each  lung.  The  trachea 
measures  about  four  inches  and  a  half  in  length  (10-11  cm*);  its  diameter,  from 
side  to  side,  is  from  three-quarters  of  an  inch  to  an  inch  (2-2^^  cm.),  being  always 
greater  in  the  male  than  in  the  female. 

Belations. — The  anterior  surface  of  the  trachea  is  convex,  and  covered  in  tht 
neck,  from  above  downward^  by  the  isthmus  of  the  thyroid  gland,  the  inferior 
thyroid  veins,  the  arteria  thyroidea  ima  (when  that  vessel  exists),  the  Sterno-hyoid 
and  Sterno-thyroid  muscles,  the  cervical  fascia,  and  more  superficially,  by  the 
anastomosing  branches  between  the  anterior  jugular  veins:  in  the  thorax  it  is 
covered  from  before  backward  by  the  first  juece  of  the  sternum,  the  remains  of  the 
thymus  gland,  the  left  innominate  vein,  the  arch  of  the  aorta,  th*.^  innominate  and 
left  common  carotid  arteries,  and  the  deep  cardiac  plexus.  Posteriorly,  it  is  in 
relation  with  the  (Bsopbagns ;  laterally,  in  the  neck^  it  is  in  relation  with  the  com- 
mon carotid  arteries,  the  lateral  lobes  of  the  thyroid  gland,  the  inferior  thyroid 
arteries,  and  recurrent  laryngeal  nerves ;  and  in  the  thorax  it  lies  in  the  space 
between  the  pleuriB  (superior  mediastinum) ;  having  the  pneumogastric  nerve  on 
each  side  of  it. 

The  Biglit  Broncbuar  wirier,  shorter,  and  more  horizontal  in  direction  than  the 
left,  is  about  an  inch  in  length,  and  enters  the  right  lung  opposite  the  fifth  dorsal 
vertebra.  The  vena  azygos  major  arches  over  it  from  Ijehind,  and  the  right  pul- 
monary artery  lies  below  and  then  in  front  of  it.  About  three-tpiarters  of  an  inch 
from  its  origin  it  gives  off  a  branch  to  the  upper  iohe  of  the  right  lung*  This 
branch  is  known  as  eparterial  because  it  is  given  off  ahnve  the  right  pulmonanr 
artery,  below  which  the  main  bronchus  now  passes  and  is  known  as  hi^parierial ; 
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this  subdivides  into  two  branches  for  the  middle  and  lower  lobes  of  the  right 
lung. 

The  Left  Bronchtia  is  smaller,  longer,  and  more  obli'iite  than  the  right,  being 
nearly  two  inches  in  length.  It  enters  the  rrwt  of  the  left  limg  opposite  the  sixth 
dorsal  vertebra,  about  an  inch  lower  than  the  right  bronehus.  It  passes  benealh 
the  arch  of  the  aorta,  crosses,  in  front  of  the  oesophagus,  the  thoracic  duct  and 


FlQ.  706.— Front  view  of  cartilages  of  laiyDX ;  the  trachea  and  broochL 


the  descending  aorta,  and  has  the  left  pulmonary  artery  lying  at  first  above  and 
then  in  front  of  it.  It  is  entirely  ki/pni'teriaK  having  no  t'parterifil  branch,  and 
divides  into  two  branches  for  the  ypper  and  lower  lobes  of  the  left  lung.  If  a 
transverse  section  is  made  across  the  trachea  a  short  distance  above  its  point  of 
bifurcation,  it  is  seen,  in  many  cases,  on  looking  down  the  tube  that  the  right 
bronchus  appears  to  continue  the  direction  of  the  trachea  more  directly  than  does 
the  left- 

SubdiviflioEB  of  the  BroncM* — According  to  Aeby,  whose  observations  are  based 
on  casts  of  the  trachea  and  bronchi  made  with  Roser's  fusible  alloy,  the  following 
ia  the  arrangement  of  the  bronchi  and  larger  bronchial  tubes  (Fig.  706) :  The  rifjfkt 
hnmrhiis,  after  giving  off  the  epartfrtal  branek^  becomes  hyparterial,  which  the  left 
bronchus  is  from  the  beginning.     Each  bronchus  then  passes  downward  and  back- 
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Wftrd,  oonstantly  diminishing  in  calibre  until  it  ends,  as  sudb,  in  the  lower  aad  pos* 
terior  part  of  the  inferior  lobe  of  &e  corresponding  lonj^.  In  its  course  eadi  brcmmw 
giyee  off  four  ventral  and  faur  dcrml  branches,  the  right  bronchus  also  giving  off 
an  additional  or  aecessorjf  br&nehusy  the  so-called  ^^heart-bronchus"  which  passes 
aiasially  and  dorsaUy  into  the  inferior  lobe.  Its  name  comes  finom  the  fiict  tbtA  it 
m  the  nomologue  of  a  bnmohus  which,  in  certain  animals^  runs  to  the  infiracaxdiae 


Might  brormm 

Epgtrierial  branth 


Rightpuim.A.  — 


End  of  bronchtta 


End  of  bronchus 

Fio.  706.— DlaRram  (after  Aeby)  of  a  cast  of  the  "bronchial-tree:"  v^  v*,  v»,  v*,  the  ventral  branches* 
d»,  d«,  d*,  d*,  the  dorsal  branches ;  C,  the  "  heart-bronchus." 

lobe.  Of  the  right  bronchus,  the/r«^  ventral  branch  goes  to  the  middle  lobe  ;  the 
other  ventral  and  all  the  dorsal  passing  to  the  inferior  lobe.  Of  the  left  bronchus, 
the  first  ve7itral  branch  passes  to  the  superior  lobe,  all  the  others,  ventral  and 
dorsal,  going  to  the  inferior  lobe.  All  these  branches,  on  both  sides,  are  hyp- 
arterial  as  well  as  the  "  heart-bronchus."  The  characteristic  general  course  of  each 
bronchus  is  outlined  in  the  Diagram. 

Structure. — The  trachea  is  composed  of  imperfect  cartilaginous  rings,  fibrous 
membrane,  muscular  fibres,  mucous  membrane,  and  glands. 

The  cartilages  vary  from  sixteen  to  twenty  in  number ;  each  forms  an  imper- 
fect ring  which  surrounds  about  two-thirds  of  the  cylinder  of  the  trachea,  which  is 
completed  behind  by  fibrous  membrane.  The  cartilages  are  placed  horizontally 
above  each  other,  separated  by  narrow  membranous  intervals.  They  measure 
about  two  lines  in  depth  and  half  a  line  in  thickness.  Their  outer  surfaces  are 
flattened,  but  internally  they  are  convex  from  being  thicker  in  the  middle  than  at 
the  margins.  Two  or  more  of  the  cartilages  often  unite  partially  or  completely, 
and  are  sometimes  bifurcated  at  their  extremities.  They  are  highly  elastic,  but 
sometimes  become  calcified  in  advanced  life.  In  the  right  bronchus  the  cartilages 
vary  in  number  from  six  to  eight ;  in  the  left,  from  nine  to  twelve.  They  ai« 
shorter  and  narrower  than  those  of  the  trachea. 
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^h^ first  cartilage  is  broader  than  the  rest,  and  sometimes  divided  at  one  end; 

it  is  connected  by  fibrous  membrane  with  the  lower  border  of  the  cricoid  cartilage, 
with  which  or  with  the  stieceeding  cartilage  it  m  sooietimca  blended. 

The  la»t  cartilage  is  thick  and  broad  in  the  middle,  in  consequence  of  its  lower 
border  being  prolonged  into  a  triangular  hook-shaped  process  which  curves  down- 
ward and  backward  between  the  two  bronchi.  It  terminates  on  each  side  in  an 
imperfect  ring  which  encloses  the  commencement  of  the  bronchi.  The  cartilage 
above  the  last  is  some  what  broader  than  the  rest  at  its  centre. 

The  Fibrous  Membrane. — The  cartilages  are  enclo&ed  in  an  elastic  fibrous 
membrane  which  forms  a  double  layer,  one  layer,  the  thicker  of  the  two,  passing 
over  the  outer  surface  of  the  ring,  the  other  over  the  inner  surface ;  at  the  upper 
and  lower  margins  of  the  cartilages  these  two  layers  blend  together  to  form  a  single 
membrane,  which  connects  the  rings  one  with  another.  They  are  thus,  as  it  were^ 
imbedded  in  the  membrane.  In  the  space  behind,  between  the  extremities  of  the 
rings,  the  membrane  forms  a  single  distinct  layer. 

The  muscular  fibres  are  of  the  unstriped  variety  and  are  disposed  in  two  hiyers, 
transverse  and  longitudinal. 

The  transverse  fbrts  (Trachealis  muscle,  Todd  and  Bowman),  the  'most  inter- 
nal, form  a  thin  layer  which  extends  transversely  between  the  ends  of  the  carti- 
lages in  the  intervals  between  them  at  the  posterior  part  of  the  trachea.  Outside 
of  or  posterior  to  these  are  a  few  bundles  of  longitudinal  fibres. 

The  Mucous  Membrane  is  continuous  above  with  that  of  the  larynx,  and  below 
with  that  of  the  bronchi.  Microscopically,  it  presents  a  well-marked  basement 
membrane  supporting  a  layer  of  colomnar  ciliated  epithelium,  between  the  deeper 
ends  of  which  are  smaller  round  or  elongated  cells.  It  contains  a  large  amount 
of  lymphoid  tissue  and  some  tracheal  glands.  Next  to  the  submucous  tissue,  the 
mucous  membrane  contains  elastic  fibres,  most  abundant  posteriorly,  where  they  are 
collected  into  distinct  longitudinal  bundles.  They  are  especially  numerous  about 
the  bifurcation  of  the  trachea. 

The  Tracheal  Glands  (racemose)  are  found  in  great  abundance  at  the  posterior 
part  of  the  trachea.  They  are  small,  placed  upon  the  outer  surface  of  the  fibrous 
layer ;  each  is  furnished  with  an  excretory  duct,  which  pierces  the  fibrous  and 
muscular  layers  and  opens  on  the  surface  of  the  mucous  membrane.  Some  glands 
of  smaller  size  are  also  found  at  the  sides  of  the  trachea,  between  the  layers  of 
fibrous  tissue  connecting  the  rings,  and  others  immediately  beneath  the  mucous 
coat.  The  secretion  from  these  glands  serves  to  lubricate  the  inner  surface  of  the 
trachea. 

Yessels  and  Nerves.^ — The  trachea  is  supplied  with  blood  by  the  inferior  thyroid 
arteries.  The  peins  terminate  in  the  thyroid  venous  plexus.  The  nnnws  are  de- 
rived from  the  pneuraogastric  and  its  recurrent  branches  and  from  the  Byinpathetic* 

Surface  Form. — In  the  middle  line  of  the  neck  some  of  the  cartilages  of  the  larynx  c&n  be 
readily  ilistitiifuished.  In  the  recedin^r  an^le  Ixdow  the  chin  the  hvoid  bone  can  easily  be  made 
out  (see  pasre  *2:i0),  and  a  finircr's  breadth  below  it  is  the  iM>imiiij  Adami.  tiie  proinineiice  between 
tlie  upper  hardt*rH  of  the  two  alae  of  the  thyroid  cartilaife.  Alxnit  an  inrfi  btluw  thiy.  iii  the 
middle  line,  is  a  denrt?ssiun  eorTesyMindin.ir  to  the  crieothyroid  spjue.  hi  whirli  tha  oneratjou  of 
larynjLrotimiy  is  performed.  ThiR  denrei^yiuii  is  iMjunded  below  by  a  prominent  areh,  the  anterior 
ring  of  the  ericoid  eartiliiire,  bcluw  which  the  trachea  ean  be  felt,  thoii|fli  it  is  only  in  the  einaci- 
ated  adiik  that  the  sepiimte  rini'S  eari  be  distintrnished.  The  lower  part  of  the  trachea  is  not 
easily  made  oat,  ibr  as  it  des^M^nds  it  is  farther  n^moved  from  the  surface.  The  level  of  the 
vocal  conls  corresponds  to  the  middle  of  the  anterior  margin  of  the  thyroid  cartilage. 

With  the  laryn tropcoi »e  the  folI<nving  structures  can  be  seen  :  The  base  of  the  tongue  and 
the  upper  surfuce  of  the  ej>iglottia*  with  the  irloPS*> -epiglottic  folds,  the  superior  apertare  of  the 
larj^nx^  bonnded  on  eitlicr  side  by  the  aryteno-epi glottic  folds^,  inwhkdi  maybe  seen  two  nntuded 
eminences  eorrcKponding  ti>  the  e^irnieula  and  eitneifnnn  cartilaces.  Beneath  these,  the  true 
anil  fal.He  vocal  wnis,  witlj  the  ventricle  between  them.  Still  deeper,  the  cricoid  cartilage  and 
8omc  of  the  anterior  ptirts  of  the  rings  of  the  trachea,  and  sometimes,  in  deep  itit<piration,  the 
bifiiiTatkui  of  the  trachea. 

Surgical  Anatomy. — Foreign  hnhcs  often  fiml  tlieir  way  into  llie  air-passages.  These  may 
be  lurge  embstanccs,  as  a  piece  of  meat,  which  Uvoines  l<xigi*d  in  the  upper  aperture  of  the 
lars  nx  or  in  the  rima  glottidis,  and  cause  speedy  suffocation  imlesa  rapidly  got  nd  of  or  unlefts 
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an  opening  is  uiade  into  the  air- passages  below.  Smaller  bodies,  sueh  as  cherrv-  or  pluni'Stones, 
small  pieces  of  hone,  buttons,  ete.,  may  iirid  their  way  into  the  traehea  or  broneims,  or  may 
become  lodged  in  the  ventricle  of  the  larynx.  The  dangers  then  depend  not  i«j  niiieh  upoD  the 
meclianical  obstruction  tm  ojion  the  sija^sm  ot^lhe  ^dottia  which  they  exeite.  When  lod^ea  in  the 
ventricle  of  the  larj'nx  they  may  produce  vei^  few  symptoms  l>eyond  sudden  loss  of  vfui-e  or  alter- 
ation ifi  ilie  voice  sound.^  immediately  tollowin^  the  innalation  of  the  tbreija^n  hotly.  When,  how- 
ever, they  an?  .situated  in  the  traohea,  they  are  etmstantly  striking  against  the  voeal  cords  during? 
expiratory  efforti?i,  und  jmtducc  attju'ka  of  dyspnoea  from  spa.sm  of  the  glottiii.  When  lodged  m 
the  brtjuchus  they  usually  bet^ome  fixed  there,  and,  oet4uding  the  lumen  of  the  tube,  cause  a  los 
of  the  rei<pirat*»r>*  murmur  on  the  affected  side,  which  is  uBiially  the  right. 

Beneath  the  mucous  membrane  of  the  upper  j«art  of  the  air- passages  there  18  a  considerahle 
amount  of  suhmucc*us  tissue  which  is  liable  to  become  mucb  .swollen  from  effusion  in  inflamma- 
iKyjy  affeetions,  constituting  the  disease  known  as  ''tcdeuta  of  the  glottic/'  This  effusion  d*je5 
not  extend  below  the  level  of  the  vocal  cords,  on  account  of  the  mucous  membrane  being  closely 
adherent  to  the^  strueturea.  80  that  in  cases  K^i^  this  disease  the  operation  of  laryngototuy  is 
sufficient. 

f*hronie  laryngitis,  which  occurs  in  those  who  speak  much  in  public,  is  known  as  **eJergy- 
nijuTH  sore  throat/'  It  is  due  t-o  the  large  amount  of  cold  air  drawn  into  the  air- passages  dunnir 
prolon^jcd  s|>cakin^^ 

Ulceration  of  the  larynx  may  occur  from  syphilis,  either  superHcial  or  from  the  softening  of 
a  gumma,  from  iul:»cn-'ular  dii^Ciise  (laryngeal  phthieijs),  or  from  malignant  diseasie  (epitheliOQiJij* 

The  air-]iiii5iiitgea  maybe  opened  in  two  different  situations:  through  the  crico -thyroid  mem- 
bmne  ijarj/titfotomp),  or  in  some  part  of  the  trachea  {traeheotomi/} ;  and  to  these  some  surgeons 
have  atlded  a  third  method,  by  o^iening  the  crico-tliyroid  membrane  and  dividing  the  cne^nd 
cartilage  wit!i  the  upper  ring  of  the  trachea  {hjrmif/a'fmdmtiomt/]. 

Lttnfm/tttomtf  is  the  most  simple,  and  should  ahvays  be  preferred  when  particular  circam- 
stances  Jo  not  render  the  oDeration  of  tracheotomy  aWlnlely  nccesstiry.  fbe  erieo-thyroid 
membrane  is  very  superticial,  Ibeing  covered  onlvin  the  middle  line  by  the  skin,  superficial  fascia, 
and  the  deefi  fawia.  On  each  side  of  the  middle  line  it  is  also  covered  by  the  SterricKhyoid  and 
St4.^nio-th>Toid  muscles,  which  diverge  sliglitly  from  each  other  at  their  upper  pari-s,  leaving  a 
slight  interval  between  them.  On  these  muscles  rej^Ls  the  aijterior  jugular  vem.  The  only  vessel 
of  any  importance  in  (^unni?etion  with  this  operation  is  the  crico-thyroid  arter>\  which  crosses  the 
crico-thyniid  membnine,  and  which  may  he  wounded,  but  rarely  gives  rise  t^i  atiy  trouble.  The 
operation  is  jvcrformed  thus:  The  crico- thyroid  deprt^ssion  having  been  felt  for  and  found,  a 
vertical  incision  is  then  made  through  the  skin  in  the  middle  hne  over  this  spot,  and  carried 
down  through  the  fast;ia  until  the  crico-thyroid  membrane  iw  exposed.  Across  cut  is  then  made 
through  the  mcmbnuie,  close  to  the  iipjH.T  horder  of  the  cricoid  cartilage,  so  aa  to  avoid,  if  po«- 
siblcr  the  cricothyroid  artery,  a  nil  a  tracheotomy -tul>c  intnxluced. 

Traehmtomi/  may  he  pertbrmed  either  above  or  U^luw  the  isthmus  of  the  tbjToid  body,  or 
this  structure  may  be  divided  and  the  trachea  opened  beneath  it. 

The  isthmus  of  the  thyroid  gland  usually  crosses  the  second  and  thinl  rings  i»f  the  trachea; 
along  its  upper  border  is  frcr|uently  to  l>e  found  a  large  transverse  eonnnunii-ating  branch  between 
the  sujierior  thyroid  veins;  and  the  isthmmi  itself  is  covered  by  a  venous  plexus  formeil  between 
the  thyrvjid  veins  of  the  opposite  sides.  Theoretically,  therefore,  it  is  advisable  to  avoid  dividing 
this  structure  in  opening  the  tniichea. 

Above  the  isthmus  the  trachea  is  comparatively  superficial,  being  covered  by  the  skin,  8Ui»er* 
ficial  taacia,  deep  fccia,  Stemodiyoid  and  *Stemo-thyrc*id  muscles,  and  a  second  layer  of  the 
deep  fascia,  which,  attached  alxjve  to  the  lower  border  of  the  hyoid  bone,  descends  beneath  the 
nuiscles  to  the  thyroid  bo<ly,  where  it  divides  into  two  layers  and  encloses  the  isthtnusw 

Below  t!ie  isthnuis  the  trachea  lies  much  more  deet^ly,  and  is  tMivered  hv  the  8lemo*hj?oid 
and  the  Sternothyroid  tnusi:'les  and  a  quantity  of  loost^  areolar  tissue  in  wliicb  Is  a  |dexii8  of 
veins,  s<jme  of  them  of  large  size;  they  converge  to  two  trunks,  the  inferior  thyroid  veins,  whii^h 
des<!end  on  either  side  of  the  median  hne  on  the  front  of  the  trachea  and  open  into  the  innomi* 
mite  veins.  In  the  infant  the  thymus  gland  as4.'cnds  a  variable  tbstance  along  the  front  of  th^ 
tniehea,  ami  opposite  the  cpisternal  notch  tlie  windtiipe  is  crossed  by  the  lett  innominate  vein. 
Occasionally  also,  in  yoinig  subjects,  the  innotuiniite  arter)'  crosses  the  tube  obliiiuely  above  the 
level  of  the  sternum.  Tlie  thyroidea  ima  artery,  when  that  ve^cl  exists,  passes  trom  below  up- 
ward along  tlie  front  of  the  trachea, 

Froui  thciie  oliservations  it  must  be  evident  that  the  trachea  can  be  more  readily  opened 
above  than  liclow  tlie  isthmus  of  the  thyroid  body. 

Tracheotoniy  abijve  the  isthmus  is  performed  thus:  An  incision  is  made  from  an  inch  and 
a  half  to  two  inches  in  length  exactly  in  the  median  line  of  the  ne<'k  from  the  top  of  the  cricoid 
cartilage.  After  the  superficial  structures  have  Ijcen  divided  the  interval  between  the  Sterno- 
hyoid muscles  must  be  found,  the  raphe  iljvided,  and  the  muscles  drawn  apart.  The  lower 
border  td"  the  cricoid  cartiiEi«;e  nuist  now  be  felt  for,  and  the  upper  part  of  the  trachea  ejcpo^ 
from  this  point  downwanl  in  the  middle  fine.  Bose  has  recommemlefl  that  the  layer  of  tascia 
in  rD)nt  of  the  trachea  sliuuld  hi.'  divided  transversely  at  the  level  of  the  lower  bonier  of  the 
cricoid  cartikgi%  and,  having  been  seized  with  a  pair  of  fun^cps,  presided  downward  with  the 
handle  of  the  scidpel  By  this  means  the  isthmus  of  the  thyroid  gland  is  depressed,  and  is 
saved  from  all  danger  of  lieing  wounded,  and  the  trachea  cleanly  exposed.  The  trachea  is  now 
transfixed  with  a  sharp  hook  and  drawn  forwartl  in  order  to  steady  it,  and  is  then  opened  by 


THE  PLEURA, 


1113 


ifiserting  the  knife  into  it  and  dmding  the  two  or  tbree  upper  rings  from  below  upward.  If 
the  trachea  is  to  he  oiw^ned  helow  the  isthuiUB,  the  incision  must  be  made  from  a  httle  l)elow 
tlic  ericoid  cartihigc  to  the  top  of  rhe  tiiirnuitL 

In  the  child  the  tradiea  is  smaller,  inure  deejily  pbi-cd,  and  more  movalile  than  in  (he  adult. 

A  |M>rtion  of  the  larjrix  or  the  whole  of  it  has  been  removed  tiir  malignant  rii^^ase,  hitytif/- 
ectomy.  The  K'Sidts  whieh  have  l>een  ohtained  iT<mi  the  removal  of  the  whole  of  it  have  not 
been  verj'  satiiifaetory,  and  the  ^ascn  in  whieh  the  openitioii  is  justifiable  are  very  few.  It  may 
be  removed  by  a  median  iuelsion  through  the  mh  parts,  freeing  tlie  eartiUifre  \n>m  the  muscles 
and  other  strueturea  in  front,  separatiuij  the  br>*nx  from  the  tniehea  below,  and  dissecting  off 
the  deeper  structure  ftx)m  below  upwani. 

THE  PLETJE^. 

Each  lung  is  invested,  upon  its  external  surface,  by  an  exceedingly  delicate 
aeroas  membrane,  the  pleura,  which  enchjses  the  organ  as  far  a«  its  root,  and  is 
then  reflected  upon  the  inner  surluce  of  the  thorax.  The  portion  of  the  serous 
membrane  investing  the  surface  of  the  lung  is  called  the  pleura  pulmtftialis 
(visceral  layer  of  pleura),  while  that  which  lines  the  inner  surface  of  the  chest  is 
called  the  pleura  costalh  (parietal  layer  of  pleura).  The  sjiace  between  these  two 
layers  is  called  the  cavity  of  the  pleura^  but  it  must  be  borne  in  miud  that  in  the 
healthy  condition  the  two  layers  are  in  contact,  and  there  is  no  real  cavity  until  the 
lung  becomes  collapsed  and  a  separation  of  it  from  the  wall  of  the  chest  takes 
place.  Each  pleura  is  therefore  a  shut  sac,  one  occu[iying  the  right,  the  other  the 
left  half  of  the  thorax,  and  they  at^e  perfectl}^  separate,  not  comiuinii eating  with 
each  other.  The  two  pleune  do  not  meet  in  the  middle  line  of  the  chest,  excepting 
anteriorly  opposite  the  upper  part  of  the  secowl  piece  of  the  sternum— a  space 
being  left  between  them,  which  contains  all  the  viscera  of  the  thorax  excepting 
the  lungs ;  this  is  the  medlastlmim. 

Reflections  of  tlie  Pleura  (Fig.  707). — Commencing  at  the  sternum,  the  pleura 
passes  outw^ard,  covers  the  costal   cartilages,    the  inner  surface  of  the  ribs  and 
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Fig.  707.— a  tniiiBvene§«ctton  of  the  I homx,  showing  the  relative  position  of  the  vtBcetn  and  the  reaectlona 
of  the  Dleune. 


Intercostal  muscles,  and  at  the  back  part  of  the  thorax  passes  over  the  thoracic 
ganglia  and  their  branches,  and  is  reflected  upon  the  sides  of  the  bodies  of  the 
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vertebrae,  where  it  is  separated  by  a  narrow  interval,  the  posterior  media^tmum. 
from  the  opposite  pleura.  From  the  vertebral  colunin  the  pleura  passes  to  the  side 
of  the  pericardium,  which  it  covers  to  a  slight  extent ;  it  then  covers  the  Lack  part 
of  the  root  of  the  lung,  from  the  hiwer  border  of  which  a  triangular  fold  descends 
vertically  by  the  side  of  the  posterior  mediastinum  to  the  Diaphragm.  This  fold 
is  the  broad  ligament  of  the  lung,  the  ligamentnm  latum  pulmonisy  and  serves  to 
retain  the  lower  part  of  that  organ  in  position.  From  the  root  the  pleura  may  be 
traced  over  the  convex  surface  of  the  lung,  the  summit  and  base,  and  also  over  the 
sides  of  the  fissures  between  the  lobes  on  to  its  anterior  surface  and  the  front  part 
of  its  root ;  from  this  it  is  reflected  upon  the  side  of  the  pericardium  to  the  inner 
surface  of  the  sternum.  BehWy  it  covers  the  upper  surface  of  the  Diaphragm,  and 
extends  in  front  as  low  as  the  costal  cartilage  of  the  seventh  rib  ;  at  the  side  of  tie 
chest,  as  low  as  the  tenth  rib  on  the  left  side  and  the  ninth  on  the  right  side ;  and 
behind,  it  reaches  as  low  as  the  twelfth  rib,  and  sometimes  even  beyond  it,  as 
as  the  transverse  process  of  the  first  lumbar  vertebra.  Above ^  its  apex  projects^' 
the  form  of  a  eul-de-sac^  through  the  superior  opening  of  the  thorax  into  the  neck. 
extending  from  one  to  two  inches  above  the  margin  of  tha  first  rib,  and  receives 
the  summit  of  the  corresponding  lung;  this  sac  is  strengthened,  according  to  Dr* 
Sibson,  by  a  dome-like  expansion  of  fascia,  attached  in  front  to  the  posterior  border 
of  the  first  rib,  and  behind  to  the  anterior  border  of  the  transverse  process  of  the 
seventh  cervical  vertebra.  This  is  covered  and  strengthened  by  a  few  spreading 
muscular  fibres  derived  frotn  the  Scaleni  muscles. 

A  little  above  the  middle  of  the  sternum,  the  contiguous  surfaces  of  the  two 
pleur®  are  sometimes  in  contact  for  a  slight  extent ;  but  above  and  below  this  point 
the  interval  left  between  them  forms  part  of  the  mediastinum* 

The  inner  surface  of  the  pleura  is  smooth,   polished,  and  moistened  by  a 
serous  fluid;  its  outer  surface  is  intimately  adherent  to  the  surface  of  the  1 
and  to  the  pulmonary  vessels  as  they  emerge  from  the  pericardium  ;   it  is 
adherent  to  the  upper  surface  of  the  Diaphragm  ;    throughout   the    rest  of 
extent  it  is  somewhat  thicker,  and  may  be  easily  separated  from  the  adjacent  parts. 

The  right  pleural  sac  is  shorter  and  wider  than  the  left. 

A  portion  of  the  Diaphagm  below  and  behind,  /.  e>  a  narrow  interval  around 
this  part  of  its  circumference,  is  not  covered  by  pleura  and  is  in  direct  contact  with 
the  costal  parietes.  F'urtliermore,  it  is  to  be  noted  that  there  are  certain  localii 
in  the  pleural  sac  in  which  the  surfaces  of  two  portions  of  parietal  pleura  are  al 
in  contact,  even  when  the  lung  is  in  a  state  of  complete  inspiration*  These  localli 
are  known  as  sitmaes  or  complementary  spaces.  The  largest  and  most  distinct  of 
these  is  the  coftto-phreme  miiuny  which  follows  the  line  of  reflection  of  the 
pleura  on  to  the  diaphragm.  _ 

Vessels  and  Nerves, — The  (trteries  of  the  pleura  are  derived  from  the  inter- 
costal, the  internal  mammary,  the  musculo-phrenic,  thymic,  pericardiac,  and 
brunchial.  The  rfhat  correspond  to  the  arteries.  The  lytnphatics  are  ver? 
numerous.  The  nervm  are  derived  from  the  phrenic  and  sympathetic  (Lusehks). 
Krilliker  states  that  nerves  accompany  the  ramiflcation  of  the  bronchial  arteries 
in  the  pleura  pulmonalis. 

Surgical  Anatomy.— In  operations  upon  the  kidney  it  mast  !>e  borne  in  mind  that  tlie 
pleura  nniy  suuii" times  extend  below  the  level  of  tlje  last  rib,  and  may  therefore  be  opened  la 
these  operations,  especially  when  the  last  rib  is  removed  in  order  to  give  more  room. 

THE  BiIEDIABTmUM. 

The  Mediaatmum  is  the  apace  left  in  the  median  portion  of  the  chest  by  the  noti- 
approximation  of  the  tivo  pleurie.  It  extends  from  the  eterniim  in  front  in  tht 
spine  behindhand  contains  all  the  viscera  in  the  thorax  excepting  the  litncrs.    The 

mediastinnm   may   be   divided    fur   purposes   of   description   into    two    parta tli 

upper  portion,  above  the  upper  level  of  the  perieardimn,  ^hieh  is  named  tlie 
Superior  rntdutstinttm  (Struthers) ;  and  a  lower  portion,  lielow  the  up|>er  level  of 
the  pericardium.     This  lower  portion  is  again  subdivided  into  three — that  part 


The  superior  mediastmum  is  thnt  portion  of  the  interpleural  space  which  lies 
above  the  ti]>per  level  of  the  pericardium,  between  the  manubriuui  sterni  in  front  and 
the  upper  clorsal  vertebni^  behind.  It  is  hounded  below  by  a  plane  parsing  back- 
ward from  the  junction  of  the  miinubrium  and  gladiolus  sterni  to  the  lower  part 
of  the  body  of  the  fourth  dorsal  vertebra.  It  con  rains  the  origins  of  the  Sterno- 
hvoid  and  Sterno-tbyrnid  muscles  and  the  lower  en<ls  of  the  Longi  colli  muscles; 
the  trans veriHe  portion  of  the  arch  of  the  aorta  ;  the  inn<miimite,  the  thoracic 
portion  of  the  left  carotid  and  subclavian  arteries  ;  the  upper  half  of  the  superior 
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Tm.  709*— Trattarorae  lectlon  through  the  upper  margin  of  the  third  dorsal  vertebra.    (Brautie,) 

heart  toward  the  left  side,  tins  8pace  is  not  parallel  with  the  sternum,  but  directed 
obliquely  from  above  downward  and  to  the  left  of  the  median  line ;  it  is  broad 
below,  narrow  above,  very  narrow  oppoaite  the  first  segment  of  the  gladiolus  of  the 
Bterninn,  the  contiguous  surfaces  of  the  two  pleura  being  occasionally  united  over  i 
small  space.  The  anterior  mediastinum  contains  the  origins  of  the  Triangtilaris 
sterni  muscles,  sind  a  (juantity  of  loose  areolar  tissue  in  which  some  lymphatic 
vessels  are  found  ascending  from  the  convex  surfiice  of  the  liver,  and  two  or  three 
lymphatic  glands  (anterior  mediastinal  glands). 

The  middle  mediastinimi  is  the  broadest  part  of  the  interpleural  space*  It 
contains  the  heart  enclosed  in  the  pericardium,  the  ascending  aorta,  the  lower 
half  of  the  superior  vena  cava,  with  the  vena  azygos  major  opening  into  it,  the 
bifurcation  of  the  trachea  and  the  two  bronchi,  the  pulmonary  artery  dividing  inio 
its  two  branches  and  the  ritfht  and  left  pulmonary  veins,  the  phrenic  nervea,  and 
some  bronchial  lymfthatic  gLinds. 

The  posterior  mediastinum  is  an  irregular  triangular  space  running  parallel 
w^ith  the  vertebral  column ;  it  is  hounded  in  front  by  the  pericardium  and  roots  uf 
the  lungs,  behind  by  the  vertebral  culumn  from  the  lower  border  of  the  fourtli 
dorsal  vertebra,  and  on  either  side  by  the  [deura.  It  contains  the  descend' 
ing  thoracic  aorta,  the  greater  and  lesser  azygos  veins,  the  pneumogastric  anJ 
splanchnic  nerves,  the  oasophagus,  thoracic  duct,  and  some  lymphatic  glands. 


THE   LUNaS. 

The  Lungs  are  the  essential  organs  of  respiration  ;  they  are  two  in   number 
placed  one  on  each  side  of  the  chest,  separated  from  each  other  by  the  heart  an*! 


The  apex  forras  a  tapering  cone  which  extends  into  tlie  root  of  the  neck  about 
an  inch  to  an  inch  an*!  a  half  above  the  level  of  the  first  rib. 

The  base  m  broad,  concave,  and  rests  upon  the  convex  surface  of  the  Dia- 
phragin ;  its  circumference  m  thin,  and  fits  into  the  space  between  the  lower  rilm 
and  the  costal  attachment  of  the  Diaphragm,  extending  lower  down  externally 
and  behind  than  in  front. 

The  ej^ternal  or  thorack  surface  is  smooth,  convex,  of  considerable  extent, 
and  corresponds  to  the  form  of  the  cavity  of  the  cheat,  being  deeper  behind  than 
in  front. 

The  inner  surface  is  concave.  It  presents  in  front  a  depression  corresponding 
to  the  convex  surface  of  the  pericardium,  and  beliind  a  deep  fissure  (the  hiltim 
pulmonis)  which  gives  attachment  to  the  root  of  the  lung. 

The  posterior  border  is  rounded  and  broad,  and  is  received  into  the  deep  con- 
cavity on  either  side  of  the  spinal  column.  It  is  much  longer  than  the  anterior 
border;  and  projects  below  between  the  ribs  and  the  Diaphragm. 

The  anterior  border  is  thin  and  sharp,  and  overlaps  the  front  of  the  peri- 
cardium- 
Each  lung  is  divided  into  two  lobes,  an  upper  and  lower,  by  a  long  and  deep 
fissure  which  extends  from  the  upper  part  of  the  posterior  border  of  the  organ, 
about  three  inches  from  its  apex,  downward  and  forward  to  the  lower  part  of  its 
anterior  border.  This  fissure  penetrates  nearly  to  the  root.  In  the  right  lung 
the  upper  lobe  is  partially  subdivided  by  a  second  and  shorter  fissure  which  extends 
from  the  middle  of  the  preceding,  forward  and  slightly  upward,  to  the  anterior 
margin  of  the  organ,  marking  off  a  small  triangular  portion,  the  middle  lobe. 
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The  right  lung  is  the  larger  and  heavier;  it  is  broader  than  the  left,  owing  to 
the  inclination  of  the  heart  to  the  left  side  ;  it  is  also  shorter  by  an  inch,  in  conec- 
quenceof  tlie  Diaphni^irii  rising  higher  on  the  right  side  to  accommodate  the  liver. 

The  Root  of  the  Limgs. — A  little  above  the  middle  of  the  inner  surface  of  each 
lung,  and  nearer  its  posterior  than  its  anterior  border,  is  its  root,  by  which  the 
lung  is  connected  to  the  heart  an<l  the  trachea.  The  root  is  formed  by  the  bronchial 
tube,  the  pulmonary  artery,  the  ]>ulmonary  veins,  the  bronchial  arteries  and  veins, 
the  pulmonary  plexus  of  nerves,  lymphatics,  broncliial  glands,  and  areolar  tissue,  all 
of  which  are  enclosed  Itv  a  reflection  of  the  pleura.  Tlie  root  of  the  right  lung  lies 
behind  the  superior  vena  cava  and  ascending  portion  of  the  aorta  and  below  the 
vena  azygos  major.  That  of  the  left  lung  passes  beneath  the  arch  of  the  aorta  anii 
in  front  of  the  descending  aorta ;  the  phrenic  nerve  and  the  anterior  pulmonanr 
plexus  lie  in  front  of  each,  and  the  pneumogastric  and  posterior  pulmonary  plexus 
behind  each. 

The  chief  structures  composing  the  root  of  each  lung  are  arranged  in  a  similar 
manner  from  before  backward  on  both  sides — viss.  the  pulmonary  veins  most 
anterior;  the  jrulmonary  artery  in  the  middle;  and  the  bronchus,  together  with 
the  bronchial  vessels,  behind.  From  above  downward,  on  the  two  sides,  their 
arrangement  differs,  thus : 

On  the  right  side  their  position  is — ^bronchns  (undivided  portion),  palmonarj 
artery,  pulmonary  veins  ;  but  on  the  left  side  their  position  is — pulmonary  artenr. 
bronchus,  pulmonary  veins ;  this  is  accounted  for  by  the  bronchus  being  placed  on 
a  lower  level  on  the  left  than  on  the  right  sidej  in  order  that  it  may  pass  undcf 
the  arch  of  the  aorta. 

The  weight  of  both  lungs  together  is  about  forty-two  ounces,  the  right  lung 
being  two  ounces  heavier  thun  the  left;  but  much  variation  is  met  with  according 
to  the  amount  of  blood  or  serous  fluid  they  may  contain*  The  hmgs  are  heavier 
in  the  male  than  in  the  female,  their  proportion  to  the  body  being  in  the  former 
as  1  to  37,  in  the  latter  as  1  to  43.  The  specific  gravity  of  the  lung-tissiie  varies 
from  0.345  to  0,746,  water  being  1000, 

The  t*o!or  of  the  lungs  at  birth  is  a  pinkish-white;  in  adult  life  a  dark 
slate-color,  mottled  in  (latches;  and  as  age  advances  this  mottling  assumes  t 
black  color.  The  cidoring  matter  consists  of  granules  of  a  carbonaceous  substance 
deposited  in  tiie  areolar  tissue  near  the  surface  of  the  organ.  It  increases  in 
quantity  as  age  advances,  and  is  more  abundant  in  males  than  in  females.  The 
posterior  border  of  the  lung  is  usually  darker  tlian  the  anterior. 

The  8tirfare  of  the  hing  is  smooth,  shining,  and  marked  out  into  numeroilfl 
polyhedral  spaces,  indicating  the  lobules  of  the  organ  ;  the  area  of  each  of  tbeae 
spaces  is  crossed  by  numer<nis  lighter  lines. 

The  fttibsfance  of  the  Inug  is  of  a  Hglit,  porous,  spongy  texture  ;  it  floata  ia 
water  and  crepitates  when  handled,  owing  to  the  presence  of  air  in  the  tissue;  it 
is  also  highly  elastic ;  hence  the  collapsed  state  of  these  organs  when  they  ar* 
removed  from  the  closed  cavity   of  the  thorax. 

Structure. — The  longs  are  composed  of  an  external  serous  coat,  a  subserous 
areolar  tissue^  and  the  pulmonary  substance  or  parenchyma. 

The  setoUM  coat  is  the  viscerul  layer  of  the  pleura. 

The   sultsenms    an'olar   timue   contains  a  large    proportion   of  elastic    fibi 
it  invests  the  surface  of  the  lung,  and  extends  inward  between  the  lobules. 

The  parenchyma  is  composed  of  lobules  which,  although  closely  connected 
together  by  an  interlobular  areolar  tissue,  are  tpiite  ilistinct  from  one  another,  and 
may  be  teased  asunder  without  much  difficulty  in  the  fcctus.  The  lobules  vary  in 
size ;  those  on  the  surface  are  large,  of  pyramidal  form,  the  base  turned  toward 
the  surface ;  those  in  the  interior,  smaller  and  of  various  forms.  Each  lobule  is 
composed  of  one  of  the  rannfications  of  a  bronchial  tube  and  its  terminal  air-celU, 
and  of  the  ramifications  of  the  pulmonary  and  bronchial  vessels,  lyuiphatics,  and 
oerves,  all  of  these  structures  being  connected  together  by  areolar  tissue. 

The  bronchus,  upon  entering  the  substance  of  the  lung,  divides  and  subdivide 
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dichotomously,  or  ratlier  bipinnately,  throughout  the  entire  organ*  Sometimes 
three  branches  arise  together,  and  occjisionally  small  lateral  branches  are  given  oft' 
from  the  sides  of  a  larger.  Each  of  the  smaller  subdivisions  of  the  bronchi  enters 
a  pulmonary  lobule,  and  is  termed  a  hhular  bronchial  tube  or  bnmchioh\  Its  wall 
now  begins  to  present  irregular  dilatations,  air-celh  or  alveoli^  at  first  sparingly 
and  on  one  Bide  of  the  tube  only,  but  as  it  proceeds  onward  these  dilatations 
become  more  numerous  and  surround  the  tube  on  all  sides,  so  that  it  loses  its  cyl- 
indrical character.  The  lobuhtr  brofichiole  now  becomes  enlarged,  and  is  known  as 
the  airlam  or  alveolar  passm/e.  From  the  atrium  are  now  given  off  in  all  direc- 
tions somewhat  elongated  blind  pouches  (1  mm.  in  diameter),  the  mfuf^'i^bula. 
Each  infundibulura  is,  in  its  turn,  closely  beset  with  alveolL  Within  the  lungs 
the  bronchial  tubes  are  circular,  not  flattened,  and  present  certain  peculiarities  of 
structure. 

Ohangei  in  tlie  Stmctnre  of  the  Bronchi, — As  the  bronchial  tubes  become 
smaller  and  smaller  the  following  changes  take  place :  The  cariilngeti  consist  of 
thin  laminae,  of  varied  form  and  size,  scattered  irregularly  along  the  sides  of  the 
tube,  being  most  distinct  at  the  points  of  division  of  the  tubes.  They  may  be 
traced  into  tubes  the  dtnnieter  of  which  is  only  one-fourth  of  a  line.  Beyond  this 
point  the  tubes  are  wholly  membranous.  The  fibrous  coat  and  the  longitudinal 
elastic  fibres  are  continued  into  the  smallest  ramifications  of  the  bronchi.  The 
muscular  coat  is  disposed  in  the  form  of  a  continuous  layer  of  annular  fibres,  which 
may  be  traced  upon  the  smallest  bronchial  tubes.  The  raucous  membrane  lines 
the  bronchi  and  its  ramifications  throughout,  and  is  covered  with  columnar  ciliated 
epithelium. 

In  the  lobular  bronchial  tubes  and  in  the  infundibula  the  following  changes 
take  place:  The  muscular  tissue  begins  to  disappear;  the  longitudinal  elawtic  fibres 
begin  to  break  up,  so  that  in  the  infundibula  they  form  an  interlacement  around 
the  mouths  of  the  air-cells.  The  epitheUum  becomes  non-ciliated  and  flattened. 
This  occurs  gradually ;  thus,  in  the  lobular  bronchioles  patches  of  non-ciliated 
flattened  epithelium  may  be  found  scattered  amongst  the  columnar  ciliated  epithe- 
lium ;  then  these  patches  of  non-ciliated  flatteneil  epithelium  become  more  and 
more  numerous,  until  in  the  infundibula  and  air-cells  all  the  epithelium  is  of  the 
non-ciliated  pavement  variety.  In  addition  to  these  flattened  cells,  there  are  smsill 
polygonal  granular  cells  in  the  air-sacs,  in  clusters  of  two  or  three,  between  the 
others. 

The  air-cells  are  small,  polyhedral,  recesses  composed  of  a  fibrillated  connec- 
tive tissue  and  surrounded  by  a  few  involuntary  nmscular  and  elastic  fibres.  Free 
within  their  cavities  are  granular  leucocytes,  often  containing  carbonaceous  parti- 
cles. The  air-cells  are  well  seen  on  the  surface  of  the  lung,  and  vary  from  .jj^ th 
to  Xth  of  an  inch  in  diameter,  being  largest  on  the  surface  at  the  thin  borders 
and  at  the  apex,  and  smallest  in  the  interior. 

The  puhnonanf  ftrtcry  conveys  the  venous  blood  to  the  lungs ;  it  divides  into 
h ranches  which  accompany  the  bronchial  tubes,  and  terminates  in  a  dense  capillary 
network  upon  the  walls  of  the  intercellular  passages  and  air-cells.  In  the  lung 
the  branches  of  the  pulmonary  artery  are  usually  above  and  behind  a  bronchial 
tube,  the  vein  below  and  in  front. 

The  puImoHtirtf  ciipillarim  form  [ilex uses  which  lie  immediately  beneath  the 
mucous  membrane  in  the  walls  and  septa  of  the  air-cells  and  of  the  infunrlibula. 
In  the  septa  between  the  air-cells  the  capillary  network  forms  a  single  layer.  The 
capillaries  form  a  very  minute  network,  the  meshes  of  which  are  smaller  than  the 
vessels  themselves  ;  *  their  walls  are  also  exceedingly  thin.  The  arteries  of  neigb- 
boring  lobules  are  distinct  from  each  other,  and  do  not  anastomose,  whereas  the 
corresponding  venous  anastomosis  is  extremely  free. 

The  radicles  of  the  pubnonarif  veins  commence  in  the  pulmonary  capillaries, 
and  coalesce  into  larger  branches,  which  accompany  the  arteries  and  return  the 

'  The  meshes  are  only  0.002"'  to  0.008'^''  in  witlth,  while  the  vessels  iire  0,003''^  to  0.005"' 
(Kollikerf  Human  Microseoptc  Amitomtf), 
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oxygenated  blood  to  the  left  auricle  of  the  heart.  The  iodides  corae  together  in 
the  septa  between  the  infunJibala,  entirely  separate  from  the  small  arterial  ramifi* 
cations.  Those  which  are  near  the  surface  of  the  lung  have  an  undivided  course 
for  some  distance  and  then  either  unite  with  some  deeper  lying  vein  or  form,  with 
their  companions,  a  wide-meshed  superficial  plexus. 

The  bronchial  arteries  snpply  blood  for  the  nutrition  of  the  Inn^ :  they  djt 
derived  from  the  thoracic  aorta,  and,  accompanying  the  bronchial  tubes,  are  di»- 
triboted  to  the  bronchial  glands  and  upon  the  walls  of  the  larger  bronchial  tubes 
and  puJraonary  vessels.  Those  supplying  the  bronchial  tubes  form  a  capillary 
plexus  in  the  muscular  coat,  from  which  branches  are  given  off  to  form  a  second 
plexus  in  the  mucous  coat.  This  plexus  in  the  lobular  branchioles  is  continuoiifl 
with  that  of  the  pulmonary  artery,  and  the  blood  which  the  broncljial  artery  brings 
is  thus  carried  back  by  the  pulmonary  vein.  Others  are  distributed  in  the  inter- 
lobular areolar  tissue,  and  terminate  partly  in  the  deep,  partly  in  the  gtiperficial^ 
bronchial  veins.  Lastly,  some  ramify  upon  the  surface  of  the  lung  beneath  the 
pleura,  where  they  form  a  capillary  network* 

The  bronchial  vein  is  formed  at  the  root  of  the  lung,  receiving  superficial  and 
deep  veins  corresponding  to  branches  of  the  bronchial  artery.  It  does  not,  how- 
ever, receive  all  the  blood  supplied  by  the  artery,  as  some  of  it  passes  into  the 
pulmonary  vein.  It  terminates  on  the  right  side  in  the  vena  azygos  major,  and 
on  the  left  side  in  tlie  superior  intercostal  or  left  upper  azygos  vein.  Some  author- 
ities, especially  Zuckerkandl,  state  that,  in  other  parts  of  the  lung  than  in  the 
lobular  branchioles,  bronchial  velnH^  even  those  coming  from  the  larger  bi*onchial 
tubes^  join  more  or  less  freely  with  pulmonary  veins.  The  intercostal  arteries  give 
small  branches  to  the  surface  of  the  lung,  by  way  of  the  ligamentum  latum  pul- 
monis.    (Turner.) 

The  lympliatics  consist  of  a  superficial  and  deep  set :  they  terminate  at  the 
root  of  the  lung,  in  the  bronchial  glands. 

Nerves. — The  lungs  are  supplied  from  the  anterior  and  posterior  pulmonary 
plexuses,  formed  chiefly  by  branches  from  the  sympathetic  and  pneumogastric. 
The  filaments  from  these  plexuses  accompany  the  bronchial  tubes,  upon  which 
they  are  lost.     Small  ganglia  are  found  upon  these  nerves* 

Surface  Form. — The  apox  of  the  lung  h  situated  in  the  neck,  behind  the  interval  beture^ 
the  two  \wvnh  \\\'  im^'vn  of  the  Sterno -miii^toid.  The  height  to  wliich  it  rises  above  the  ebviclc 
varies  very  L'OB!^i<Ii'mbly,  hut  is  jurenerally  ahout  one  inch.  It  may,  however,  extend  as  much  «« 
an  lUfh  and  a  half  or  nu  inch  and  three-r|uurters,  or,  uu  the  uthcr  hainl.  it  may  s*»aivcly  projed 
ahove  the  level  of  this  banc.  In  order  to  mark  out  the  anterior  marji^in  of  the  lung,  a  line  li 
to  be  drawn  from  the  apex-point,  one  ineh  above  the  level  of  the  cbiviele,  and  rather  nearer  the 


posterior  than  the  iiiiterior  lx»rt3er  a^  the  Stemo-mastoid  niuw'le,  downwartl  and  inward 
the  sterT!f>-elavieular  articulation  and  first  piece  of  the  stennim  until  il  meets,  or  alojotE^t  metHfi, 
its  iell<>w  of  the  other  side  opposite  the  artieulation  of  the  mauubriunj  and  gladiolus.      From 
j>oiut  the  two  lines  are  to  he  drawn  downward,  one  on  either  aide  of  the  mesial  line  and 

It,  as  tar  ai*  the  ievel  of  the  articidation  of  the  fourth  eostal  eartilages  to  the  sternum*     

here  tlie  two  line^i  diver^'c  ;  the  left  is  to  Im?  drawn  at  first  passing  outward  witli  a  slight  inchoA- 
tioTi  downward,  and  (hen  taking  a  liend  downward  with  a  slight  inclination  outward  to  the  ; 
fd"  the  heart,  and  thenct^  to  the  sixth  eosto-ehoiidral  articulation.  The  direetion  of  the  ani 
horiler  of  this  part  of  the  led  lung  is  denoted  with  suflicient  awuraey  by  a  eurv^ed  line  witl,  _ 
convexity  direct eri  upward  and  outward  from  tiie  artieulation  of  the  fourth  ripht  eostal  eartilngi! 
of  the  sternum  to  the  M\\\  inteRNxstai  space,  an  ineli  and  a  half  l>ekiw  and  three-fjuart^frs  of  an 
inch  int<?mal  to  the  left  uippie.  The  continuation  of  the  anterior  border  of  the  right  lung  i» 
marked  hy  a  prolonication  of  itfl  line  from  the  level  cd'  the  fourth  cc^stal  cartilages  verdcailljr 
downward  as  tar  juh  the  sixth,  when  it  slopee  ofl'  along  the  line  of  the  sixth  eoetal  cartila^  to  iti 
artieulation  with  the  rib. 

The  lower  Ixvrder  of  the  lung  is  marked  out  by  a  slightly  curved  line  with  it8  convexity  do^ii** 
ward  from  the  articuktion  of  the  sixth  costal  cartilage  to  {{%  rib  to  the  spinous  procees  of  tiie 
tenth  dorsal  vertebra.  If  vertical  lines  are  dirawu  downwanl  from  the  nipple,  the  mid-axitlftr; 
line,  and  the  aj>ex  of  the  Sfjaoula.  while  the  arms  are  Tmm\\  from  the  sides,  they  shouKl  inteisect 
thia  convex  line,  the  first  at  the  sixth,  the  second  at  the  eighth,  and  the  third  at  the  tenth  rik 
It  will  thu8  be  Heeii  that  the  fdeura  (seenage  1 114)cxteiid8  farther  down  than  the  lung,  en  thil 
it  mav  be  wounded,  and  a  wound  \y\v?^  tnmugh  its  cavity  into  the  Diaphragm,  and  even  imuit 
the  abdominal  viscera^  without  the  lung  being  involved. 

The  posterior  border  of  the  lung  is  indicated  by  a  line  drawn  from  the  level  of  the 
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Fio.  Tll.—Thoruclc  ccmtenU  seen  l¥om  behind.    (Joesiel.) 
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prooess  of  the  seventli  cervical  vertebra,  down  either  sitle  of  rhe  spine,  corre.Hpon^liiig  to  tl 
c«j8 to- vertebral  joititH  an  l<>w  as  the  spinous  prcu'ews  of  the  truth  ihirsal  vertebra.  The  trache 
bifun^ites  opposite  tlie  spinous  proo<i8S  of  the  fourth  dursu!  vert  thru,  and  Itodi  this,  point  the  two 
bronchi  are  direeteil  outward,  the  right  one  almost  hurizontally,  the  left  with  a  eoiisidentble 
incli nation  downward. 

The  poattion  of  the  great  fissure  in  the  right  lung  may  he  indieated  by  a  line  drawn  from 
the  fourth  dorsal  vertebra  njuud  the  side  of  ihe  ehest  to  the  itnterifir  tunrnin  of  the  lunif  op^>cisit« 
the  seventh  rib,  and  the  .Hnialler  or  seeondnry  fi>t!ure  by  a  line  drawn  from  the  preceding:  where 
it  bisects  the  mid -axillary  line  to  the  junetion  of  the  fourth  eostal  lurtilti^e  to  the  sternum.  The 
great  fissure  in  the  left  luiiir  is  a  little  higher,  extending  troni  the  third  dorsal  vert  el  ira  round  tht? 
side  of  the  cheM  to  reach  tlie  anterior  murffin  of  the  lunir  opposite  the  «ixth  costal  earlilage. 

Surgical  Anatomy^ — The  lungs  may  he  woun/led  or  torn  in  three  ways:  1 1 1  By  compres- 
sion of  the  chesty  without  any  injury  Uy  the  rilis.  [2)  By  a  fraetured  rib  penetrating  the  lung. 
(3)  By  stabs,  gunshot  wonuds.  ete. 

Tlie  first  form  is  \iiTy  rare,  and  usually  ixjeurs  in  young  ehtldren,  and  affects  the  ri.Hjt  of  the 
lung — I,  e,  the  most  fixed  part — and  thus,  luiplieating  the  ^^rt^at  vessels,  is  trequently  fat^iJ.  It^ 
esact  mode  of  eausatiorj  m  iliflieuk  to  interpret.  The  probable  explanation  is  that  ininiedlately 
before  the  compression  is  applied  a  deep  mspiralion  is  tuken  aiid  the  lungs  are  fully  inflated; 
owing  then  to  spasm  of  the  glottis  at  the  moment  of  com  precision,  the  air  is  unable  to  escape 
fronj  the  lung,  which  is  not  able  to  recede,  and  const-qnently  gives  way. 

In  the  second  variety  both  the  pleura  costalis  and  pulnionalis  mnst  neeeasarily  be  injured* 
and  consecpiently  tl»e  air  taken  into  the  wounded  air-cells  may  find  it^  way  through  these  wounds 
into  the  cellular  tissue  of  the  parietes  of  the  chest.     This  it  may  do  without  eollcscting  in  the 
pleural  cavity;   the  two  layera  of  the  pleura  are  so  intimately  in  contact  tliat  the  air  passetJ 
straight  through  from  the  wounded  luoi!;  into  the  subcutaneous  tissue.    Kmphysema  eonstitute^i 
therefore,  the  most  tnipi>rtant  «5gn  of  injuiy  to  the  lung  in  ca,se8  of  fracture  of  the  ribs.      Pnea 
mothorax,  or  air  in  the  pleural  cavity,  is  much  nnu-e  likely  to  iK'cnr  in  injuries  to  the  lung  of  I 
the  third  variety,  in  w*hieh  eases  air  nasses  either  from  tlie  wound  of  tluMung  or  fritm  external  J 
wonnd  into  the  cavity  of  the  pleura  auring  the  respiratory  movements.     In  these  east\H  there 
generally  no  eniphyscma  of  the  subentaneous  tissue  unless  the  external  wound  is  stuall  and  val- 
vular, so  that  the  air  drawn  into  the  wound  during  itispiration  is  then  toned  into  the  celhiW 
tissue  around  during  expiration  Ijecauac  it  cannot  eseane  from  the  external  wound.     Oeeajsion- 
ally  in  wounde  of  the  parietes  of  the  ehest  no  air  finus  its  way  into  the  cavity  of  the  pleura, 
Wiiuse  tlie  lung  at  the  time  of  the  aceidcnt  protnides  through  the  wound  and  blocks  the  open- 
ing.    This  (K'cnrs  where  the  wound  is  large,  and  etmstitutes  one  form  of  hennn  of  the  lung. 
Another  form  of  hernia  of  the  lung  occurs,  though  very  rarely,  aflcr  wounds  of  the  ehest-wttlK 
wdien  the  wound  has  healed  and  the  eieatrix  subsequently  yields  from  the  pressure  of  the  visi"U»  i 
behind.     It  forms  a  globular,  elastic,  crepitating  swelling,  which  enlarges  during  expiratory] 
effortfit  falls  in  during  inspiration,  and  disappears  on  holiling  the  breath. 

THE  THYROID  GLAND. 

The  thyroid  gland  bears   lutich  resemblance  in  structure   to  other  glandular 

organs,   and    is    classified,   together    with    the    thymus,   suprarenal    capsules,   and 


'ijf^'',^^^^. 


Fio.  712.— Two  lohulea  from  tlie  Ibyrotd  of  uo  iiifnnt.  a,  Hmall  utauduliir  vcsIcIl**  with  thctr  eelU.  6  Th« 
gfime,  with  inclpli'iit  collulnl  ou'Umorpbtwis,  mon*  sirtrijgly  markeil  lU  c.  tl.  Cottme  lyiiipti-cantiU«  c.  Fine  mil- 
Iclei  of  Ctie  aanie,    /.  An  etrereiil  vessi'l  of  coiiAfdeniblt-  aiss*^,  — 

spleen,  nnder  the  head  of  durtiess  ^iamis,  since  when  fully  developed  it  has  nci 
excretory  duct.  From  its  situation  in  connection  with  the  trachea  and  larynx, 
the  thyroid  body  is  usually  described  with  these  organs,  although  it  takes  no  tian 


THE    THYROID    GLAND.  1123 

in  the  function  of  respiration.  It  is  situated  at  the  upper  part  of  the  trachea,  and 
consists  of  two  lateral  hhes,  placed  one  on  each  side  of  that  tube  and  connected 
together  by  a  narrow  transverse  portion,  the  kthmuit. 

Its  anterior  stirfaee  is  convex,  and  covered  by  the  Sterno-hyoid,  Stemo-thyroid^ 
and  OmO'hyoid  nanscles. 

Its  lateral  surfaees,  also  convex,  lie  in  contact  with  the  sheath  of  the  common 
carotid  artery. 

Its  poHtertor  surface  is  concave,  and  embraces  the  trachea  and  larynx.  The 
posterior  borders  of  the  gland  extend  as  far  back  as  the  lower  part  of  the  pharynx, 
and  on  the  left  aide  to  the  «rsophagus. 

The  thyroid  varies  in  weight  from  one  to  two  ounces.  It  is  larger  in  females 
than  in  males,  and  becomes  slightly  increased  in  size  during  meni^truation.  Each 
lobe  is  sotnewbat  conical  in  ,^hapt\  about  two  inches  in  length,  and  three-fjuarters 
of  an  inch  to  an  inch  and  a  rjuarter  in  breadth,  the  right  lobe  being  the  larger  of 
the  two. 

The /^f //wff 8  connects  the  lower  third  of  the  two  lateral  lobes;  it  measures 
about  half  an  inch  in  breadth  and  the  same  in  depth,  and  usually  covers  the  second 
and  third  rings  of  the  trachea.  Its  situation  presents,  however,  many  variations — 
a  point  of  importance  in  the  operation  of  tracheotomy.  Sometimes  the  isthmus 
is  altogether  wanting, 

A  third  lobe,  of  conical  shape,  called  the  pyramid^  occasionally  arises  from  the 
upper  part  of  the  isthmus  or  from  the  adjacent  portion  of  either  lobe,  but  most 
cummonly  the  left,  and  ascends  as  high  as  the  hyoid  bone.  It  is  occasionally  ijuite 
detached,  or  divided  into  two  parts,  or  altogether  wanting. 

A  few  muscular  bands  are  occaxsionally  fotmd  attached  above  to  the  body  of 
the  hyoid  bone,  and  below"  to  the  isthmus  of  the  gland  or  its  pyramidal  process. 
These  form  a  muscle  which  was  named  by  Sommerring  the  Levator  (/imuhdcf- 
tJii/roidew. 

Stmcture.^Tbe  tbyroitl  body  is  invested  by  a  thin  capsule  of  connective  tissue 
which  projects  into  its  substance  and  imperfectly  divides  it  into  masses  or  lobules 
of  irregular  form  and  size.  When  the  organ  is  cut  into  it  is  of  a  brown isb-red 
color,  and  is  seen  to  he  made  up  of  a  number  of  closed  vesicles  containing  a 
yellow  glairy  fluid  and  separated  from  each  other  by  intermediate  connective 
tissue. 

According  to  Dr.  Baber,  who  has  recently  published  some  important  observa* 
tions  on  the  minute  structure  of  the  thyroid,^  the  vesicles  of  the  thyroid  of  the 
adult  animal  are  generally  closed  cavities ;  but  in  some  young  animals  (*',  g.  young 
dogs)  the  vesicles  are  more  or  less  tubular  and  branched.  This  appearance  he 
supposes  to  be  due  to  the  mode  of  growth  of  the  gland,  and  merely  indicating  that 
an  increase  in  the  number  of  vesicles  is  taking  place^  Each  vesicle  is  lined  by  a 
single  layer  of  epithelium,  the  cells  of  which,  though  differing  somewhat  in  shape 
in  different  animals,  have  always  a  tendency  to  assume  a  columnar  form.  Between 
the  efuthelial  cells  exists  a  delicate  reticulum.  The  vesicles  are  of  various  sizes 
and  shapes,  and  C'tntain  as  a  normal  product  a  viscid,  homogeneous,  semi-fluid, 
slightly  yellowish  material  which  frequently  contains  blood,  the  red  corpuscles 
of  which  are  ftumd  in  it  in  various  stages  of  disintegration  and  ilecolorization,  the 
yellow  tinge  being  probably  due  to  the  hiemoglobin,  which  is  thus  set  free  from 
the  colored  corpuscles.  Baber  has  also  described  in  the  thyroid  gland  of  the 
dog  large  round  cells  (**  parenchymatous  cells  "),  each  provided  with  a  single  oval* 
shaped  nucleus,  which  migrate  into  the  interior  of  the  gland-vesicles. 

The  capillary  blood-vessels  forma  dense  plexus  in  the  connective  tissue  around 
the  vesicles,  betw^een  the  epithelium  of  the  vesicles  and  the  endotlielium  of  the 
lymph-spaces,  which  latter  surround  a  greater  or  smaller  part  of  the  circumference 
of  the  vesicle.  These  lymph-spaces  empty  themselves  into  lymphatic  vessels 
which  run  in  the  interlobular  cunnective  tissue,  not  uncnmmonly  surrounding  the 
arteries  which  they  accompany,  and  communicate  with  a  network  in  the  capsule 

*  **  Researches  on  tlie  Minute  Structure  of  tiie  Thyroid  Gland,"  Phil.  Tran9.j  part  in.,  1881, 
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of  the  gland.     Baber  has  found  in  the  lymphatics  of  the  thyroid  a  viscid  mate- 
rial which  is  morphologirany  identical  with  the  ooiujal  constituent  of  the  vesicle- 
Vessels  and  Nerves. — The  arteru'S  supplying  the  thyroid  are  the  superior  and 
inferior  thyroid,  nud  sometimes  an  additional  branch  (thyroidea  media   or  ima) 


Ve^cle. 


Lymphatic  veuet.^\^ 


^Arieiy. 


iVafl  of  gland'VeMcJe.  --— 

Fig.  713.— Minute  structure  of  thyroid*    From  a  tmusreTie  sectloi)  *)f  Ihc  thvrold  of  a  doy.    (6eziil-<Iia;£rmiD- 
ntfiticj    (Biiber.) 

from  the  innominate  artery  or  the  arch  of  the  aorta,  which  ascends  upon  the 
front  of  the  trachea.  The  arteries  are  reniarkiil>le  for  their  large  ^ize  and  frequent 
anastomoses.  The  imns  form  a  plexus  on  the  surface  of  the  gland  and  on  the 
front  of  the  trachea,  from  which  arise  the  superior,  middle,  and  inferior  thyroid 
veins,  the  two  former  terminating  in  the  internal  jugular,  the  latter  in  the  innom- 
inate vein.  The  ii/mpfmtieit  iire  numerous,  of  large  size,  ami  terminate  iD  the 
thoracic  and  right  lymphatic  ducts.  The  nenjea  are  derived  from  the  middle  and 
inferior  cervical  ganglia  of  the  sympathetic. 

Surgical  Anafcomy,— The  th^Toid  gknd  is  subject  to  enlargeraent,  which  is  called  goiti^ 
Thijs  may  l>e  due  to  hyjtertrophy  of  any  of  the  eoriistituents  of  the  gknd.  The  siinpleet 
(pLireuchyttiatous  troitrc)  is  due  t4)  ati  enlargement  of  t lie  follides.  ThG^fibroid  i^diic  to  incrriise 
of  the  interstitial  «ounective  tisstie.  The  egstic  is  thiit  forui  in  which  one  or  more  largt*  cy^u 
are  formed  imm  dilataiHui  and  possibly  cojdesceaee  of  iidjueeot  follicles.  The  pidsiitiiuj  fjfntrr  ii$ 
where  the  vascular  rhmi/LTs  predomitiate  ov^er  the  jtareiiehymatouH,  and  the  vessek  nf  the 
^land  are  especially  ealarired.  Finally*  there  h  Krophfhfilmie  f/^i/^r'^  (tlnives^s  disease,*,  wher^ 
there  is  jejeat  vastmlarity  and  often  pulsation^  iiceompanied  by  exophthalujc»s,  palpitation,  laid 
rapid  pulse. 

For  the  lelief  of  these  growths  various  operations  have  been  resorted  to,  such  as  ii^ection 
«:)f  tincture  of  iodine  «ir  perchloride  of  iron,  espedally  appHcahle  to  the  cystic  form  of  the  dia^^ase^ 
liKature  of  the  thyroid  arteries,  excision  of  the  isthmus,  and  extirpation  of  the  whole  or  a  poirt  _ 
of  the  piand.  This  latter  operation  m  one  of  diffi(^idty,  and  when  the  entire  gland  has  bee^^^| 
ni'inoved  the  operation  has  ix*en  followed  bv  a  eoadition  resemhlin^^  myxcedema.  In  remoria^^^l 
the  or^an  erreat  eare  must  be  taken  to  avoui  tearing  the  capsule,  as  if  this  happens  the  glaa? 
tissue  bleeds?  profusely*  The  thyroid  arteries  should  he  liiiatured  before  an  attempt  is  made  to 
remove  the  miLSs,  and  in  ligaturing  the  inferior  thyroiiU  the  ijositioii  of  the  recurrent  larynjr^ 
nerve  mast  be  bonie  in  mind,  mt  as  not  to  iuidude  it  in  the  ligature. 

THE  THYMUS  GLAND. 

The  thymus  gland  jTresents  much  resemblance  in  gtructiire  to  other  glandular 
organs,  and  is  another  of  the  organs  which  are  denominated  ducthis  glands. 

The  thymus  gland  is  a  temporary  organ,  attaining  its  full  size  at  the  end  of  the 
second  year,  when  it  ceases  to  grow,  and  gradually  dwindles,  until  at  puliertv  it 
has  almost  disappeared.     If  examined  when  its  growth  is  most  active,  it  will  be 
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found  to  consist  of  two  latenj]  l^ibes  placed  in  close  contact  along  the  middle  line, 
situated  partly  in  the  superior  mediums ti num.  partly  in  the  neck,  and  extending 
from  the  fourth  c^tstal  cartila^^e  upward  as  high  as  the  lower  border  of  the 
thyrnid  gland.  It  is  covered  by  the  sternum  and  by  the  origins  of  the  Sterno- 
hyoid and  Sterno-thyroid  muscles*  Below,  it  rests  upon  the  pericardium,  being 
separated  from  the  arch  of  the  aorta  and  great  vessels  by  a  layer  of  fascia.  In 
the  neck  it  lies  on  the  front  and  sides  of  the  trachea,  behind  the  Stern o-hyoid 
and  Sterno-thyroid  muscles.     The  two  lobes  generally  difler  in  size;  they  are 


at 
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FiQ.  714,-1-  Tpper  portion  of  the  IhvniiiH  of  a  fcptJil  pig  of  2"  In  length,  showtug  tliP  bud  like  lobuli  mid 

Slandular  t*lfini*nt«.    2.  Cells   nf  Hip  thymus,  mostly  from  ft  man.    a.  Fre«  nucleL    l>.  Small  eel  la.    c.  Liirger- 
.  Ijttrjjer.  with  oil-globules,  from  tliu  ux.    f%/ iAlla  complutply  tilled  with  iat,  at  f  without  a  nucleus,    g.h. 
Coiwentrlc!  liodles.    g.  An  entafisuhtted  nucleated  cell.    K  A  comptislte  structure  uf  a  similar  nature, 

occasionally  united  so  as  to  form  a  single  mass,  and  sometimes  separated  by  an 
intermediate  lobe*  The  I  hymns  is  of  a  pinkish -gray  color,  soft,  and  lobnlated  on  its 
surfaces.  It  is  about  two  inches  in  length,  one  and  a  liulf  in  breadth  below,  and 
about  three  or  four  lines  in  thickness*     At  birth  it  weio;hs  about  half  an  ounce* 

Stnicture. — Each  lateral  lobe  is  composed  of  numerous  lobules  held  together 
hy  delicate  areolar  tissue,  the  entire  ghinrl  being  enclosed  in  an  investing  capsule 
of  a  similar  but  denser  structure.  The  primary  lobules  vary  in  size  from  a  pin's 
head  to  a  small  pea,  and  are  made  up  of  a  number  of  small  nodules  or  follicles 
which  are  irregular  in  shape  and  are  more  or  less  fused  together,  especially 
toward  the  interior  of  the  gland.  According  to  Watney,  each  follicle  consists  of 
a  mediilhiry  and  cortical  portitm,  which  differ  in  many  essential  particulars  from 
each  other.  The  vortiral  portmn  is  mainly  composeii  of  lymph^ud  cells  supported 
bv  a  delicate  reticulum.  In  addition  to  this  reticulom,  of  which  traces  only  are 
found  in  the  medullary  portion,  there  is  also  a  network  of  finely-branched  cells 
which  is  continuous  with  a  similar  network  in  the  medullary  portion.  This 
network  forms  an  adventitia  to  the  blood-vessels.  In  the  meduUary  portion  there 
are  but  few  lymphoid  cells,  but  there  are,  especially  toward  the  centre,  granular 
cells  and  crmcentric  corpuscles.  The  granular  cells  are  rounded  or  Hask-shaped 
masses  attached  (often  by  fibrillated  extremities)  to  blood-vessels  and  to  newly- 
formed  connective  tissue.  The  concentric  corpuscles  are  composed  of  a  central 
mass  consisting  of  one  or  more  granular  cells,  and  of  a  capsule  which  is  formed 
of  epithelioid  cells  which  are  continuous  with  the  bi-anched  cells  forming  the 
network  mentioned  above. 

Each  follicle  is  surrottnded  by  a  capillary  plexus  from  which  vessels  pass  into 
the  interior  and  radiate  from  the  |>eri]Tliery  toward  the  centre,  and  form  a  second 
zone  just  within  the  margin  of  the  medullary  portion.  In  the  centre  of  the  medulla 
there  are  verv  few  vessels,  and  thev  are  of  minute  size. 
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Dr.  Watney  has  recently  made  the  important  observation  that  hfemoglobin  U 
found  in  the  thymus  either  in  cysts  or  in  cells  situated  near  to  or  forming  part 
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Fra.  715.— Minute  structurL' of  the  iliynnia  gland.     FoUiHe  of  Injected  thyimis  from  CAlf,  four  *1«y«  rAi% 
BMjtrhtly  diiiffTHmmatlc,  maeriKicd  ti^>i«nt  xidiiunitcrs,    Tht*  luree  vi'Mfelsttre  disjxj^ed  iti  two  rincit.OTi  M 

BurroiiiMts  tile  fi»IMt'lL',  the  nther  liejfi  just  within  the  margin  or  the  rnedullii.    iwatne>\)    A  ana  B. 

>.    A.  Ljift.. 


niuH  (if  tiiiriL'l,  t  xauiiui  i|  u  fthout  udniiimi  uf  imy  reagent,    Maimitit.»t  alnnit  4lNj  diiaiiift(tr>.    A.  Larv 
cell  coutainiiig  small  oviil  masses  of  haraogloturi,    Srinnlar  cells  are  fouod  In  the  lymph-i 
rnudulla  of  bonii*    B,  Cok^red  l>ltHHl-eorpnJ^rlesi. 


lymph-glands,  8|»1>j 


of  the  C(mci*ntrii!  corpuscles.     This  hsi^moglobiii   varies  from  granules  to  mil 
exactly  rL\sL'mblin;^  cohireJ  blood-corpu.sdes,  oval   in  the  bird,  reptile,  and  fisbj_ 
circular  in  all  nianimnls  except  in  the  camcL     Dr.  Watney  has  also  discovered 
in  the  lymph  issuing  from  the  thymus  similar  cells  to  those  found  in    the  gUnd 
and,  like  them,  containing  h^em<^glob^n  either  in  the  form  of  granules  or  ma^se 
From  these  facts  he  arrives  at  the  physiological  cnnclusion  that  the  thymus  is  i\\ 
source  of  the  Ci^lored  hhuid-corpustles. 

Vessels    and   Nerves, — The   arttneH  sup] living  the  thymtis  are  derived   fron 
the  iuterual  nutmiiiary  and  fiMtn  the  superior  and    inferior  thyroid.      The   vciM 
terminate  in  the  left  innumimiie   vein  ami   in  the  thyroid  veins.     The   hpnphatirg 
are  of  large  size,  arise  in  the  substance  of  the  gland,  and  are  naid  to  terminate  id 
the  internal  jugular  vein.     The  m^rve^  are  exceedingly  minute;  they  are   derive<l 
from  the  pneumngfistric  and  sympathetic.     Branches  from  the  descendens  livpo 
glossi  and  phrenic  reach  the  investing  capsule^  but  do  not  penetrate  into  the  sut 
stance  of  the  gland. 
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THE   KIDNEYS. 

THE  Kidneys,  two  in  mimber,  are  situated  in  the  back  part  nf  the  abdotnen,  and 
are  for  the  purpose  of  separating  from  the  blood  certain  materials  which, 
when  dissolved  in  a  quantity  of  water,  also  separated  from  the  blood  by  the  kid- 
neys,  constitute  the  urine. 

Tbey  are  placed  in  the  loins,  one  on  each  side  nf  the  vertebral  column,  behind 
the  peritoneum,  and  surrounded  by  a  mass  of  fat  and  loose  areolar  tissue.  Their 
upper  extremity  is  on  a  level  with  the  upper  border  of  the  twelfth  dorsal  vertebra, 
their  lower  extremity  on  a  level  with  the  third  lumbar.  The  right  kidney  is 
usually  on  a  slightly  lower  level  than  the  left,  probably  on  account  of  the  vicinity 
of  the  liver. 

The  kidneys  rest  on  the  lower  part  of  the  Diaphragm  and  the  fascia  covering 
the  Qnadratus  Inmborum  and  the  Psoas  magnus  muscles.  The  right  is  covered  in 
front  by  right  lobe  of  liver,  peritonuum  intervening,  the  descending  portion  of  the 
duodenum,  and  the  beginning  of  the  transverse  colon;  the  loft  1hi8  in  front  the  fun- 
dus of  the  stomach,  the  tail  of  the  pancreas,  and  the  descending  colon  (upper  part). 

Each  kidney  is  about  four  inches  in  length,  two  to  two  and  a  half  in  breadth, 
and  rather  more  than  one  inch  in  thickness.  The  left  is  somewhat  longtT,  though 
narrower,  than  the  right.  The  weight  of  the  kidney  in  the  adult  tnule  varies  from 
4 J  ounces  to  6  ounces,  in  the  adult  female  from  4  ounces  to  5^  ounces.  The  com- 
bined weight  of  the  two  kidneys  in  proportion  to  the  body  is  about  1  in  240. 

The  kidney  hajs  a  characteristic  form.  It  is  flat  ten  et^^nd,  presents  at  one  part 
of  its  circumference  a  hollow,  It  is  larger  at  its  upper  than  at  its  lower  extremity. 
It  has  two  surfaces,  two  borders,  and  an  upper  and  lower  extremity. 

Its  antrrkyr  surface  is  convex,  looks  forward  and  outward,  and  is  covered  by 
peritoneum.  The  upper  part  of  this  surface  on  the  right  side  is  in  contact  WMth  the 
under  surface  of  the  right  lobe  of  the  liver,  on  which  it  produces  a  slight  concave 
impression,  the  impresHio  rvnaUs  ;  below  this  the  descending  portion  of  the  dufxle* 
num  and  the  hepatic  flexure  of  the  colon  are  connected  to  this  surface,  the  former 
by  areolar  tissue  and  the  hitter  by  its  mesocolon-  On  the  left  side  the  upper  part 
of  the  anterior  surface  of  the  kicluey  (covered  by  peritoneum  of  lesser  sac)  is  in 
contact  with  the  under  surface  of  the  stomach,  and  below  this  with  the  left  extrem- 
ity of  the  pancreaa,  whilst  the  lower  part  has  anteriorly  the  splenic  flexure  of  the 
colon,  and  internally  the  last  portion  of  the  duodenum. 

The  posterior  surfaae  is  flatter  than  the  anterior,  and  is  imbedded  in  areolar 
tissue,  which  separates  it  from  the  l)i;t|ihragni  ami  from  tlie  anterior  lamella  of  the 
lumbar  fascia  covering  the  Quadratug  lumborum  and  Psoas  uiskgnus  muscle.  It  is 
also  in  relation  with  the  hist  dorsal,  ilio-inguinab  and  ilio-hypogastric  nerves. 

The  external  border  is  convex,  and  is  directed  outward  and  liackward.  On  the 
left  side  it  is  in  contact,  at  its  upper  half  or  more,  witfj  the  spleen,  and  below  with 
the  descending  colon.  On  the  right  side,  upper  two-thirds,  liver;  below,  ascending 
colon- 

The  internal  border  is  concave,  and  is  directed  forward  and  a  little  downward. 
It  presents  a  deep  longitudinal  fissure  iMiunded  by  prominent  anterior  and  poste- 
rior lip.  This  fissure  is  the  A//«wi,  and  allows  of  the  passage  of  the  vessels,  nerves, 
and  ureter. 

The  superior  extremitif,  directed  sli<:htly  inwanl  as  well   as  upward,  is  thirk 
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and  rounded,  and  is  surmounted  by  tlit-  suprarenal  capsule,  wLieh   coven 
small  ])ortion  of  tbe  anterior  surface. 

Tbe  iiifrrlor  cTtremttf/.  directed  a  little  outward  as  well  as  downward,  h 
Bmaller  and  thinner  than  the  8uj>erior.  It  extends  to  within  two  inches  of  tic 
crest  of  the  ilium. 

At  the  hilum  nf  the  kidney  the  relative  positionof  the  main  structures  pasaing 
into  and  out  of  the  kidney  is  as  follows  :  the  vein  is  in  front,  the  artery  in  the 
middle,  and  the  duct  or  ureter  behind  and  toward  the  lower  part.  By  a  knowledge 
of  these  relations  the  student  may  distinguish  between  the  right  and  left  kidney* 
The  kidney  is  to  be  laid  on  the  table  before  the  student  on  its  posterior  surface, 
with  its  lower  extremity  toward  tbe  observer — that  is  to  say,  with  the  ureter 
behniti  and  bvftjw  the  other  vessels ;  the  hihim  will  then  be  directed  to  the  side  to 
which  the  kidney  belongs. 

General  Stnicture  of  the  Kidney. — The  kidney  is  surrounded  by  a  distinct 
investment  of  fibrous  tissue  which  fi>rms  a  finn,  sntootli  eoverini;  to  the  organ.  It 
closely  invests  it,  but  can  be  easily  stripped  off,  in  doing  which,  however, 
numerous  fine  processes  of  connective  tissue  and  small  blood-vessels  are  torn 
through.  Beneath  this  coat  a  thin  wide-meshed  network  of  unstriped  muscular 
fibre  forms  an  incomjilete  covering  to  the  organ.  When  the  fibrous  coat  is  stripped 
off*  the  surface  of  the  kidney  is  found  to  be  suH>oth  and  even  and  of  a  deep-red  color- 
In  infants  fissures  extending  for  some  dei>th  may  be  seen  on  the  surface  of  the 
organ,  a  remnant  of  the  lobular  construction  of  the  glnnd-     The  kidney  is  dense 

in  texture,  but  is  easily  lacerable  by  mechanical 
force.  In  order  to  obtain  a  knowledge  of  the 
structure  of  the  gland,  a  vertical  section  must 
he  made  from  its  convex  to  its  concave  bonier. 
^^TB  *^^*^  *'*^  loose  tissue  and  fat  removed  from  around 
the  vessels  and  the  excretory  duct  (Fig,  710)* 
It  will  be  then  seen  that  the  kidney  consists  of 
a  cent  ml  cavity  surrounded  at  all  parts  but  one 
by  the  proper  kidney -substance.  This  central 
cavity  is  called  the  m/w^*  and  is  lined  bv  a  pro- 
longation of  the  fibrous  coat  of  the  kidnev, 
which  enters  through  a  longitudinal  fissure,  tfce 
fmium.  hilum  (hefioT  mentioned),  which    is  situated  at 

that  part  of  the  cavity  which  is  not  surrounded 
by  kidney-structure.  Through  this  fissure  tbe 
hi ood- vessels  of  the  kidney  and  its  excretorv 
duct  pass,  and  therefore  these  structures,  upoD 
entering  the  kidney,  are  contained  within  the 
sinus.  The  excretory  duct,  or  ureter^  after 
entering,  dilates  into  a  wide,  fininel-shaped  8ac 
n:imed  the  pvlvh.  This  divides  into  two  or  three 
tububir  divisions,  which  subdivide  into  several 
short,  truncated  branrlies  named  callres  or  in* 
fumlihihi,  all  of  which  are  contained  in  the 
central  cavity  of  the  kidney.  The  blood- ve^iseU 
of  the  kidney,  after  passing  through  the  hilum. 
are  contained  in  the  sinus  or  central  cavity,  lying  between  its  lining  n]end>raDe 
and  the  excretory  apparatus,  before  entering  the   kidney -substance. 

This  central  cavity,  as  before  mentioned^  is  surrounded  on  all  sides  except  ai 
the  hilum  by  the  substance  of  tbe  kidney,  which  is  at  once  seen  to  consist  of  two 
parts— viz.  of  an  external  granular  investing  part,  which  is  called  the  corfuat} 
portion  ;  and  of  an  internal  part,  the  methdhirt/  portion^  made  up  of  a  number  of 
dark-colored  pyramidal  masses,  with  their  bases  resting  on  the  cortical  part  and 
their  apices  converging  toward  the  centre,  where  they  form  prominent  paiitlljp 
which  project  into  tbe  interior  of  the  calices* 
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Fio.  716v— Vertical  section  of  kJdney. 
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The  cortical  substance  is  of  a  brigbt  reddbh-brown  color,  soft,  granular,  and 
easily  lacerable.  It  is  found  every whure  immediately  beneath  the  capsule,  and  is 
aeen  to  extend  in  an  arched  f<jnn  over  the  ba^se  of  each  medullary  pyramid.  Tbe 
part  separating  the  sides  of  any  two  pyramids  through  which  the  arteries  and 
nerves  enter,  and  the  veins  and  lymphatics  emerge,  from  the  kidney,  is  called  a 
cortwal  cftlumn  or  column  of  B*Tttn  (a,  a',  Fig*  716);  wliilst  that  portion  which 
stretches  from  one  cortical  column  to  tbe  next,  and  intervenes  between  the  base  of 
the  pyramid  and  the  capsule  (marked  by  the  dotted  line  from  A  to  a'  in  Fig.  710), 
is  called  a  eortiral  arch,  the  depth  of  which  varies  from  a  third  to  balf  an  inch. 

The  meduUanj  substance,  as  before  stated,  is  seen  to  consist  of  pale  red- 
colored,  striated,  conical  masses,  the  pyramids  of  Malpighu  tbe  number  of  which, 
varying  from  eight  to  eighteen,  correspond  to  the  number  of  lobes  of  which  the 
organ  in  the  fdetal  9,i'Ate  is  composed.  The  base  of  each  pyramid  is  surrounded 
by  a  cortical  arch,  and  directed  towanl  the  circumference  of  tbe  kidney  ;  the  sides 
are  contiguous  with  the  cortical  columns;  whilst  the  apex,  known  as  the  papilla 
or  inammilht  of  the  kidney,  projects  into  one  of  the 
calices  of  the  ureter,  one  calyx  receiving  two  or  three 
papillpe. 

These  two  parts,  eorticaJ  vLnd  ?fiedulfaty,  so  dissimilar 
in  appearance^  are  xery  similar  in  structure,  being 
made  up  of  urinary  tubes  and  blood-vessels  united  and 
bnund  t<igether  by  a  connecting  matrix  or  stroma. 

Minute  Anatomy.— The  tubnU  urinifen^  of  which 
tbe  kidney  is  for  the  most  part  made  up,  commence  in 
the  cortical  portion  of  the  kidney,  and,  after  pursuing 
a  very  circuitous  course  through  the  corticsd  and  med- 
ullary parts  of  tbe  kidney,  finallv  terminjtte  at  the 
apices  of  the  Mal(ughian  pyramids  by  open  moiuhs 
(Fig.  717)*  so  that  the  fluid  which  they  contain  is 
emptied  into  the  dilated  extremity  of  the  ureter  con- 
tained in  the  sinus  uf  the  kidney.  If  the  surface  of 
one  of  the  papilhc  is  examined  with  a  lens,  it  will  be 
seen  to  be  studded  over  with  a  niimher  of  small  depres- 
sions from  sixteen  to  twenty  in  number,  and  in  a  fresh 
kidney,  upon  pressure  being  made,  fluid  will  he  seen  to 
exude  from  these  depressions.  They  are  theoriticeg  of 
the  tubuli  uriniferi,  which  terminate  in  this  situation. 
They  commence  in  the  cortical  portion  of  the  kidney 
as  the  3fttfpf*fhian  hodtes,  which  are  small  rounded 
masses,  varying  in  size,  but  of  an  average  of  about 
y4ir  ^^  ^^  ^^^^  1^  diameter*  They  are  of  a  deep-red 
color,  and  are  f  )und  only  in  the  cortical  portion  of  the 
kidney.  Each  of  these  little  bodies  is  composed  of  two 
parts — a  central  glome  nil  us  of  vessels,  called  a  Mai- 
pif^hian  tuft^  and  a  membranous  envelope^  the  Mai- 
piqhian  capsult\  or  rnpsnle  of  Bowman^  which  latter  is 
a  small  pouchdike  commencement  of  a  urinifcroustubule. 

The  Malpighian  tuft^  or  vascular  glonierulris,  is  a  network  of  convoluted 
capillary  blood-vessels  held  together  by  scanty  connective  tissue  and  grouped  into 
from  two  to  five  lobules.  This  capillary  network  is  derived  from  a  small  arterial 
twig,  the  afferent  t'ensel^  which  pierces  the  wall  of  the  capsule,  generally  at  a  point 
opposite  that  at  which  the  latter  is  coniieeted  with  the  tube  ;  and  the  resulting 
vein,  the  efferent  veti^sely  emerges  from  the  capsule  at  the  same  point  The  afferent 
vessel  is  usually  the  larger  of  the  two  (Fig.  718).  The  Malpi(fhian  or  Bowman  s 
eapsuh\  which  surrounds  ibe  glomerulus,  is  f(:irmed  of  a  hyaline  membrane  sup- 
ported bv  a  small  amount  of  connective  tissue  which  is  continuous  with  the  con- 
nective  tissue  of  the  tube.     It  is  lined  on   its  inner  surface  by  a  layer  of  S(|ua- 


Fro.  717.— A.  A,  MHlpiphUn 
bodlt!S.  fi,  B.  Margin  of  luedutlur)* 
fltrnctufe,  c'  V.  c.  I^hjp^  nf  Heiile. 
I*.  l\  t>.  i^tniljfht  lube*  cut  ott".    e. 

Ti.'rrainatin.n  of  strni^ht  lube. 
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mous  epithelifil  cells  which  are  reflected  from  the  lining  membrane  on  to  the 
glonieruhis  at  the  point  of  entrance  or  exit  of  the  afferent  and  efferent  vesseLi. 
The  whole  surface  of  tlie  glomendus  is  covered  with  a  continuous  layer  of  the 
same  cells  on  a  delieate  8n[»porting  menibmne,  which  with  the  cells  dips  in  between 
the  h^b tiles  of  the  glomerulus,  elosely  surrounding  them  (Fig.  719).  Thus,  between 
the  glomerulus  and  the  capsule  a  space  is  left,  forming  a  cavity  lined  by  a  con- 


Fio,  718,— Minute  structure  of  kidney. 


kio,  719.— MatpiKhfiLu  body. 


tintious  layer  of  cells,  which  varies  in  size  according  to  the  state  of  secretion  und 
the  amount  of  fluid  present  in  it.     The  cells  are  squamous  or  flattened. 

The  tubuli  uriniferiy  commencing  in  tlie  Malpighian  bodies,  in  their  coarse 
present  many  changes  in  shape  and   direction,  and  are  contained   partly  in  the 
medulhiry  iind  partly  in  the  cortical  portions  of  the  organ.    At  their  junction  with 
the  llalpighian  capsule  they  present   a  somewhat  constricted  portion    which  is 
tcrtned  the  neck.     Beyond  this  the  tube  becomes  convoluted,  and  pursues  a  con* 
.sjderable  course  in  the  cortical  structure,  constituting  the  proriinal  coHvoiut^d 
tiiht\      After  a   time   the  convolutions   disappear,   and   the  tube  approaeheft  the 
medullary  portion  of  the  kidney  in  a  more  or  less  spiral  manner.     This  section  of 
the  tube  has  been  called  the  Mpinf!  fuhe  of  Sefiaehofca.     Throughout  this  portion 
of  their  course  the  tobuli   uriniferi  have  been  contained  entirely  in    the  cortical 
structure,  anil  have  presented  a  pretty  uniform  calibre.      They  now   enter  the 
mcdyllary  [lortion,  antl  suddenly  become  much  smaller,  quite  straight  in  direction, 
and  dip  down  for  a  variable  depth  into  the  pyramids,  constituting  the  dr»f*rHJin^ 
limh  of  Hetilf-'s  loop.     Bending  on  themselves,  they  form  a  kitnl  of  loop,  the  io{f 
f'f   HenJe^  and,    reascending,    become    suddenly    enhirged    and    again    spiral   in 
direction,  forming  the  ftacenJinf/  ifmh  of  Henley  loop,  and   re-enter  the   cortictl 
structure.     This   ]*ortion   of  the   lube   does    not   present  a   uniform    calibre,  bnt 
becomes  narrower  us  it  ascends  and  irregular  in  outline.     As  a  narrow  tube  it  now 
is  found  in  the  cortex  along  the  medullarf/  raif  jjud  ascends  for  a  short  distance, 
when  it  again  becomes  dilated,  irregular,  and  angular,  and  leaves  the  medullary 
ray   to  enter  the  itibj/rtftth  of  the  cortex.     This  section  is  termed  the  trretfular 
ttihitJe  ;  it   terminates   in  a  convoluted  tube  which  exactly  resemljles   the  proximal 
convoluted  tuliule,  and  is  called  the  distal  convuiuttd  ttihuh'.     This  again  terminates 
in  a  narrow  eurnd  or  junctional  lid^t\  which  enters  the  straight  or  collecting  tube. 

Each  fitraight,  otherwise  called  a  eofh'etituj  or  receivings  tube  commences  bv  a 
small  orifice  on  the  summit  of  one  of  the  papilhis,  thus  opening  and  discliarginjt 
its  contents  into  the  interior  of  one  of  the  calices.  Traced  into  the  substance  «»f 
the  pyramid,  tliese  tubes  are  found  to  run  from  apex  to  base,  dividing  dichotoniuuslt 
in  their  course  and  slightly  diverging  from  each  other.  Thus  dividing  and  sub- 
dividitig.  they  reach  the  base  of  the  pyramid,  and  enter  the  cortical  structurr 
greatly  increased  in  number.  Upon  entering  the  cortical  portion  they  continues 
straight  course  for  a  variable  distance^  and  are  arranged  in  groups  called  medulloff 
rai/8^  several  of  these  groups  corresponding  to  a  single  pyramid.      The  tubes  in  the 
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centre  of  the  group  are  the  longest,  and  reach  almost  to  the  surface  of  the  kidney, 
while  the  external  ones  are  shorter,  and  advance  only  a  short  distance  into  the 


£^a^     eolkding 

luted  i 

tubuit. 


^  Mmle't  loop*  / 


Fio.  720.— Urlnlferous  tube.    For  the  sake  of  clearness  the  epithelial  cells  have  been  represented  more 
highly  magnified  than  the  tubes  in  which  they  are  contained. 

cortex.  In  consequence  of  this  arrangement  the  cortical  portion  presents  a  number 
of  conical  masses,  the  apices  of  which  reach  the  periphery  of  the  organ,  and  the 
bases  are  applied  to  the  medullary  portion.  These  are  termed  the  pyramids  of 
Ferrein.  As  they  run  through  the  cortical  portion  the  straight  tubes  receive  on 
either  side  the  curved  extremity  of  the  convoluted  tubes,  which,  as  stated  above, 
commence  at  the  Malpighian  bodies.  The  portions  of  the  cortex  between  the 
medullary  rays  are  known  as  the  labyriiith  of  the  cortex. 

It  will  be  seen  from  the  above  description  that  there  is  a  continuous  series 
of  tubes  from  their  commencement  in  the  Malpighian  bodies  to  their  termina- 
tion at  the  orifices  on  the  apices  of  the  pyramids  of  Malpighi,  and  that  the 
urine,  the  secretion  of  which  commences  in  the  capsule,  finds  its  way  through 
these  tubes  into  the  calicos  of  the  kidney,  and  so  into  the  ureter.  To  recapitulate : 
the  tube  first  presents  a  constricted  portion,  (1)  the  neck.  2.  It  forms  a  wide 
convoluted  tube,  the  proximal  convoluted  tube.  3.  It  becomes  spiral,  the  spiral 
tubule  of  Schachoiva.  4.  It  enters  the  medullary  structure  as  a  narrow,  straight 
tube,  the  descending  limb  of  Henles  loop,  5.  Forming  a  loop  and  becoming 
dilated,  it  ascends  somewhat  spirally,  and,  gradually  diminishing  in  calibre, 
again  enters  the  cortical  structure,  the  ascending  limb  of  Henles  loop,  6.  It  now 
becomes  irregular  and  angular  in  outline,  the  irregular  tubule,  7.  It  then  becomes 
convoluted,  the  distal  convoluted  tubule,  8.  Diminishing  in  size,  it  forms  a  curve, 
the  curved  tubule.  9.  Finally,  it  joins  a  straight  tube,  the  straight  collecting  tube^ 
which  is  continued  downward  through  the  medullary  substance  to  open  at  the  apex 
of  a  pyramid. 

The  Tubuli  Uriniferi :  their  Structure. — The  tubuli  uriniferi  consist  of  base- 
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raent  merabraoe  lined  with  ejiitheliiim.  The  epitheljum  varies  considerablv  m 
diflereat  sections  of  the  urinifenms  tubes.  In  the  neck  the  epithelium  is  con- 
tinuous with  that  lining  the  Malpighian  capsule,  and,  like  it,  consists  of  flattene^J 
cells  with  an  oval  nucleus  (Fig.  720  a).  The  cells  are,  however,  very  indistinct  anj 
difficult  to  trace,  and  the  tube  has  here  the  appearance  of  a  simple  basement 
meiubrane  unlined  by  epithelium.  In  the  proximal  convoluted  tubule  and  tie 
spiral  tubule  of  Schachuwa  tfie  epithelium  is  polyhedi^al  in  shape,  the  sides  i»f  the 
cells  not  being  straight,  but  fitting  into  each  other,  and  io  some  animals  so  fused 


Fig.  T21.'— UingUtnUiml  section  of  Hcnle's 
descendlrii^  lJmb«  a,  Membrana  pruprln,.  b* 
Eiiithelium, 


Fia  722.— I>3npUti(3inal  i^ectlon  of  «ti5 
tube.  a.  Cylindrical  or  cubical  epithet 
b,  Membrana  propria. 


together  that  it  is  impossible  to  make  out  the  lines  of  junction.  In  the  hiimS? 
kidney  the  cells  often  present  an  angular  projection  of  the  surface  next  the  base* 
ment  membrane.  These  cells  are  ma<Ie  up  of  more  or  less  rod-like  fibres,  vihich 
rest  by  one  extremity  on  the  basement  membrane,  whilst  the  other  projects  towani 
the  lumen  of  the  tube.  This  gives  to  the  cells  the  appearance  of  distinct  stria ihiii 
(Heidcnhain)  (Fig.  720  b).  In  the  descending  limb  of  llenle's  loop  the  epithelium 
resembles  tliat  found  in  the  Malpighian  capsule  and  the  commencement  of  the  tube. 
consisting  of  flat  transparent  epithelial  plates  with  an  oval  nucleus  (Figs*  720  x. 
721).  In  tiie  ascending  limb,  on  the  other  hand,  the  cells  partake  more  of  the 
character  of  those  described  as  existing  in  the  proximal  convoluted  tubule,  beinf 
polyhedral  in  shape  and  presenting  the  same  appearance  of  striation.  The 
nitcleus,  however,  is  not  situated  in  the  centre  of  the  cell,  but  near  the  lumeo 
(Fig.  720  r).  After  the  ascending  limb  of  Flenle's  loop  becomes  narrower  upon 
entering  the  cortical  structure,  the  striation  appears  to  be  confined  to  the  oattr 
part  of  the  cell  :  at  all  events,  it  is  much  more  distinct  in  this  situation,  the 
nucleus,  which  appears  flattened  and  angnlar,  being  still  situated  near  the  lumen 
(Fig.  720  d).  In  the  irregular  tubule  the  cells  undergo  a  still  farther  change. 
becoming  very  angular,  and  presenting  thick  bright  rods  or  markings,  which 
render  tlic  striation  much  more  distinct  than  in  any  other  section  of  the  urinafT 
tuliules  (Fig.  720  h).  In  the  distal  convoluted  tubule  the  epithelial  cells  are  long 
in  shape,  are  highly  refractive,  and  their  nuclei  are  comparatively  large.  In  oiher 
respects  they  resemble  those  in  the  proximal  convoluted  tubule  (Fig.  720  b).  In 
the  curved  tnbule,  just  before  its  entrance  into  the  straight  collecting  tube,  the 
epithelium  varies  greatly  as  regards  the  shape  of  the  cells,  some  being  afigokr 
with  short  processes,  otliers  spindle-shaped,  others  polyhedral  (Fig-  720  e). 

In  the  straight  tubes  the  epitlielium  is  more  or  less  columnar  ;  in  its  papillarr 
portion  the  cells  are  distinctly  columnar  and  transparent  (Figs.  722,  723),  but  if 
the   tube   approaches  the   ctu'tex    the  cells   are  less   uniform  in  shape ;   sotnc  arp 
polyhedral,  and  others  angular  with  short  proceaaea  (Fig.  720  F  and  o). 
*  From  the  llattdbtjok  for  the  Phymologioid  Laboraimy, 
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Tlie  Renal  Blocd-Tassels, — The  kidney  is  plentifully  Bupplied  with  blood  by 
the  rennl  artery*  a  large  offsel  of  the  abdominal  aorta.     Previously  to  entering 


0 


Fig.  723.— Transvei^c'sc*eti<ni  iM  i-,  itiui'iin -I'-.-i  ii- '  -.  k.'h.^  .    -.  j.u,  l..,    ■. *  .-c-^Jii  of  which  are  injeclert. 

d,  I^rge  eoUeotintf  tube  cat  across,  lined  ysixh  cyhadriciil  epitheliuin.  b,  Br»ncb  of  collecting  tube  cut  Acro**, 
lined  with  fpllheliiiin  with  ehorter  cylinders,  c  ftod  d,  Heule's  looji©  cut  acroaa.  e.  Blood* veascls  cut  Across, 
ji.  Cunnt'Ctive -tissue  grroundsubstance. 

the  kidney,  each  artery  divides  into  four  or  five  branches,  which  are  distributed 
to  its  substance.  At'thehilura  these  branches  lie  between  the  renal  vein  and 
ureter,  the  vein  being  usually  in  front,  the  ureter  behind.  Each  vessel  gives 
off  some  small    branches   to  the  suprarenal   capsules,    the  ureter,  and   the   sur- 
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Flo*  724.-I}iAgramiiiatieai  sketch  of  kidney.  Fro.  72&,— A  portion  of  Fig.  33  enlarged,    (The 

references  are  the  uLme.) 

A.  n.  Proper  rena!  artery  and  vein,  the  former  flrtvlnp  off  the  renal  aferetits^  the  latter  receivinK  the  reual 
eflerente.  B,  ft.  Inberlobular  artery  and  vein,  the  hitter  comrfienriiig  fmm  the  stelliite  veins,  wnd  rt c<;hlng 
bmtK'h*^  ITrom  the  plexus  around  the  tubuli  eontorti,  ihe  fonuer  M[iving  oH  renal  airt-rent*,  c.  Strai^'ht  tutte.sur- 
rounded  by  tubuli  contorti.  with  which  it  communleiite-s,  as  mcire  fiilly  shown  in  Fig.  586.  d.  Margin  of  medul- 
lary substance  e  >:,  k.  Receiving  tubes  cut  off.  k,/.  Arteriolajet  venae  rect«,  the  latter  arising  from  (Gj  the 
plexus  at  the  medullary  apex, 

rounding  cellular  tissue  and  muscles.  Frequently  there  15  a  second  renal  artery, 
which  is  given  off  from  the  abdominal  aorta  at  a  lower  level,  and  supplies  the 
lower  portion  of  the  kidney.  It  is  termed  the  mferior  rcnaf  urten/.  The 
branches  of  the  renal  artery  whilst  in  the  sinus  give  off  a'  few  twigs  for  the 
nutrition  of  the  surrounding  tissues,  and  terminate  in  ihe  arterio!  propria  7%'7ial€s, 
which  enter  the  kidney  proper  in  the  columns  of  Bertin*  Two  of  these  pass 
to  each   pyramid   of  Malpighi  and    run   along   its    sides    for    its    entire    length, 
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Fjfj.  7ifi.— Dlaiframnitttk^  repiv«i*ntatioii 
of  t  lie  blood' voiM'ls  ill  the  eubetimct*  of  the 
cortex  of  the  kidney,  m.  Region  of  the 
njedullnry  my.  6.  Regioa  of  thL'  lortuoua 
prurthiii  of  the  tubules,  ni,  Arteria  Iiiter- 
Inbularis.  ti,  Venn  iiiterlobuhiriiB,  va.  Viifl 
affi'Tviu*.  i7/.  Ghjraenihis.  tw,  Vos  efTereas. 
»■=,  Vetiems  t« iyj  (^f  the  iiiterlabuliirls.  (From 
Liidwi^,  In  Strieker's  Handbook.) 


giving  off  as  they  advance  the  afferent  vessels  of  the  Malpigbian  bodies  in 
the  columns.  Having  arrived  at  the  bases  of  the  pyraraids.  they  make  a  bend 
in  their  course,  so  as  to  lie  between  the  bases  of  the  pyramids  and  the  cortical 
arches,  where  they  break  up  into  two  distinct  sets  of  branches  devoted  to  the 
supjdy  of  the  remaining  portions  of  the  kidney. 

The //r«(  sety  the  interlobular  ajierirs  (Figs.  724,  725  d),  are  given  off  at  right 

angles  from  the  side  of  the  arte  rite  propriae  re- 

nales  looking  toward  the  cortical  substance,  and. 

panning  directly  outward  between   the  pyramids 

of  Ferrein,  they  reach  the  capsule,  where  they 

terminate  io  the  capillary  network  of  this  part. 

In   their  outward   course   they  give    off  lateral 

branches;  these  are  the  afferent  vessels  for  the 

Malpighian  bodies  {see  page  1130),  and,  having 

pierced  the  capsule,  end  in  the  Malpighian  tuft«, 

ih;^am^^^l^^^\>{  \  n       From  each  tuft  the  corresponding  renal  efferent 

j  "^^H^H^HkU  L//\       arises,   and,    having   made  its   egress    from    the 

■      ^IPBH^hIIi  1  V       c^pf^itle  near  to  the  point  where  the  afferent  ves*- 

I      ^H^^^       Vf-^li        *^^'   entered^   anastomoses    with   other    efferents 

■  ^^^^  J]  Ty      from   other    tufts,   and   contributes    to    form   a 

■  ^       dense  venous  pkruM  around  the  adjacent  urin- 
ary tubes  (Fig,  726). 

The  set'ond  set  of  hraneheif  from  the  arteriae 
propise  renales  are  for  the  supply  of  the  tnc^dul- 
lary  pyramids,  which  they  enter  at  their  bases; 
and,  passing  straight  through  their  substance 
to  their  apices,  terminate  in  the  venous  plex- 
uses found  in  that  situation.  They  are  called  the  arterioles  rectCB  (Figs.  724, 
725  f).  ^ 

The  Renal  Veins  arise  from  three  sources — the  veins  beneath  the  capsule,  the 
plexuses  aroun<l  the  tubuli  contorti  in  the  cortical  arches,  and  the  j  ilex  uses  situated 
at  the  apices  of  the  pyramids  of  Malpighi.  The  veins  beneath  the  capsule  are 
stelhite  in  arrangement,  and  are  derived  from  the  ea|iilhiry  network  of  the  capsule, 
into  which  the  terminal  branches  of  the  interlobular  arteries  break  up.  These 
join  to  fcjrm  the  vena'  interiobulares,  which  pass  inward  betfrem  the  pyramids  uf 
Ferrein,  receive  brandies  from  the  [ilex uses  around  the  tubuli  contorti,  an«l 
having  arrived  at  the  bases  of  the  Malpighian  pyramids,  join  with  the  vense  rectie, 
next  to  be  described  (Figs.  724,  725  b). 

The  Veuce  Ret'tee  are  branches  from  the  plexuses  at  the  apices  of  the  medullary 
pyramids,  formed  by  the  terminations  tif  the  arteriobe  rectae.  They  pass  outward 
in  a  straight  course  between  the  tubes  of  the  medullary  structure,  and  joining,  as 
above  stated,  the  vente  interlobidares,  form  the  proper  renal  veins  (Figs.  724, 725,0- 

These  vessels,  Verne  Propri<r  Retiales,  accompany  the  arteries  of  the  same  name, 
running  along  the  entire  length  of  the  sides  of  the  [lyramids  ;  and,  having  received 
in  their  course  the  efferent  vessels  from  the  Malpighian  bodies  in  the  cortical 
structure  adjacent,  quit  the  kidney  substance  to  enter  the  sinus.  In  this  cavity 
they  inosculate  with  the  corresponding  veins  from  the  other  pyramids  to  form  the 
renal  i^eiHy  which  emerges  from  the  kidney  at  the  hilum  and  opens  into  the  inferior 
vena  cava,  the  left  being  longer  than  the  right,  from  having  to  cross  in  front  of 
the  abdominal  aorta. 

Nerves  of  the  Kithmf. — The  nerves  of  the  kidney,  although  small,  are  about 
fifteen  in  number.  They  have  small  ganglia  developed  upon  them,  and  are  derived 
from  the  renal  plexus,  which  is  formed  by  branches  from  the  solar  plexus,  the 
lower  and  outer  part  of  the  semilunar  ganglion  and  aortic  plexus,  and  from  the 
lesser  and  smallest  splanchnic  nerves.  They  communicate  with  the  spermatic 
]>lexus,  a  circumstance  which  may  explain  the  occurrence  of  pain  in  the  testicle  in 
affections  of  the  kidney.    So  far  as  they  have  been  traced,  they  seem  to  accompany 


the  renal  artery  anil  its  branches,  but  their  exact  mode  of  termination  is  not 
known. 

The  h/mphtnics  consist  of  a  superficial  and  deep  set  which  terminate  in  the 
lumbar  glandi!;. 

(*onHt'r(tve  Tiamte,  or  Intertuhuhir  Stroma, — ^Although  the  tubules  and  vessels 
art*  closely  packed,  a  certain  small  amount  of  connective  tissue,  continuous  with 
the  capsule,  binds  them  firmly  together.  This  tissue  was  first  described  by  Goodsir, 
and  subsequently  by  Bowman.  Liidwig  and  Zawarykin  have  observed  distinct 
fibres  passing  around  the  Malpigbian  bodies,  and  Henle  has  seen  them  between 
the  straight  tubes  composing  the  medullary  structure. 

Surface  Form. — The  kidneys,  hemg  situated  at  the  back  part  of  the  abfloniinal  canty  and 
deet>ly  i>laeed,  tuatjot  he  i'eU  unless  enlarsi^ed  or  misplaced.  They  are  situated  on  the  cunfiues 
of  the  cpifastric  ami  umbilical  regions  iatcnmlh\  wuh  the  1iyp«»ehondriac  and  lumbar  regions 
exteraaliy.  Tlic  left  is  souitjwhat  higher  than  the  right.  Awordiag  to  Morris,  the  position  of 
the  kidney  may  bv  thus  defined:  Anteriorhi :  *' 1.  A  horizontal  hae  throuji'h  the  imihilieus  is 
below  the  lower  edge  of  each  kidney.  2,  A  vertical  liae  carried  upward  to  the  c<jstal  hyAi  from 
the  middle  of  Poupiirt's  hgaiiieat  has  otie-third  of  the  kidney  to  its  outer  side  and  two-thirds  to 
its  inner  side — l  *'.  I>eiween  this  line  aad  the  medifln  line  of  the  Itody/'  In  adopting  these  lines 
it  nuLst  be  birne  m  niinJ  thattlie  itxes  of  die  kidneys  are  not  vertical,  but  oblique^  and  if  con- 
tinued upwanl  would  meet  al>out  the  ninth  d^jrsal  vertebra,  Pmfrriorhf :  The  tipper  end  of  the 
left  kidney  would  be  defined  by  a  line  drawn  horizootally  outward  from  the  spinous  process  of  the 
eleventh  dorsal  vertebra,  and  its  lower  end  by  a  point  two  inehes  above  the  iiiae  ea^st.  The  right 
kidney  would  be  half  t-o  tliree-^piarters  of  an  iueh  lower.  Morris  lays  down  the  following  rales 
for  indii^atiuf  the  position  of  the  kidney  on  tlie  posteri«jr  surfaee  ol'  the  body  :  *M.  A  line  par- 
allel with,  and  one  inch  from,  the  spine,  between  the  lower  edge  of  the  tip  of  the  spinous  pro- 
eess  I  if  the  eleventh  dorsal  vertebra  and  the  k>wer  edge  of  the  spinous  process  lA  the  third 
lanilnir  vertebra.  2.  A  line  frtm»  tlie  top  of  tliis  first  line  oiitwanl  at  right  angles  to  it  for 
"li  inches,  :i.  A  line  from  the  lower  end  of  the  first  transversely  ontwiird  for  2j  inehes,  4,  A 
fine  parallel  to  the  first  and  e^jnnetUing  the  outer  extremities  of  the  second  and  third  lines  just 
described/* 

The  hilum  of  the  kidney  lies  about  two  inches  from  the  middle  line  of  the  hack,  at  the  level 
of  the  sjiinons  process  of  the  first  lumbar  vertebra. 

Surgical  Anatomy. — ^The  kidney  is  imhedded  in  a  large  quantity  of  loose  fatty  tissue,  and 
ia  hut  sliglitly  eovered  by  peritoneum  :  hence  rapture  of  this  organ  is  not  nearly  so  serious  an 
accident  IIS  rupture  of  the  hveror  spleen,  since  the  extravasation  of  blrnxJ  ami  arine  which 
follows  is  outside  the  peritoneal  eavity.  (Jcca^ionally  the  kidney  may  be  bruised  by  blows  in  tlie 
loin  or  by  being  eoninressed  between  the  lower  ribs  and  the  iliain  when  the  bofly  is  violently  Wnt 
forward.  This  is  ibllowed  by  a  little  transient  lia^iaaturia*  whieht  however,  sf^eedily  passes  off. 
Oeeasit>nally^  when  rupture  involves  the  i>elvis  of  tlie  kidney  or  the  coaimcncement  of  the  ureter, 
this  daet  may  become  blocked,  and  hydronephri>sis  follow. 

The  loovse  cellular  tissue  around  the  kidney  maybe  the  st^at  of  suppurjition,  constituting 
pi'ritipphn'tic  ttftHass.  This  uiiiy  be  due  to  injur>%  to  disease  of  the  kidney  itself,  or  to  extension 
of  intfammatioa  fnmi  neighboring  parts.  It  may  burst  iiUo  the  pleura,  eonstitutin«;  emryema; 
into  the  colon  or  bbdder;  or  nitiy  point  cxtcrnaUy  in  the  grr>in  or  loin,  Tauiors  of  the  kidney, 
of  which,  peril  a  OS.  S5m_*oma  in  children  is  the  most  commcmT  may  be  recognized  by  their  position 
and  fixity ;  by  the  resjinant  colon  lying  in  front  of  it ;  by  their  not  moving  with  respimtion  ;  and 
by  their  rounded  <>ntline,  not  presenting  a  notched  anterior  nuirgin  like  the  spleen^  with  which 
they  are  most  likely  to  be  confounded.  The  examination  of  the  kidney  should  be  bimanual ; 
that  is  to  say,  one  liand  should  be  placed  in  the  flank  and  firm  pressure  made  forward,  while  the 
other  hand  is  buried  in  the  abdominal  wait  just  external  to  the  semilunar  line.  Manipulation  uf 
the  kidney  fre<pientiy  produces  a  peculiar  sickening  sensiition,  with  sometimes  fiintness. 

The  kidney  is  mainly  held  in  pusltion  by  the  mass  of  fatty  mutter  in  which  it  is  iml)edded 
and  over  which  the  peritonenni  is  stretched.  If  this  tatty  matter  is  loose  or  lax  or  is  absorbed, 
the  kidney  may  bc?c*omo  movable  and  may  give  ri.se  to  great  pain.  This  condition  ot^eurs,  there- 
fore, in  badly- nourished  people  or  in  thost*  who  have  beeonie  emaciated  fn^n  any  cause,  and  is 
more  common  in  women  thim  in  men.  It  mast  not  Ije  cunfounded  with  thi^ JftKitinf/ kidney :  this 
is  a  congenital  condition  due  to  the  development  of  a  mcso-nephron,  which  permits  the  or^ran  to 
move  more  or  less  ireely.  The  two  conditions  cimnot,  however,  be  distinguished  until  the 
abdomen  is  opened  or  the  kidney  explored  from  the  loin. 

The  kidney  has^  of  late  years,  been  fre<iuently  the  seat  of  surgical  interference.  It  may  be 
exposed  for  explurafioa  or  the  evacuation  of  pus  (nephrotomy};  it  may  l:»e  incised  for  the 
removal  of  stone  ( nephro-lithotoray) ;  it  may  be  sutured  when  movable  or  floating  (nephrorraphy ) ; 
or  it  may  be  removed  {nephrectomy). 

The  kidney  mav  be  exposed  either  by  a  lumbar  or  abilominal  incision.  The  lumbar  opera- 
tion is  the  one  whieli  is  generally  adopted,  unless  in  cases  of  ver}"  large  tumors  or  of  wandering 
kidneys  with  a  Itwso  meso- nephron,  on  account  t>f  the  advantages  which  it  j>ossesses  of  not 
o]iening  the  peritoneum  and  of  affording  admindjle  drainage.  It  may  l>e  perfornie^l  either  by 
an  obli(|ue,  a  vertical,  or  a  transverse  incision.     Perhaps  the  preferable,  as  affording  the  Injst 
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means  for  ex[)loring  the  whole  surraec  of  the  kidney,  is  tin  iii(*ision  from  the  tip  of  the  laa!  rit) 
backward  to  the  edpe  of  tlie  Erector  spinn?.  This*  imnsi<>n  must  not  be  fjitit^  parallel  to  the  rib, 
hiu  its  posterior  end  must  he  at  leaj^t  threeHjiiiirters  of  mu  inch  tielow  it*  (est  the  pleura  Ic 
\vi  HI  n  ( le  d .  Th  is  eu  t  i  s  q  iii  te  s  uffici  en  t  lor  a  n  ex  p  loruli  on  o  f  t  h  e  origan .  S  h  ordd  i  t  req  ii  i  re  re  moral, 
El  vertical  incision  e^in  he  made  finwiiward  to  the  ere.st  of  the  ihunu  along  the  outer  border  of  the 
Qnadratus  lutnlxirunL  The  structures  divided  :*re  the  skin,  the  supertieial  fa^icia  with  the 
eutsmeous  nerves!,  the  deep  fancia,  ihc  posterior  border  of  the  External  obli^jue  muscle  of  the 
lihdoinen,  and  the  outer  border  of  the  LatisisiniUH  tlorsi  ;  die  Internal  ohlinite  and  the  posterior 
aponeiirot^is  of  the  Transver-Sidia  inusele  ;  the  outer  border  of  the  Ouadratns  lumboruni,  an<l  ihr 
deep  layer  of  the  tmin^sversuilia  a]:H7neiirosls*  and  the  tmnsversidia  fascia.  The  fatty  tiss^^ie 
around  the  kidney  is  now  exposed  to  view,  arid  miist  be  separated  by  the  fingers  or  a  director  m 
order  to  reach  the  kiilney. 

The  abdominal  o|>emtinn  is  best  pcrtbrmed  by  an  incision  in  the  hnea  semilunari.s  on  the 
side  of  the  kidney  to  bt?  removed,  io*  reeonin^emled  by  Laneenbnch.  The  incisiou  is  iimde  of 
\"ar\ing  lenirth  aeeordinjcr  to  the  size  td'  the  kidney  ;  its  mid-|mint  should  be  oo  a  level  with  the 
umbiliciL*?.  The  ahdoiuinal  cavity  is  opened.  The  intestines  are  then  held  aside  and  the  outer 
layer  of  the  meso-cohm  opened,  wj  thtit  the  fini^ers  can  he  introduced  liehind  the  j>eritoiie«m  an*! 
the  renal  ve^iels  souirht  tor.  These  j*re  then  to  he  ligatnred  ;  if  tied  separately,  care  must  be 
taken  to  ligature  the  artery  firHt.  The  kidney  must  now  he  enucleated,  and  the  vessels  and 
ureter  divided,  and  the  latter  tied  or,  if  thought  necessary,  stitehed  to  the  edge  of  the  wound. 

THE  UBETERS. 

The  Ureters  are  the  two  tubes  which  conduct  the  urine  from  the  kidnevs  into 
the  bladder.  They  commence  within  the  sintts  of  the  kidney  by  a  number  of 
short  truncated  branches,  the  ealicen  or  infiuuiibula^  which  unite  either  directly 
or  indirectly  to  form  a  dilated  pouch,  the  pehisy  from  which  the  ureter,  aficr 
passing  through  the  bilum  of  the  kiihiey,  descends  to  the  bhidder.  The  cahrew^re 
cup-likc  tubes  enchcling  the  apices  of  the  Malpighian  pyramids;  hut  inasmuch  as 
one  calyx  may  include  two  or  even  more  papillae,  their  number  is  generally  les 
than  the  pyramids  them!«elves.  the  fomier  being  from  seven  to  thirteen,  whilst  the 
latter  vary  from  eight  to  eighteen-  These  calices  converge  into  two  or  three 
tubular  divisions  which  by  their  junction  form  the  peiviH  or  dilated  portion  of  the 
ureter.  The  |)ortioo  last  mentioned,  where  the  pelvis  merges  into  the  ureter 
pro]>er,  is  found  o]>posite  the  .spinous  process  of  the  first  lumbar  vertebra,  in  which 
situation  it  is  accessible  behind  the  peritoneum. 

The  tirefer  proper  is  a  cylindrical  membranous  tube,  about  sixteen  inches  in 
length  and  of  the  diiimeter  of  a  gooserpiill,  extending  from  the  pelvis  of  the 
kidney  to  the  bladder.  Its  course  is  oblir|uely  downward  and  inivard  through 
the  lumbar  region  into  the  cavity  of  the  pelvis,  where  it  [masses  downwari 
forward,  and  iuward  across  that  cavity  to  the  base  of  the  bladder,  into  which  it 
then  opens  by  a  constricted  orifice,  after  having  paijsed  obliquely  for  ueArlv  an  inch 
between  its  muscular  and  mucous  coats. 

Eelationa, — In  its  course  it  rests  upon  the  Psoas  muscle,  being  covered  bv 
the  peritoneum,  and  crossed  obliijuely,  from  within  outward,  by  the  spertnalic 
vessels;  the  right  ureter  lying  close  to  the  outer  side  of  the  inferior  vena  cava. 
Opposite  the  first  piece  of  the  sacrum  it  crosses  either  the  common  or  external 
iliac  artery,  lying  bebitid  the  ileum  on  the  riffkt  side  and  the  sigmoid  flexare 
of  the  colon  on  the  h'ft.  In  the  pelvis  it  enters  the  posterior  false  ligament  of  ike 
bladder  below  the  obliterated  hypogastric  artery,  the  vas  deferens  in  the  mile 
passing  between  it  and  the  bladder.  In  the  female  the  ureter  passes  along  tbt 
side  of  the  cervix  of  the  uterus  and  upper  part  of  the  vagina.  At  the  level  of  the 
external  oss  it  is  three-tifths  of  an  inch  external  to  the  cervix,  and  is  crossed  bv 
the  uterine  artery,  a  venous  plexus  intervening  (I loll).  At  the  bjtse  of  the  bbidder 
it  is  situated  about  two  inches  from  its  fellow,  lying,  in  the  male,  about  an  inch  ami 
a  half  behind  the  prostate. 

Structure*— The  ureter  has  three  coats — a  fibrous,  muscular,  and  mucous. 

The  Jihrons  eoat  is  the  same  throughout  the  entire  length  of  the  duct,  being 
continuous  at  one  end  w  ith  the  capsule  of  the  kidney  at  the  lioor  of  the  sidda. 
whilst  at  the  other  it  is  lost  in  (he  fibrous  structure  of  the  bladder. 

In  the  pelvis  of  the  kidney  the  muscular  coat  consists  of  two  layers,  lonmtudtiuil 
and  circidar  :   the  longitudinal  fibres  become  lost  upon  the  sides'of  the  papilla?  al 
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the  extremities  of  the  calices;  the  circular  fibres  may  be  traced  surrounding  the 
medullary  structure  in  the  same  situation.  In  the  ureter  proper  the  muscular 
fibres  are  very  distinct,  and  are  arranged  in  three  layers^ — an  external  longitudinul, 
a  middle  circular,  and  an  internal  layer,  le.ss  distinct  than  the  other  two.  hut 
having  a  general  L>ngitudinal  direeticm.  According  to  KoUiker,  this  internal  layer 
is  only  found  in  the  neighborhood  of  the  bladder. 

Tite  mucmis  conf  h  smooth,  and  presents  a  few  longitudinal  folds  which 
become  effaced  by  distension.  It  is  continuous  with  the  mucous  membrane  of  the 
bladder  below,  whilst  it  is  prolonged  over  the  papillne  of  the  kidney  above.  Its 
epitheli»«ra  is  of  a  peculiar  character,  and  resembles  that  found  in  the  bladder.  It 
is  known  by  the  name  of**  transitional  "  epithelium.  It  consists  of  several  layei's 
of  cells,  of  which  the  innermost — that  is  to  say,  the  cells  in  contact  with  the 
urine — are  tjuadrilaleral  in  shape,  with  a  concave  margin  on  their  luiter  surface, 
into  which  fits  the  rounded  end  of  the  cells  of  the  second  layer.  These,  the  inter- 
mediate cells,  more  or  less  resemble  cf*himnar  epithelium,  and  are  pear-shaped, 
with  a  roundeil  internal  extremity  which  fits  into  the  Ci»ncavity  of  the  cells  f^f  the 
first  layer,  and  a  narrow  external  extremity  which  is  wedged  in  between  the  cells 
of  the  third  layer.  The  external  or  third  layer  consists  of  conical  or  oval  cells 
varying  in  number  in  flifl'erent  parts,  and  presenting  processes  which  extend  down 
into  iLe  basement  membrane. 

The  firUrlm  sufi plying  the  ureter  are  branches  from  the  renal,  spermatic, 
internal  iliac,  and  inferior  vesical. 

The  nerves  are  derived  from  the  inferior  mesenteric,  spermatic,  and  pelvic 
plexuses. 

THE  SUPRAEENAL  CAPSULES. 

The  SEprarenal  Capsules  are  classified,  together  with  the  spleen,  thymus,  and 
thyroid,  under  the  bead  of  '*  ductless  glands,"  as  they  have  no  excretory  duct. 
Tlicy  arc  two  suuill  Hattened  glandular  bodies,  of  a  yellowish  color,  situated  at  the 
back  part  of  the  abdomen,  belli nd  the  peritoneum  and  immediately  above  and  a 
little  in  front  of  the  upper  part  of  each  kidney  ;  hence  their  name.  The  right  one 
is  somewhat  triangular  in  shape,  bearing  a  resemblance  to  a  cocked  hat ;  the  left  is 
more  semilunar,  and  usually  hirger  and  higher  than  the  right.  They  vary  in  size  in 
diff'erent  individuals,  being  sometimes  so  small  as  to  hu  scarcely  detected ;  their 
usual  size  is  from  an  inch  and  a  ijuarter  to  nearly  two  inches  in  length,  rather  less 
in  width,  and  from  twi>  to  three  lines  in  thickness.  Their  average  weight  is  about 
a  draclim  each. 

Relations. — The  relations  of  the  suprarenal  capsules  diifer  on  the  two  sides  of 
the  body.  The  rit/fit  Mitprdn-val  presents  on  its  anterior  surface  two  areas  :  along 
its  ufij*er  and  inner  borders  a  depressed  area,  which  is  in  contact  in  front  with  the 
under  stnface  nf  the  right  lobe  of  the  liver,  and  along  its  inner  border  with  the 
inferior  vena  cava  (Rolleston),  and  behind  rests  on  the  crus  of  the  Diaphragm  ; 
over  the  remainder  of  the  anterior  surface  is  an  elevated  area,  which  is  covered  in 
front  hy  peritoneum  passing  from  the  upper  part  of  the  kidney  to  the  under  sur- 
face of  the  liver,  an*l  behind  rests  on  the  upper  and  inner  part  of  the  kirlnev. 
The  left  sujirarena!  is  in  contact  by  its  anterior  surface,  superiorly,  with  the 
spleen;  below  and  internal  to  this  it  is  in  contact  with  the  peritoneum  forming 
the  lesser  sac.  which  separates  it  from  the  cardiac  extremity  of  the  stomach  ;  and 
at  ItA  lower  part  it  is  covered  by  the  pancreas  and  sjdenic  artery,  and  is  thereftue 
not  in  contact  with  the  peritoneum.  By  its  posterior  suHacc,  at  its  outer  antl 
back  part,  it  rests  upon  the  kidney,  whilst  below  and  internally  it  is  in  contact 
with  the  left  crus  of  the  Diaphragm. 

Stmcture.- — The  surface  of  the  suprarenal  gland  is  surrounded  by  areolar  tissue 
containing  much  fat,  and  closely  invested  by  a  thin  fibrous  coat,  which  is  difficult 
to  remove  on  account  of  the  numerous  fibrous  processes  and  vessels  which  enter  the 
organ  through  the  furrows  on  its  anterior  surface  and  hn^e. 

Small  accessory  suprarenals   are  often  to  be    found  in   the  connective   tissue 
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around  the  siiprarenals.     The  smallt^rof  these,  on  section,  show  a  uniform  surfiice^ 

but  in  some  of  the  krger  a  distinct  medulla  can  be  made  out. 

On  making  a  perpendicular  section,  the  gland  is  seen  to  consist  of  tiro 
substances  — external  or  cortical  and  internal  or  medullary.  The  former, 
Tvhich  constitutes  the  chief  part  of  the  organ,  is 
of  a  deep-yellow  color.  The  mcdullarv  sub- 
stance is  soft,  pulpy,  and  of  a  dark-brown  or 
black  color,  whence  the  name  atrahUiary  cap- 
Bule%  fonnerly  given  to  these  organs.  In  the 
centre  is  often  seen  a  space,  not  natural^  but 
f*>rnied  by  the  breaking  down  after  death  of  the 
medidhirv  substance. 
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The  cortical  portion  consists  chiefly  of  narrow  columnar  masses  placed  jwrfjcn- 
dicularly  to  the  surface.  This  arrangement  is  due  to  the  disposition  of  the  cap- 
sule, which  sends  into  the  interior  of  the  gland  processes  passing  in  vertically  mnd 
communicating  with  each  other  by  transverse  bands  so  as  to  fonn  spaces  which 
open  into  each  other.  These  spaces  are  of  slight  depth  near  the  surface  of  the 
organ,  so  that  there  the  section  srunewhat  resembles  a  net ;  this  is  tei-raed  the 
zona  f/fomemlom  :  but  tijey  become  much  decj>er  or  longer  farther  in,  so  as  to 
resemble  pipes  tjr  tubes  placed  endwise,  the  zona  faseu'uhita.  Still  deeper  down, 
near  the  medullary  part,  the  spaces  beconie  again  of  small  extent;  this  is  named 
the  zona  reticidarm.  These  |»rocesse8  or  trabecuke,  derived  from  the  ca{>sule  and 
forming  the  framework  of  the  spaces,  are  composed  of  tihrous  connective  tissue 
with  longitudinal  bundles  of  unstripcd  muscular  fibres.  Within  the  inlerior  of 
the  spaces  are  cruitaincrl  groups  *if  polyhedral  cells,  which  are  finely  graualiir  in 
appearance,  and  contain  a  spberical  nucleus,  and  not  un frequently  fat-molectilee- 
These  grouj>s  of  cells  do  not  entirely  fill  the  spaces  in  which  they  are  contaioed 
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but  between  them  and  the  trabecul?^  of  the  framework  is  a  channel  which 
is  believed  to  be  a  lyiiif)h-jiath  m-  .sinus,  and  which  communicates  with  certain 
passages  between  the  cells  crimposin^  the  group.  The  l3mph-path  is  supposed 
to  open  intf>  a  plcxua  of  efferent  lymphatic  vessels  which  are  contained  in  the 
capsule. 

In  the  medullary  portioE  the  fibrous  stroma  seems  to  be  collected  together 
into  a  much  closer  arrangement,  and  forms  bundles  of  ctmneciive  tissue  wluch  are 
Itvosely  apj>lied  to  the  large  plexus  of  veins  nf  which  this  ]iart  of  the  organ  mainly 
consists*  In  the  interstices  lie  a  nnmber  of  cells  com] tared  by  Fiev  to  those  of 
columnar  eiutheliuni.  'They  are  coarsely  granular,  du  not  contain  any  fat- 
molecules,  and  some  of  them  are  branched.  Lusehka  has  affirmetl  that  these 
branches  are  connected  with  the  nerve-fibres  of  a  very  intricate  plexus  which  is 
found  in  the  medulla :  this  statement  has  not  been  veriticd  by  other  observers, 
for  the  tissue  uf  the  meiluUary  substance  is  less  easy  to  make  out  than  that  of  the 
cortical,  owing  t«»  its  rapid  decrmipositinn. 

The  numerous  arteries  which  enter  the  suprarenal  bodies  from  the  sources 
mentioned  below  penetrate  the  cortical  part  of  the  gland,  where  they  break  up 
into  capillaries  in  the  fibrous  septa,  and  these  converge  to  the  very  numerous  veins 
of  the  medullary  portion,  which  are  collected  together  into  the  suprarenal  vein, 
which  usually  emerges  as  a  single   vessel   from   the  centre  of  the  gland» 

The  arteries  supplying  the  suprarenal  capsules  are  numerous  and  of  large 
size;  they  are  derived  from  the  aorta,  the  phrenic,  and  the  renal;  ihey  sub- 
divide into  numerous  minnte  branches  previous  to  entering  the  substance  of  the 
gland. 

The  suprarenal  vt-m  returns  the  blood  from  the  medullary  venous  plexus,  and 
receives  several  branches  from  the  cortical  substance;  it  opens  on  the  right  side 
into  the  inferior  vena  cava,  on  the  left  side  into  the  renal  vein. 

The  Itpnpkatics  terminate  in  the  lumbar  glands. 

The  tu-rreit  are  exceedingly  numerous  :  they  are  found  chiefly,  if  not  entirely^ 
in  the  medulla,  and  are  derived  from  the  solar  and  renal  plexuses,  and,  according 
to  Bergmann,  from  the  phrenic  and  jmeumogastric  nerves.  They  have  numerous 
small  ganglia  developed  upon  thcm^  from  which  circumstance  the  organ  has  been 
conjectured  to  have  some  function  in  connection  with  the  sympathetic  nervous 
system. 

THE  CAVITT  OF  THE  PELVIS. 

TIjc  cavity  of  tlie  pelvis  is  that  part  of  the  general  abdominal  cavity  which  is 
below  the  level  of  the  liuea  ilio-|iectincu  and  the  promontory  of  the  sacrum. 

Boundaries.— It  is  boiinded  behind  by  the  sacrum,  the  coccyx,  the  Pyriformis 
muscle,  and  the  great  sacro-sciatic  ligaments  ;  in  front  and  at  the  sides  by  theossa 
pubis  and  ischia,  covered  by  the  Obturator  muscles;  above,  it  communicates  wuth 
the  cavity  of  the  abdomen ;  and  below,  the  outlet  is  closed  by  the  triangular 
ligament,  the  Levatores  ani  and  Coccygei  muscles,  and  the  visceral  layer  of  the 
pelvic  fascia,  which  is  reflected  from  the  wall  of  the  pelvis  on  to  the  viscera* 

Contents.— The  viscera  contained  in  this  cavity  are— the  urinary  bladder,  the 
rectum,  and  some  of  the  generative  organs  peculiar  to  each  sex^  and  some  convo- 
lutions of  the  small  intestines  ;  they  are  partially  covered  by  the  peritoneum, 
and  supplied  with  blood-vessels,  lymphatics,  and  nerves, 

THE  BLADDER. 

The  bladder  is  the  reservoir  for  the  urine.  It  is  a  musculo-membranoua  sac 
situated  in  the  fielvis,  behind  the  pubes.  and  in  front  of  the  rectum  in  the  male, 
the  cervix  uteri  and  upper  part  of  the  vagina  intervening  in  the  female.  The 
shape,  position,  and  relatious  of  the  bladder  are  greatly  influenced  by  age,  sex, 
and  the  degree  of  distention  of  the  organ.  During  infancy  it  is  conical  in  shape,  and 
projects  above  the  upper  border  of  the  os  pubis  into  the  hypogastric  region.  In  the 
aduity  when  quite  empty  and  contracted,  it,  together  with  the  urethra,  in  a  median 
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vertical  section,  is  Y-shaped,  the  urethra  forming  the  stem  of  the  Y.      Itl 
deeply  in  the  jjelvi^,  flattened  from  before  backward,  the-  anterior   limb   € 
reaching  as  higb  as  tbe  upper  bonkn*  of  tbe  symplivsis  pubis.     When  slii  " 
tended  it  has  a  rounded  form,  and  is  still  coutained  within  the  pelvic   cai 
when  fully  distended  it  is  ovoid  in  shape,  and  rises  into  the  abdominal  caviti 
greatly  distended  it  may  reaeb  nearly  as  lii|i!i  as  the  umbilicus.     It  is  lar 
vertical  diameter  than  from  side  to  side,  and  its  long  axis  is  directed  fron 
oblitjuely  downward  ami  backward,  in  a  line  directed  from  some  point  heti 
OS  pubis  and  umbilicus  (according  to  its  distention)  to  the  end  of  the  coccj 
bladder,  wlien  distended,  is  slightly  curved  forward  toward  tlie  anteriof 
the  abdomen,  so  as  to  be  more  convex    behind    than  in  front.     In    tl 
it  is  larger  in  the   transverse  than  in  the  vertical  diameter,  and   its 
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said  to  be  greater  than  in  the  male.*     When  moderately  distended   it 
about  a  pint. 

Tbe  bladder  hiis  a  Hummii  and  five  suffices,  superior  or  ahdon\\nalA 
inferhr  or  base^  mitero'infermr  or  pubic^  and  two  lateral  or  nides. 

The  ¥ii(mmit  or  apex  of  the  bladder  looks  tbrward  and  upward  ;  it  is 
to  the  abdominal  w^a!l  by  a  fibro-muscular  cord,  tbe  ufachua^  which  is  the  ol 
remains  of  a  tubular  canal  which,  in  the  embryo,  prolongs  the  cavity  of  the 
into  the  tillantvis.  It  passt\s  upward  from  the  apex  of  tbe  bladder  betwc 
transversalis  fascia  and  peritoneum  to  tlie  umbilicus,  becoming  thinner  as  it  w 
On  each  side  of  it  is  placed  a  fibrous  cord,  the  obliterated  poriion  of  the  hvi" 
artery,  which,  passing  upward  from  the  side  of  the  bladder,  approaches  tlli 
above  its  summit.     In  tbe  infant,  at  birth,  the  urachus  is  sometimes 

*  According  to  Henle,  the  bladder  h  e«insitierulily  smaller  in  the  female  tbnti  in  th^  i 
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vious,  80  ttiat  the  urine  escapes  at  the  umbilicus^  and  calculi  have  been  found  in 
it8  can  111. 

The  superior  or  aMomtfiffi  aurfiwe  is  free,  and  extends  antero-pt»steriorly  from 
the  summit  to  the  base;  latenilly*  it  reaches  to  the  »tde$  of  the  bladder  from  which 
it  is  approximately  marked  off  by  the  obliterated  liypogastric  arteries.  This  sur- 
face is  entirely  covered  by  peritoneum,  and  is  in  rclatiiui  with  the  uterus*  in  the 
female,  the  sigmoid  flexure,  in  the  male,  and  in  either  sex  with  some  loops  of  the 
small  intestine.  Posteriorly  on  each  side,  beneath  the  peritoneum,  is,  in  the  male, 
a  part  of  the  vas  deferens. 

The  antero-itifvrlor  or  pithie  mirfare  is  not  covered  in  front  by  pcritoneura, 
but  is  in  relation  with  the  triangular  ligament,  the  posterior  surface  of  the  sym- 
physis pubis,  the  anterior  parts  of  Levator  ani  ami  Internal  obturator  muscles. 
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and,    when    distended,    with    the   abdominal    pariete«,   recto-vesical    fascia   being 
interposed. 

The  side  of  the  bladder  is  crossed  obliquely  from  below,  upward  and  forward, 
by  the  obliteratetl  hypogastric  artery:  above  and  behind  tliia  cord  the  side  of  the 
bhidder  ih  covered  by  peritoneum,  hut  below  and  in  front  of  it  the  serous  covering 
is  wanting,  and  it  is  connected  to  the  recto-vesieal  fascia.  The  vas  deferens  passes, 
in  an  arched  direction,  from  before  backward,  along  the  posterior  portion  (sub- 
peritoneal) of  tlie  side  of  the  bladder,  toward  its  base,  crossing  the  obliterated 
hypogastric  artery,  and  passing  along  the  inner  side  of  the  ureter.  The  space 
occupied  hy  recto-vesical  fascia,  which  lies  between  the  pubic  surfiice  and  those 
portions  of  the  sides  of  the  bladder  which  are  uncovered  by  peritoneum  on  the  one 
hand,  and  their  an tero- inferior  relations  on  the  otlier,  is  known  as  the  Cavum  Retzii 
or  space  of  Retzius. 
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Tbe  Ifase  {fiindus)  of  the  bladder  is  directed  downward  and  backward.  It 
varies  in  extent  according  to  the  state  of  distention  of  the  organ,  being  very  broad 
when  full,  but  much  narrower  when  empty,  Itt  the  male  it  rests  upon  the  second 
portion  of  the  rectnm,  from  which  it  is  separated  by  a  reflection  of  the  r€?c to- vesical 
fascia,  ft  is  covered  miperiorlvt  for  a  slight  extent,  by  tbe  peritoneum,  which  i$ 
reflected  from  it  upon  the  rectum,  forming  tbe  rectO'Vesical  fohJ.  The  portion  of 
the  bladder  in  relation  with  tbe  rectum  corresponds  to  a  triantrular  space  bouDdfd 
in  front  by  the  prostate  gland,  and  on  each  side  by  the  vesicubi  seiniualis  and  rm 
deferens.     In  the  female  the  base  of  the  bladder  lies  in  contact  with   the  cervix 


^JH.  poetdarts 


Fio.  7^— Antero-poeterior  median  sectiau  of  lower  |Miri  of  1>liiddtT,  prostAtc  glttlid.  and  pmstiLtlc  utvlliA 


uteri  and  upper  part  of  the  anterior  wall  of  the  vagina.  Above  this  connection  ti 
the  peritoneal  utero- vesical  pouch. 

The  so-calleti  neck  of  the  bladder  is  the  point  of  commencement  of  the  ureihra. 
The  portion  of  the  bladder  immediately  surrounding  it  is  in  relation  with  iht 
prostate  gland, 

Ligaments.^The  bladder  is  retained  in  ita  place  by  ligaments  which  are  divided 
into  true  and  false*  The  true  ligaments  are  five  in  number:  two  anterior  iwo 
lateral,  and  the  urachus.  The  false  ligaments,  also  five  in  number,  are  formed  fcj 
folds  of  the  peritoneum* 

The  anterior  lif/aments  {pubo-proatafk)  extend  from  tlie  back  of  tbe  os  pabts, 
one  on  each  side  of  the  symphysis,  to  the  pubic  surface  of  the  bladder,  over  Uir 
upper  surface  of  tbe  prostate  gland.  Thi:»se  ligaments  are  formed  by  the  i^to* 
vesical  fascia,  and  contain  muscular  fibres  prolonged  from  the  bladder* 
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The  lateral  ligaments,  also  formed  by  the  recto-vesical  fascia,  are  broader  and 

thinner  than  the  preceding.  They  nre  altachetl  to  the  lateral  parts  of  the  prostate 
and  to  the  sides  of  the  bladder  and  the  pelvic  wall.  The  pusterior  prolongiitioa  of 
this  ligament  is  known  as  the  Itj/ament  of  the  rectum. 

The  urai^hHii  is  the  fibro- muscular  cord  already  mentione<l,  extending  between 
the  summit  of  the  bladder  and  the  umbilicus.  It  is  broad  below,  and  becomes 
narrower  as  it  ascends. 

The  fahe  Ugaments  of  the  bladder  are— two  posterior,  two  lateral,  and  one 
superior. 

The  two  postenor  pass  forward,  in  the  mule,  from  the  sides  of  the  rectum  ;  in 
the  female,  from  the  sides  of  the  uterus  to  the  posterior  and  lateral  aspect  of  the 
bladder ;  they  form  the  lateral  boundaries  of  the  recto-vesieal  cul-de-sac  of  the 
peritoneum,  and  contain  the  obliterated  hypogastric  arteries  and  the  ureters, 
together  with  vess^4s  and  nerves* 

The  tteo  lateral  Uiiament^  are  reflections  of  the  peritoneum  from  the  iliac  fossae 
to  the  sides  of  the  bhulder,  along  the  line  of  the  obliterated  hypogastric  arteries. 

The  supertor  lupanent  is  the  prominent  fold  of  the  peritoneum  extending  from 
the  summit  of  the  bladder  to  the  umbilicus.  It  covers  the  urachus  and  the  oblit- 
erated hypogastric  arteries. 

Structure. — The  bladder  is  composed  of  four  coats — ^serous,  muscular,  sub- 
mucous, and  mucous. 

The  seroui*  coat  is  derived  from  the  peritoneum.  It  invests  the  entire  superior 
surface,  the  upper  part  of  the  base,  and  each  »ide,  above  and  behind  the  ''hypo- 
gastric conl,"  and  is  reflected  on  to  the  abdtjminal  and  pelvic  walls. 

The  inusctdar  coat  consists  of  three  layers  of  unstriped  muscular  fibre :  an 
external  layer,  composed  of  fibres  having  for  the  most  part  a  longitudinal  arrange- 
ment; a  middle  layer,  in  which  the  fibres  are  arranged,  more  or  less,  in  a  circular 
manner;  and  an  internal  layer,  in  which  the  fibres  have  a  general  longitudinal 
arrangement. 

The  fibres  of  the  external  Ion(jitudmal  latter  arise  from  the  posterior  surface  of 
the  body  of  the  os  pubis  in  both  sexes  (^museuU  pubo-vesiealiH),  and  in  the  male  from 
the  adjacent  part  of  the  prostate  gland  and  its  capsule.  Thev  pass,  in  a  more  or 
less  longitudinal  manner,  up  the  anterior  surface  of  the  bladder,  over  its  ajtex, 
and  then  descend  along  its  posterior  siirface  to  its  base,  where  they  become 
attaclied  to  the  prostate  in  the  male  and  to  the  front  of  the  vagina  in  the  female* 
At  the  sides  of  the  bladder  the  fibres  are  arranged  obliiiuely  and  intersect  one 
aufither.     This  layer  has  been  named  the  drtrumr  uriniP  muscle. 

The  ?nidd!e  cirralar  huferg  are  very  thinly  and  irregularly  scattered  on  the  body 
of  the  organ,  and,  though  to  some  extent  placed  transversely  to  the  long  axis  of  the 
bladder,  are  for  the  most  part  arranged  obliquely.  Toward  the  lower  part  of  the 
bladder,  round  the  cervix  and  commencement  of  the  urethra,  they  are  disposed  in 
a  thick  circular  layer,  forming  the  sphincter  vesicce^  which  ia  continuous  with  the 
muscular  fibres  of  the  prostate  glanci. 

The  interna!  hnffifudinal  lai/er  is  thin,  and  its  fasciculi  have  a  reticular 
arrangement,  but  with  a  tendency  to  assume  for  the  most  part  a  longitudinal 
direction. 

Two  bands  of  oblique  fibres,  originating  behind  the  orifices  of  the  ureters, 
pass  between  these  orifices  and  also  converge  to  the  hack  part  of  the  prostate  gland, 
and  are  inserted,  by  means  of  a  fibrous  process,  into  the  middle  lobe  of  that  organ. 
They  are  the  mtiseles  of  the  ureters^  described  by  Sir  C.  Bell,  who  supposed  that 
during  the  contraction  of  the  bladder  thrv  servetl  to  retain  the  oblique  direction  of 
the  ureters,  and  so  prevent  the  reflux  of  the  urine  into  them. 

The  submucous  coat  consists  of  a  layer  of  areolar  tissue  connecting  together  the 
muscular  and  mucous  coats,  and  intimately  unite*!  to  the  latter. 

The  juacous  coat  is  thin,  smooth,  and  of  a  pale  rose  color.  It  is  continuous 
through  the  ureters  with  the  lining  membrane  of  the  uriniferous  tubes,  and  below 
with  that  of  the  urethra.     It  is  connected  loosely  to  the  muscular  coat  by  a  layer 
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of  areolar  tissue,  excepting  at  the  trigone,  where  its  adhesion  is  more  clc 
prov fried  with  mucous  follicles,  more  numerous  than  elsewhere  near  the  necl 
orj^aii,  but  which   sire  not  re»:^arded  ilj5  definite  glands.     The  epitheliiiin 
it  h  of  the  transitionsil  stratified  variety^  consisting  of  a  superficial   layer  of 
hedral,   tiattencd    cells,    eacli  witti  one,  hvo,  or   three    nuclei ;    beneath 
stratum  of  large  club-shaped  cells,  with  the  narrow  extremity  directed  doi 


^(^ 


Fro.  7as.--Si]pcrfip[al  layer  <»f  the  eiiithelium  ol 
the  bladder.  ComTOsod  of  polyhcdml  ccUs  of  vari- 
ous sfacs,  ejich  wlih  one,  I  mi  "'  -  »  * 
{Klein  and  Nobk-  Smith.) 


or   three   nuclei. 


Fig,  73*.— Deep  layers  of  eptth«littm  < 
BhowInKrlarg:e  clufj-shafM?*!  cells  abcive.  i*ir 
more  ftplinllt?  phiiwd  vi.']U  beluw,  eitcH 
oval  nucleus.    (Klelti  and  Noble  Smith.) 


tmd  we<]ged  in   between  smaller  spindle-shaped  cellsj  containing  an   oval 
(Fi^s.  im.  7H4). 

Objects  Seen  on  the  Inner  Surface. — Upon  the  inner  surface  of  the  blad 
seen  the  orifices  of  the  ureters,  the  trigone,  and  the  orifice  of  the  urethra. 

The  Onfire^  of  the  Ureters. — These  are  situated  at  each  end  of  the  ba>se 
trigone,  being  distant  from  each  other  by  less  than  two  inches;  titev  are   uboi 
inch  and  a  lialf  from  the  base  of  the  })rostate  and  the  comnieneement  of  the  ur< 

The  triiioniim  ve»k*e  (Lieutaud),  or  tny/one  rrmcah,  is  a  triangular  smoo^ 
face,  with  the  apex  directed  forward,  situated  in  the  base  of  the  bladder  ti 
ately  behind  the  urethral  orifice.  It  is  paler  in  color  than  the  rest  of  the  ] 
membrane,  and  u**ver  presents  any  rnga;,  even  in  the  colIapscHl  condition 
organ,  owing  to  its  intimate  ailhesion  to  the  subjacent  tissue.  It  is  boiu 
each  posterior  single  by  the  orifice  of  tlie  ureter.  Its  antero-inferior  angle  ii 
pied  by  the  orifice  of  the  urethra.  Between  the  orifices  of  the  ureters  is  s 
arched  fob!  (piim  Kn^teriea)  of  mucous  memlirane  caused  by  the  projecl 
muscular  fibres  which  have  a  similar  direction  (see  preceding  pttge).  Pro 
from  the  lower  and  anterior  part  and  reaching  to  the  orifice  of  the  urethi 
slight  elevation  of  mucous  membrane  calleil  the  tivuJa  i*esiea\  It  is  formi 
thickening  of  the  submucous  tissue.  In  the  female,  the  uvula  vesicae  and  t 
are  snmtl  and  ill-defined. 

The  arteries  supplying  the  bladder  are  the  superior,  middle,  and  inferii 
cal  in  the  male,  with  additional  branches  from  the  uterine  and  vaginal 
female.  They  are  all  derived  from  the  anterior  trunk  of  the  interna 
The  obturator  and  sciatic  arteries  also  supply  small  visceral  bran  eh  ea 
bladder. 

The  veins  form  a  complicated  plexus  round  the  neck,  sides,  and  base* 
bladder,  and  terminate  in  the  internal  iliac  vein. 

The  h/mphatics  accompany  the  blood-vessels,  passing  through  the  glan^ 
rounding  them. 

The  ftenw8  are  derived  from  the  pelvic  plexus  of  the  sympathetic 
the  third  and  the  fourth  sacral  nerves ;   the  former  supplying  the  upper 
the  organ,  the  latter  its  base  and  neck.     According  to  F.  Darwin,  the 
thetic  fibres  have  ganglia  connected  with  them,  which  send  hraaches  to 
sels  and  muscular  coat. 

Surface  Form, — The  surface  form  of  the  bladder  varies  with  its  degree  of  diL, 

under  other  circumstances.     la  the  young  child  it  is  represented  by  a  conical  figure. 
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of  which,  even  when  the  viacus  is  empty,  rg  situated  In  die  hypogastric  re^on,  about  an  inch 
above  the  kvel  of  the  symphysis  pubis.  In  the  luUih,  when  the  bladder  is  eniptyt  its  apex  does 
nut  reiieh  above  the  level  uf  tlie  upjjer  bor^kr  of  the 
svmphv.sis  piibi^,  and  the  whiile  nrjLrun  is  situated  in 
the  pel V lis;  the  neek,  in  the  mjik\  cnrrespoiidin^  to  a 
lino  dniwu  horizontally  backward  through  the  symphysis 
a  bttie  below  its  middie.  As  the  bladiler  Womes  dis- 
tendetl  it  L^raduully  rises  out  of  the  Pelvis  into  tlie 
abdomen,  and  forma  a  swell inir  in  the  hypoifastric 
re^on  which  is  i>ei\'eptiblo  t<j  the  baud  as  well  as  to 
pereussiou.  In  extreme  distension  it  reaches  into  the 
umbilical  rei^ion.  Tender  theso  cin-umstanres  it  ia 
ebsely  applieil  to  the  abdominal  wall,  without  the 
int<?r  vent  ion  of  peritoneum,  so  that  it  can  be  tajiped  by 
an  opeiiincr  in  the  middle  line  Just  above  the  ptibes 
without  imy  fear  of  wouudiriij  the  senius  membrane. 
When  the  rectum  is  distended  the  prostatic  portion  of 
the  nretbra  is  elongated  and  the  bladder  ltt>ed  out  of 
the  pelvis  and  the  peri  ton  eunt  pushed  upward.  Ad- 
vantage is  taken  of  this  in  perform im;  the  ot>emtioTi  of 
suprapubic  cystotomy.  The  rectum  is  distentled  by  an 
india-rubber  lnur.  which  is  iutmduced  into  this  cavity 
empty,  and  then  filled  with  ten  or  twelve  ounces  of 
water  If  now  the  bladder  is  injected  witli  alxuit  half 
a  pint  of  some  antis^'jitic  fluid,  it  will  apiicar  above  the 
pubcs,  plainly  perceptible  to  the  sii^ht  and  touch.  The 
p^entoneura  will  be  pushed  out  of  the  way.  and  an  in- 
cision three  inches  lontr  may  l»e  made  in  the  linea  alba 
from  the  symphysis  pubis  upwani  without  any  great 
risk  of  woumdjui,'  the  peritoneum. 

Wlien  distended  the  bladder  can  Ijc  felt  in  the 
male,  from  the  rectum,  behind  the  pn^state,  and  fluc- 
tuation C4in  be  perceived  by  a  bimaiiual  examination, 
one  finger  beintr  introduced  into  the  rt^ctinu  and  the 
distended  bladder  tapped  «»ti  the  front  of  the  alxlomen 
with  the  fluster  of  the  other  hand.  This  jKirtion  of  the 
bladder— that  is.  the  portion  tcit  in  the  rectmn  bv  the 
finger — is  also  unrovered  by  pcritinieum,  and  the  blad- 
der may  here  be  punctured  fn>m  the  rectum,  in  the 
middle  line,  without  risk  of  wounding  the  serous  mem- 
bnme- 

Stirgical  Anatomy.— A  defect  of  development  in 
which  the  bladder  is  ira plicated  is  known  under  tlie 
name  of  exfrnvfm*m  of  the  hladihr.  In  this  condition 
tljc  lower  part  of  the  abilomina!  wall  and  the  anterior 
wall  of  the  bladder  are  wantiiiiTT  so  that  the  posterior 
surface  of  the  bladder  t>resent.s  on  the  abdominal  sur- 
face, and  is  t^'^'^^it^^^  forward  by  the  jvres.su re  of  the  vis- 
cera within  the  abtjomcn.  forming  a  rcfl  vascular  tumor 
on  which  the  openings  of  the  ureters  arc  visible.  The 
penist  exeejit  the  glans,  is  ruflitnentary  and  is  cleft  on  its  dorsal  surface,  exposing  the  floor  of 
the  urethra—a  condition  known  as  eimi^fuUnH.  The  jxelvic  bones  are  also  arrested  in  develop- 
ment (see  iia*je  28 S). 

The  bladder  may  lie  ruptured  by  violence  applied  to  the  aUbiminal  walb  when  the  viscus 
is  distcnilcd  without  any  injury  to  the  b<.iny  pelvis,  or  it  may  be  hm\  in  ca.scs  of  fnicture  of  the 
pelvis.  The  rupture  may  be  either  intraperitoneal  or  extraperitoneal — that  is^  may  implicate  the 
superior  surface  of  the  bladder  in  the  former  ease,  or  one  of  the  other  surfaces  in  the  latter 
Rupture  of  the  anteri^ir  surface  alouc  is,  however,  very  rtire.  Until  recently  iutnmeritoneal 
rupture  Wiis  uniformly  fatal,  but  now  al*diiminal  section  and  suturinir  the  rent  with  LcmWt's 
suture  is  resorted  to,  with  a  very  considerable  amount  of  sm^'ess.  The  sutures  are  inserted  only 
throutrh  the  peritoneal  and  funscular  coats  in  such  a  way  as  to  brin^  the  serous  surfa<^es  at  the 
marcius  of  the  wr>imil  into  apposition,  and  one  is  inserted  hist  beyond  the  etrd  of  the  wouikL 
The  bladder  should  be  tested  as  to  whether  it  is  water-tight  l>efore  closini:  the  (VtiTiial  wound. 

The  muscular  coat  of  the  bladder  undergoes  hypertrophy  in  cases  in  which  there  is  any 
obstructi*^  to  the  How  of  urine,  Undyr  these  circumstances  the  bundles  of  which  the  muscular 
coat  consists  bt?come  much  increased  in  size,  and,  interlacing  in  all  directions,  give  rise  to  what 
IB  known  as  the  fumciduMi  hljodder.  Between  these  bundles  of  uiuscidar  fibres  t  he  mucous  tnem- 
brane  may  bulge  out,  fbnuing  saceuli,  constituting  the  j<itrnthtf*fi  bimhier,  auti  in  tliese  little 
pouches  phusphatic  secretions  may  collect,  frtrniing  rnafjifnf  rtrhuh*.  The  mucous  meinbnine  is 
very  hxa-se  anu  lax,  excejU  over  the  trigone,  to  allow  of  the  distension  of  the  viscus. 

Various  forms  of  tumor  have  been  found  springing  from  the  wall  of  the  bladder.     Tlie 


Fig.  735.— The  bladder  and  urethra  laid 
open.   Seen  from  above. 
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mnooent  tuniora  are  the  tjapiUoma  and  the  mucous  polypus,  arising  from  the  mucous  i_ 
the  fibrous,  fern  the  submue^us  ti^ne ;  and  tlie  myoma,  originating  in  the  niuscul 
and*  very  nirely,  dermuiJ  tumurs,  the  exact  ori^'in  of  whii-h  it  is  difficult  to  exphitii.] 
maijgniint  tnniors,  epitheliuma  is  the  most  common,  but  sarcomiita  are  occasiuualiy  tbu 
bladder  uf  children. 

Puncture  uf  the  bladder  may  he  performed  either  above  the  piibes  or  throutrb   thi 
in  both  eases  without  wminding  the  7>eritoneuni.     Tlie  tbnner  plan  is  generally  to   be 
since  in  ptini-ture  by  the  rectum  a  permanent  tist^ila  utHy  be  left  from  jdjta^ess  formini 
the  rectum  ai^l  the  bladder ;  or  pelvic  celluhtis  may  be  set  up ;  nioreovert  it   is  exc€ 
inconvenient  to  keep  a  eamnda  in  the  rectum.     In  some  ciu^es  in  perlbrming  this  upemj 
recto- vesical  pouch  of  peritoiieuin  has  been  wounded,  inditcing  fatal  peritonitis.      The  <  ^ 
therefore,  hm  been  almost  complelcly  abandijued. 


THE  MALE  UEETHEA. 

The  urethra  in  the  male  extends  from  the  neck  of  the  bladder  to  the 
urinarius^     It  presents  a  double  curve  in  the  flaccid  state  of  the  penis,  bi 
erect  state  ir  forms  onlva  .single  curve,  the  concavity  of  which  is  direetefl 
(Fig,  599).     Its  length  varies  from  eight  to  nine  inches,  and  it  is  dividei 
three  portions,  the  pt'o8tafk\  membratum^^  and  ^prrngt/^  the  structure  and 
of  which  are  essentiaHy  different*     Except  duiing  the  passage  of  the 
semen   the   urethra  i^  a  mere  transverse  cleft  or  slit,  with  its  upper  aui 
surfaces  in  contact.     At  the  orifice  of  the  urethra  at  the  end  of  the  {>enia 
is  vertical,  and  in  the  ]jr* astatic  portion  somewhat  arched. 

The  Prostatic  Portion  is  the  widest  and  most  dilatable  part  of  the  a 
passes  through  the  prostate  gland,  from  its  base  to  its  apex,  lying  nearer  i 
than  its  lower  sui^face.     It  is  about  an  inch  and  a  quarter  in  length  ;  the 
the  canal  is  s|dndle-sbapcd.  being  wider  in  the  middle  than  at  either  extremit 
narrowest  in  front,  where  it  joins  the  membranous  portion.    A  transverse  s 
the  canal  as  it  ties  in  the  prostate   is  horseshoe   in  shape,  the   convexi 
directed  upw^ard  (Fig-  73<i)  or  rather  forward,  since  its  direction  is  nearly 

Upou  the  floor  of  the  canal  is  a  narrow  longitudinal  ridge,  the  verum 
or  eolUcuhts  sanimtlia,  or  t'dput  gallinafjinis^  funned  by  «n  elevation  of  the 
membrane  and  its  subjacent  tissue*      It  is  eight  or  nine  lines  in  length    an 
and  a  half  in  height,  und  contains,  according  to  Kobelt,  muscular  and   en 
sues.     When  <listendcil  it  may  serve  to  prcvctit  the  piissuge  of  the  setnen  bi 
into  the  bladder,     Oti  ciicli  sitle  of  the  vennnontuinnu  is  a  slightly  dep: 
the  pnmtatw  sinuSy  the  floor  of  which   is  perfonited  by  numerous  aperttii 
or(fifjes  of  the  pro9tatif  duets,  the   duet.s  of  the  middle  lobe  opening    beh 
vcrumontarium.     At  the  fore  part  of  the  venimontanum,  in  the  middle  lini 
depression,  the  sititis  ffoeuJaris  (lUHttmift  proHtatHvt),  and  upon  or  within  itsi  ni; 
are  the  slit-like  openings  of  the  cjacubitory  ducts.     The  sinus  pocnlaris  f«: 
i'ul-de-»ac  about  a  (|uarter  of  an  inch  in  length,  which  runs  upward  and  bael 
in  the  substance  of  the  prostate  beneath  the  middle  lobe;  its  prominent  up 
partly  forms  the  verumontanuin*     Its  walls  are  composed  of  fibrous  tissue, 
lar  fibres,  and  mucous  membrane,  and   numerous  small  glands  open   on   i 
surface.      It  b.as  been  called  by  Weber,  who  discovered  it,  the   ufrrujt  mas 
from  its  being  deveiope<i  frotn  (be  united  eufls  of  the  rudimentary  Miilleri 
and  therefore  bomolog<ius  with  the  uterus  in  the  female. 

The  Membranous  portion  of  the  urethra  extenrls  between  the  apex 
prostate  and  the  bulb  of  the  corpus  spongiosum.  It  is  the  nan*owest  par 
canal  (excepting  the  orifice),  and  measures  three-(|uarters  of  an  inch  a 
anr<:'rb>r  and  half  an  inch  along  its  posterior  8Ui*fuee,  in  consequence  of  tl 
projecting  backward  l^eneatb  it.  Its  iinterior  concave  surface  is  placed  a 
inch  beneath  the  pubic  arch,  from  which  it  is  separated  by  the  dorsal  v 
nerves  of  the  penis  and  some  muscular  fibres.  Its  posterior  convex  su 
separated  from  lite  rectum  by  a  trinnguhir  space,  which  is  part  of  the  pel 
The  membranous  portion  of  the  urethra  perforates  both  the  anterior  and  p 
layers  of  the  deep  perineal  fascia,  at^d  receives  ati  investment  from  them. 
pierces  the  posterior  layer,  the  fibres  aroutjd  the  opening  are  prolonged  bi 
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over  the  posterior  part  of  the  membranous  portion  of  the  urethra,  an  J  tm  it  pierces 
the  anterior  layer,  a  similar  prolongatioti  takes  phtcc  in  the  opposite  direction, 
inventing  the  anterior  part  of  tlie  meuibranotis  portion.  It  is  also  surrounded  by 
the  Compressor  urethra  muFicle. 

The  Spongy  portion  is  the  hmii^est  part,  and  is  contained  in  the  corpus  spongi- 
osum. It  is  about  six  inehes  in  lentrth,  and  extenfls  from  the  termination  of  the 
membratKius  portion  of  ilie  meatus  urinarius.  Its  direction  at  first  is  downwarii  and 
forward  then  u[)wanl  for  n  short  distance  and  then  downward  again.  It  is  narrow 
and  of  uniform  size  in  ihe  body  of  the  penis,  measurintj  about  a  quarter  of  an  inch 
in  diameter,  beincj  dilated  behind,  within  the  bulb,  and  again  anteriorly  within  the 
glans  penis,  where  it  forms  the  foua  navicidaru. 

The  BuIbouM  portion  is  a  name  given,  in  some  descriptions  of  the  urethra,  to 
the  posterior  part  of  the  spongv  portion  contained  within  the  bulb. 

The  inrafus  KrinariuR  is  the  most  contracted  part  of  the  urethra  ;  it  is  a  vertical 
slit,  about  three  lines  in  length,  b'mnded  on  each  side  by  two  small  labia. 

The  inner  surface  of  the  lining  membrane  of  the  urethra,  especially  on  the  floor 
of  the  spongy  portion,  presents  the  orifices  of  numerous  mucous  glands  and  follicles 
gjtuated  in  tlie  submucous  tissue,  and  named  the  ffhtndn  of  Llitre.  Tliey  vary  in 
size,  and  their  orifices  are  directed  forwjird,  so  tluit  they  may  easily  intercept  the 
point  of  a  csitheter  in  its  passage  along  the  caufll.  <  >ne  of  these  lacuni^,  larger  than 
the  rest,  is  situated  in  the  upjier  surface  of  the  fossa  navicularis,  about  an  inch  and 
a  half  from  the  orifice ;  it  is  called  the  lat^una  magna.  Into  the  bulbous  portion 
are  found  opening  the  ducts  of  Cowper's  glands. 

Stmctnre. — The  urethra  is  composed  of  a  continuous  mucous  membrane, 
supported  by  a  submucous  tissue  which  connects  it  with  the  vainous  structures 
through  which  it  passes. 

The  mucouji  coat  fonns  part  of  the  genito-nrinary  mucous  membrane.  It  is 
continuous  with  the  mucous  membrane  of  the  bladder,  ureters,  and  kidneys; 
externally  with  the  integument  covering  the  glans  penis ;  and  is  probjnged  into 
the  ducts  of  the  glan<ls  which  ojien  into  the  urethra — viz.  Cowper's  glands  and  the 
prostate  gland— anil  into  the  vasa  deferentia  and  vesicuhe  seminales  through  the 
ejaculatory  ducts.  In  the  spongy  and  niemhranous  portions  the  mucous  membrane 
is  arranged  in  longitudinal  folds  when  the  *»rgan  is  contracted.  Small  papillge 
are  fiiund  upon  it  near  the  orifice,  and  its  epithelial  lining  is  of  the  coltimnar  and 
stratifieil  variety,  excepting  near  the  meatus,  where  it  is  squamous. 

The  suhmueon^  ttmin'  consists  of  a  vascular  erectile  layer,  outside  which  is  a 
layer  of  unstriped  muscubir  fibres,  arranged  in  a  circular  direction,  which  se]>a- 
rates  the  mucous  membrane  and  subiuucous  tissue  from  the  tissue  of  the  corpus 
spongiosum. 

Surgical  Anatomy.— The  urethra  may  be  raptured  by  the  patient  falling  astride  of  any 
hard  subsUim^e  and  striKiiik'  his  perinasum, so  that  the  urethra  is  eruslied  apainst  the  jmbic  arch. 
BleediuL'  will  at  out-e  take  place  from  the  urethni,  and  this,  tocether  with  the  Ijrinsiug  in  the 
perinfeutjiand  tlie  history  of  the  accident,  will  at  onee  |x»iiU  to  the  uattire  of  the  injury. 

The  surgical  anatmuy  of  the  urethra  is  nf  considemUe  iuipurtanee  in  niotie<  (imi  with  the 
passage  of  instniTiieiits  into  the  bladder  Otis  was  the  first  to  point  out  that  the  urethni  is 
capable  of  ^^reat  dilaiabiiity.  so  that,  exeentiaL'  thniiiirh  the  ex terii^d  meatus,  uu  itistruuieiit  eur- 
resiioudin^  to  18  Euirli.sh  cauge  (21*  FrenA)  eau  usually  \w  passed  without  dama«:e.  The  oritiee 
id"  the  un^thra  is  not  m  diktahle,  and  thertdVire  tVequciitly  resjuires  slitting'.  A  rccogiiitioii  of 
this  dilat^ihility  ciiuji^ed  Bigeluw  to  %'ery  considerjdily  nuidifv  the  npemtion  of  lithotrity  atitl  intro- 
duce that  of  litholapaxy.  In  nassiug  catheters.  est>ef'ially  line  oucs,  the  point  of  the  iustruuient 
should  be  kept  as  Tar  as  ]>08sible  alon^  the  upper  wall  of  the  canal  as  the  point  is  otlierwise  very 
liable  to  cuter  one  of  the  laeiiUcT.  Stricture  of  the  uretljra  is  a  disease  of  very  common  occur- 
rence, aud  is  generallv  situated  in  the  sjiontjy  prtrtion  of  the  urethra,  most  coainionly  in  the 
buUxius  portion,  just  m  fr^^nt  of  the  meinbraiKnis  urethra^  but  in  a  very  considerable  number  of 
casefe  in  the  penile  or  aate-scrotal  part  of  the  eanal. 


i: 


Fio,  7^.— Tmiisversf  svi  tion  of  norminl  prowtAte  Uirotiuli  tlie  mfildle  of  the  verumonUinum,  frt*rii  n  mVjrfl 
fueed  tifiit'l**eii  yeai^s.     (TiiylorJ    ru  LoiiieHtirlinal  st-t'tions  of  tltictM  letliHinw  from   tin*  Inltiilfs.  of  t  (  h- 

gWnJs;  ^^  voruinr»iitaiii]in  ;  f,  KfniiM  jxM'uljiriK;  r/,  tirt-Mifii;  (••,  t-jHtnilBlorj*  diui-N:  f.  nrh'rifs  vein^  > 

fllnuAeb  ill  cii|w.uk*  of  hr<»slttlt> :  ft,  iiervt*  trunks  in  na|iftiik" :  K  fntlnt  f»f  oftuhi  of  rttirn  itHiwiiliir  bainJ  f 

urethra;  t,  mmv  of  stnuUn)  voli]iitar>'  moficli?  oij  «ii|ierior  furfucc.   (Urawn  fruiu  Krdiiii^'r  |»n)Jccltoii  AppMLra^uiLi 

the  rectum,  throygh  which  it  may  he  tlistJiictly  felt,  especially  when  eiilargrJ. 
In  shape  and  »ize   it  is  said  to  rfseiahle  a  che>itriut. 

Its  base  is  directed  upward  and  backward  and  rests  against  the  neck  of  the 
bladder. 

Its  apex  is  directed  downward  and  forward  to  the  deep  perineal  fiiscia^  which  it 
touches. 

Its  ptmterior  surface  is  smooth  and  flat,  marked  by  a  slight  longitudinal  furrow* 
and  rests  on  the  rectum,  tf>  wliich  it  is  connected  by  dense  areolar  tisi?ue. 

Its  anterktr  i^urfat'e  is  convex,  and  is  placed  about  three- quarters  of  an  inch 
behind  the  lower  part  of  the  pubic  symphysis. 

It  mejisures  about  an  inch  and  a  lialf  in  its  transvei-se  diameter  at  the  base,  all 
inch  in  its  antero*posterior  diameter,  an*!  tlirec-qnartei's  of  an  inch  in  depth*     Ita 
weight  is  about  five  drachms.     It  is  behl  in  its  position  by  the  anterior  ligamen 
of  the  lda<bler  (pubo-prttj^tatie) ;  by  the  posterior  layer  of  the  deep  perineal  ft     ' 
which  invests  the  commencement  of  the  membranous  portion  of  the  urethra  and 
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prostate  gland;  and  by  the  anterior  portion  of  the  Levator  ani  muscle  {levator 
prostat(3p\  which  passes  down  nn  each  side  from  the  symphysis  pubis  and  anterior 
ligament  of  the  bladder  to  the  Mtdes  of  the  prostate. 

The  prostate  consists  of  two  lateral  lobes  and  a  middle  lobe. 

The  two  Jaieral  iohes  are  of  e(|ual  size,  separated  by  a  deep  notch  behind,  and 
by  a  slight  furrow  upon  the  anterior  and  posterior  surfaces  of  the  gland,  which 
indicates  the  bilobed  condition  of  the  organ  in  some  animals. 

The  third,  or  middle  lobe,  is  a  small  transverse  band,  occasionally  a  rounded  or 
triangnlar  ptrominenee,  jdaced  between  the  two  lateral  lohes  at  the  posterior  part 
of  the  organ.  It  lies  immediately  beneath  the  nerk  of  the  bladder,  behind  the 
commeocement  of  the  urethi^a,  and  above  and  between  the  ejaeulatory  ducts.  Its 
existence  is  not  constant,  but  it  is  occasionally  found  at  an  eaidy  period  of  life,  as 
well  as  in  adults  and  in  old  age. 

The  }>rostate  gland  is  perforated  by  the  urethra  and  the  ejaeulatory  ducts* 
The  urethra  usually  lies  ahout  one-third  nearer  its  posterior  than  its  anterior  sur- 
face ;  occasionally,  the  jirostate  surrounds  only  the  lower  three-fotirths  of  the  tube, 
at  id  more  rarely  the  urethra  runs  through  the  lower  instead  of  the  upper  part  of 
tlie  gland.  The  ejaeulatory  ducts  pass  forward  obliqtiely  between  the  middle  and 
each  lateral  lobe  of  the  prostate  and  open  into  the  prostatic  portion  of  the  urethra. 

Structure, — The  prostate  is  enclosed  in  a  thin  but  firm  fibrous  capsule,  distinct 
from  that  deriveil  from  the  posterior  layer  of  the  deep  perineal  fascia,  and  separated 
fn^m  it  by  a  plexus  af  veins.  Its  substance  is  tjf  a  j>ale  reddish-gray  color,  of 
great  density  and  not  easily  torn.  It  consists  of  glandular  substance  and  muscular 
tissue. 

The  muscular  tissue,  according  to  Kolliker,  constitutes  the  proper  stroma  of  the 
prostate,  the  connective  tissue  being  very  scanty,  and  simply  forming  thin  trabecule 
between  the  muscular  hbres,  in  which  the  vessels  and  nerves  of  the  gland  ramify. 
The  muscular  tissue  is  arranged  as  follows  :  Innuediately  beneath  the  fibrous  capsule 
is  a  dense  layer,  which  forms  an  investing  sheath  for  the  gland ;  secondly,  around 
the  urethra,  as  it  lies  in  the  prostate,  is  another  dense  layer  of  circular  fibres, 
continuous  beliind  with  the  internal  layer  of  the  muscular  coat  of  the  bladder, 
and  in  front  blending  with  the  fibres  surrounding  the  membranous  portion  of  the 
urethra.  Between  these  two  layers  strong  bands  of  muscular  tissue,  which 
decussate  freely,  inrm  meshes  in  wliicli  tiie  gbindular  structure  of  the  organ  is 
imbedded.  In  that  part  of  the  gland  which  is  situated  above  the  urethra  the 
muscular  tissue  is  especially  dense,  and  there  is  here  little  or  no  gland  tissue; 
while  in  that  part  which  is  below  the  urethra  the  muscular  tissue  presents  a  wide- 
meshed  structure,  which  is  densest  at  the  upper  ]mrt  of  the  gland — that  is,  near 
the  bladder — becoming  looser  and  more  spongedike  toward  the  apex  of  the 
organ. 

The  ghmdular  HiibBtanm  is  composed  of  numerous  follicular  pouches,  opening 
into  elongated  canals,  which  join  to  foi*m  from  twelve  to  twenty  small  excretory 
ducts.  The  follicles  are  connected  together  bv  areolar  tissne,  supported  by 
prolongations  from  the  fibrous  capsule  and  muscular  stroma,  and  enclosed  in  a 
delieaie  capillary  plexus.  The  e|iithelium  lining  of  both  the  canals  and  the 
terminal  vesitdes  is  of  the  columnar  variety.  The  prostatic  ducts  oj>en  into  the 
floor  of  the   prostatic  portion  of  the  urethra. 

Vessels  mlA  Nerves. — -The  arten'es  supplying  the  prostate  are  derived  from  the 
internal  pudic,  vesical,  and  hfemorrhoidal.  Its  veimt  form  a  plexus  around  the  sides 
and  base  of  the  gland ;  they  receive  in  front  the  dorsal  vein  of  the  penis,  and 
terminate  in  the  internal  iliac  vein.  The  nerven  are  derived  from  the  pelvic 
plexus. 

Surgical  Aiiatomy.— Til  e  relation  of  the  pniatate  to  the  rectum  should  be  noted :  by  in  cans 
of  the  Hiii^tT  irjtr'irlueefi  iijto  the  gut  the  sar^reon  detects  enlargcuieivt  or  other  disease  of  this 
ortjan  ;  lie  eaa  ieel  the  apex  of  the  ^land,  whieh  is  the  cruide  to  t'oek's  operation  for  stricture  ; 
he  is  euabled  also  by  the  saiue  means  to  diret^t  the  ]x>iut  of  a  catheter  when  its  iutroduetinn  is 
Attended  with  difficulty  either  troni  injury  or  disease  of  the  membranous  or  prostatic  portions  of 
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tbe  uretlim.  Wlien  tht^  finger  is  introduced  into  the  l)Owd  the  surgeon  may,  in  Boml 
especially  in  boyj*,  learn  llie  position,  iis  well  as  the  stze  and  wei^ht^  ot'acaleulus  in  the  \ " 
and  in  the<iperation  for  its  removal,  if,  as  is  not  luirrvqnyntly  the  eiise,  it  should  be  l<xig€ 
an  enlarged  prostate,  it  mav  be  displaced  from  its  p<»t^itH»n  by  pressinif  upward  the  ba 
bladder  from  the  rectum.  The  prosUite  gland  ia  oecasioimlly  the  seat  of  suppuration,  eitl 
injury T  gonorrbtjea,  or  tul>erculous  disease.  The  ^rland,  beins  enveloped  in  a  <lense  iiq 
capsiide,  determine.^  the  i?oiirse  of  the  absctiss.  and  also  explains  the  great  pain  which 
in  the  acute  fnrm  of  tlie  dij*t'ti.*fe.  The  abst^ess  most  frerjuently  bursts  into  tFie  un 
direction  in  which  there  is  leaiit  resist4infi\  but  may  oeeusionally  burst  into  the  rectum, 
rarely  in  the  pL'rina?utn.  In  advanced  life  the  pnjstate  becomes  cotjsidcmblv  enlarged,  an 
jects  into  tljc  bhwider  so  as  to  impede  the  iiassaee  of  the  urine.  AccorJint,'  t*>  I>r.  J" 
reeearehes,  eonducteii  at  Greenwich  IlospitaJ,  it  would  seem  that  sucli  i»bslructiou  exil 
per  cent,  of  all  men  over  sixty  years  of  age.  In  Home  cases  tlie  enlargement  affects  j>f 
the  lateral  lubes,  which  may  undergo  ctinsiderable  enlargement  without  cuiisinsf  muc' 
venience.  In  other  cj\ses  it  would  seem  t bat  the  middle  lobe  enlarges  most,  and  evt 
enlargement  of  this  lobe  may  act  injuriously,  liy  f  »rming  a  sort  of  valve  over  the  uretlir 
preventing  the  passitge  of  the  uritie.  and  blocking  mure  completely  the  orifice  the 
ua ti en t  strains.  In  eoiisequc^nce  of  the  enlargement  of  the  pnistate  a  pouch  is  fornix 
base  uf  the  bladder  behind  the  projeetion,  in  whieb  water  eolleets  and  cannot  be  entirely 
It  becomes  decom|x>sed  and  ammoniaeah  and  leads  to  cystitis.  For  tli is  condition  "  pm 
tomy  **  is  sometimes  done.  The  bladder  is  opened  by  an  incision  al>iive  the  symphysis  pul 
mucous  meinbraue  incised,  and  the  enlarged  and  projecting  middle  lobe  enucleated,  " 

COWPBBS  GLAimS, 

Cowper's    Glands  are  two  siiiall   rouiided  and   somewhnt  lobiilated  be 
a  yellow  coh>r,  about  the  size  of  peas.  |>laced  behind  the  fore  part   of  th< 
brartou8  portion  of  the  urethra,  between  the  two  layers  of  the  deep  perineal^ 
They  lie  close  aliove  the  bulb,  and  are  enclosed  by  the  ti*an!>verJiie   fibres  \ 
Com|)ressor  urethne  miisLde.     Their  existence  is  said  to  be  constant :  they  ^r 
diminish  in  size  as  age  advances, 

Strticture* — Each  gland  consists  of  neveral  bdjules  held  together  by 
investment.  Eacii  lobule  consists  of  a  number  of  acini  lined  by  cd 
epithelial  cells,  opening  into  one  duct,  wbicb,  joining  with  the  tlncts  u( 
lobules  outside  the  gland,  fcjrm  a  single  excretory  duct.  The  excretory 
each  gland,  nearly  an  inch  in  length,  passes  obliquely  forward  beneatb 
mticous  membrane,  and  opens  by  a  minute  oritice  on  the  tloor  of  I  he  bn] 
portion  of  the  ni^ethra.  Their  existence  is  said  to  he  constant;  they 
diminish  in  size  as  age  advances, 

THE  PENIS. 

The  Penis  is  the  organ  of  copulation.    It  consists  of  a  root,  body,  and  extr 
or  glan»  penh. 

The  root  ig  firmly  connected  to   the  rami  of  the  ob  pubis  and  iaehitim 
strong  tapering,  fibrous  processes,  the  crura,  and   to  the  front  of  tlie  synit 
pubis  by  the  ttitHpcnfton/  ligament^  a  strong  band  of  fibrous  tissue  vhich 
downward  from  the  front  of  the  symphysis  pubis  to  the  npper  surface  of  l\ 
of  the  penis,  where  It  blends  with  the  fascial  sheatli  of  the  organ. 

The  exirtnfiiUf  or  glans  penia^  [*resents  the  form  of  an  obtuse  cone,  fla 
from  above  downward*  At  its  summit  is  a  vertical  fissure,  the  orifice 
nretbra  (mf^atus  urinfiriuH),  Tlie  Ikl^c  of  the  glans  forms  a  rouncb?d  i>roj 
border,  the  rorottti  i^IffftdiH^  and  behind  the  cornna  is  a  deep  const ricti<)j 
cervijc.  Upon  both  of  these  parts  numerous  small  sebaceous  glands  are  ! 
the  tjlaniJuhv  Tjfsonii  otiarifi'rfv.  They  secrete  a  sebaceous  matter  of  very  \m 
odor,  which  probably  contains  caseine  and  becomes  easily  decomposed, 

Tlie  bmh/  of  the  penis  is  the  part  between   the  root  and  extremity- 
flaccid  conclition  of  the   organ    it   is   cylindrical,  but  when  erect   has  a  trian^ 
prismatic  form  with  rounded  angles,  the   broadest  side  being  turned  npiward, 
called  the  dorsum.    The  body  is  covered  by  inTeguinent,  and  omtains  in  its  int 
a  large  portion  of  the  urethra.      The  integument  covering  the  penis  is  rema 
for  its  thinness,  its  dark  color,  its  looseness  of  connection  with  the  deep 
of  the  organ,  and  its  containing  no  adij>ose  tissue.     At  the  iTiot  of  the  p€ 


integument  is  continuous  with  that  upon  the  piibes  and  scrotum,  and  at  the 
neck  of  the  glans  it  leaves  the  stirface  and  becomes  foldetl  upon  itself  to  form  the 
prepuce* 

The  internal  layer  of  the  prepuce  h  attachei!  hehind  to  the  cervix,  and 
approaches  in  character  to  a  mucous  membrane  ;  from  the  cervix  it  is  reflected 
over  the  glans  penis,  and  at  the  meatus  urinarius  is  continuous  with  the  mucous 
lining  of  the  urethra. 

The  muct^tis  membrane  covering  the  glans  penis  contains  no  sebaceous  glands, 
but  projecting  from  its  fiee  surface  are  a  number  of  small,  highly  sensitive  papilla. 
At  the  back  part  of  tbe  meatus  urtiiariua  a  fold  of  mucous  membrane  passes  back- 
ward to  the  bottom  of  a  depressed  raphe,  where  it  is  continuous  with  the  prepuce; 
this  fold  is  termed  the  frtf'tHifn  prttputn. 

Structure  of  the  Penis. — Tlie  penis  is  composed  of  a  mass  of  erectile  tissue 
enclosed  in  three  cylindrical  fibrous  compartments-  \}f  these,  two,  the  corpora 
cavernosa^  are  placed  side  by  side  along  tbe  upper  |mrt  of  the  iU'gan:  the  thinl,  or 
corpus  spoHifioHtiffh  encloses  the  uretbra  and  is  jfhiccd  betow. 

The  Corpora  Cavernosa  form  the  chief  part  of  tbe  body  of  the  penis.  They 
consist  of  two  fibrous  cylindrical  tubes,  placed  side  by  side,  and  intimately 
connected  along  the  median  line  for  their  anterior  three-fourths,  whilst  at  their 
back  part  they  se[iarate  from  each  other  to  form  tbe  vritra,  which  are  two  strong 
tapering  fibrous  processes  firmly  connected  to  the  rami  of  the  ns  jiubis  and 
ischium.  Each  crus  commences  by  a  blunt -prunted  process  in  front  of  the 
tuberosity  of  the  ischium,  and  before  its  junctif»n  with  its  feUow  to  foiin  tbe 
body  of  the  penis  it  presents  a  slight  enlargement,  named  by  Kobelt  the  hiM 
of  the  corpus  camrnmnm.  Just  beyond  this  point  they  become  constricted, 
and  retain  an  equal  diameter  to  their  anterior  extremity,  where  they  form  a 
single  rounded  end  which  is  received  into  a  fossa  in  the  base  of  the  gbms  penis* 
A  median  groove  on  tbe  upper  surface  lodges  the  dorsal  vein  r)f  tbe  penis,  and  tbe 
groove  on  the  under  surface  receives  the  corpus  spongiosum.  The  root  of  the 
penis  is  connected  to  the  symiihysis  pubis  by  the  sus|ienBory  ligament. 

Structure* — The  corpora  cavernosa  aix*  surrounded  by  a  strong  fibrous  envelope, 
consisting  of  two  sets  of  fibres — tbe  one,  longitiidiiiiil  in  directifsn,  being  common 
to  the  two  corpora  cavernosa,  and  investing  fhem  in  a  common  covering ;  the 
other,  internal,  being  circular  in  direction,  and  beitig  proper  to  each  corpus 
eavernosum.  The  infernal  cireidar  fibres  by  their  junction  at  one  part  form  an 
incomplete  partition  or  septum  between  the  two  bodies* 

The  septum  between  the  two  corpora  cavernosa  forms  an  impei*fect  partition ; 
it  is  tbick  and  complete  behind,  but  in  front  it  is  incomplete,  and  consists  of  a 
number  of  vertical  bands,  which  are  arranged  like  the  teeth  of  a  coiub,  whence  the 
name  which  it  has  received,  septum  peethiifoyme.  These  bunds  extend  between 
the  dorsal  and  tbe  urethi%*il  surface  of  tbe  corpora  cavernosa.  This  fibrous  invest- 
ment is  extremely  dense,  of  considerable  thickness,  and  consists  of  bundles  of 
shining  white  fibres,  with  an  admixture  of  well-developed  clastic  fibres,  so  that  it 
i  s  possess  ed  of  g  r eat  elasticity. 

From  tbe  internal  surface  of  the  fihiYuis  envelope,  as  well  as  from  the  sides  of 
tbe  septum,  are  given  tjff  a  number  of  bands  or  cords  which  cross  tbe  inteinor  nf 
tbe  corpora  cavernosa  in  all  directions,  subdividing  them  into  a  number  of 
separate  compartments,  and  giving  the  entire  structure  a  spongy  appearance. 
These  bands  and  cords  are  called  trabecuh^^  and  consist  of  white  fibrous  tissue, 
elastic  fibres,  and  plain  muscpilar  fibres.  In  them  are  contained  numerous 
arteries  and  nerves. 

The  compcment  fibres  of  which  tbe  trabeculje  are  composed  are  latger  and 
stronger  round  tbe  circumference  tlian  at  the  centre  of  the  corpora  cavernosa; 
they  are  also  thicker  behind  than  in  front.  The  interspaces,  on  the  contrary,  are 
larger  at  tbe  centre  than  at  tbe  circumference,  their  long  diameter  being  directed 
transversely  ;  they  are  largest  anteriorly.  They  are  occupied  by  venous  blood, 
and  are  lined  by  a  layer  of  flattened  colls  similar  to  the  endothelial  lining  of  veins. 


9 


1152 


MALE    GENERATIVE    OROANS. 


The  whole  of  the  structure  of  the  corpora  cavernosa  contained  wi 
fibrous  sheath  consists,  therefore^  of  a  sponge-like  tissue  of  areolar  spac< 
communicating  with  each  other  and  filled  with  venous  blood.  Tlie  spa 
therefore  be  regarded  as  large  cavern* his  vehis. 

The  arteries  bringing  the  blood  to  these  spaces  are  the  arteries  of  the 
cavernosa  and  branches  from  the  dorsal  artery  of  the  penis,  which  perfoi 
fibrous  capsule,  along  the  upper  surface,  especially  near  the  fore  par 
organ. 

These  arteries  on  entering  the  eavernons  structure  divide  into  branch* 
are  supported  and  enclosed  by  the  trabecidni.  Some  of  these  termini 
capillary  network,  the  branches  of  which  open  directly  into  the  eavernoua 
others  assume  a  tendril-like  appearance,  and  ibrm  convoluted  and  m 
dilated  vessels,  which  were  named  by  MuJler  helicine  arteries.  They 
into  the  spaces,  and  from  them  ai*e  given  oif  small  cajiillary  branches  t6 
the  trabecidar  structure.  Tbey  are  bound  down  in  tlie  spaces  by  fin 
])rocesse8,  and  are  more  abundant  in  the  back  part  of  the  corpora 
(Fig.  737). 

The  blood  from  the  cavernous  spaces  is  returned  by  a  series  of  vess( 
of  which  emerge  in  considerable  numbers  from  the  base  of  the  glans   p 


Fk;.  737.— Fmin  the  periphi-ml  ptsrOon  of  the  corpus  cavern  us  um  jienis  mnJor  ii  low  titttmilfVil 
(Copied  frum  I^njk?»-r,)  L  a.  Capillary  Dt^twork.  b.  Cavdrnoua  epaues,  2,  (-oiiDcetioti  of  the  arterli^ 
wUh  tht*  cHVcnious  spacer.  ^^ 


converge  on  the  dorsum  of  the  organ  to  form  the  dorsal   vein :  othei^s   pas« 
tbe  upjter  surface  of  the  corpora  cavernosa  and  join  the  dorsal  vein;  some 
from  the  under  surface  of  the  corpora  cavernosa,  and,  receiving  branches  I 
corpus  spongiosum,  wind  round  tbe  sides  of  the  penis  to  terminate  in  the 
vein  ;  but   the  greater   number   pass    out  at   the   root  of  the  penis  and  jo; 
prostatic  ]>lexns,  J 

The  Corpus  Spongiosum  encloses  the  urethra,  and  is  situated  in  the  grdi 
the  under  surface  of  the  corpora  cavernosa*  It  commences  posteriorly  in  fn 
the  deep  |)erineal  fascia,  between  the  diverging  crura  of  the  corpora  eavj 
where  it  forms  a  rounded  enlargement,  the  hulh^  and  terminates  anterifl 
another  expansion,  the  ghnw  penis,  which  overlaj>s  the  anterior  rounded  exR 
of  the  corpora  cavernosa.  The  central  portion,  or  budy  of  the  corpus  sjiongi 
is  cylindrical,  and  ta|iers  slightly  from  behiml  fru'ward. 

The  Inilh  varies  in  si^e  in  different  subjects;  it  receives  a  fibrous  inv 
from  the  anterior  layer  of  the  deep  perineal  fascia,  and  is  surrounded  I 
Accelerator  urinse  muscle.  The  urethra  enters  the  bulb  nearer  its  upper  th 
lower  surface,  fjeing  surrounded  by  a  layer  of  erectile  tissue,  a  thin  prolo: 
of  which  is  continued  biukwanl  n>und  tlie  uiembranous  and  prostatic  poi 
the  canal  to  tlie  ueck  of  the  bladder,  lying  between  tbe  two  layers  of 
tissue.  The  ptu'tion  nf  the  bulb  below  the  urethra  presL^nts  a  |>artial  divii 
two  lobes,  being  marked  extei*nally  by  a  linear  raphe,  whilst  internal 
projects  inward,  for  a  short  distance,  a  thin  fibrous  septum,  more  di 
earlv  life. 
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structure. — The  corpus  spongiosum  consists  of  a  strong  fibrous  envelope, 
enclosing  a  trabecular  structure,  which  contains  in  its  meshes  erectile  tissue.  The 
fibrous  envelope  is  Thinner,  whiter  in  color,  and  more  elastic  than  that  of  the 
corpora  cavernosa.  The  trabeciihc  are  delicjite,  uniform  in  size,  iinil  the  meshes 
between  them  small,  their  bjng  diameter,  for  the  luost  part,  corresponding  with 
that  of  the  penis.  The  external  envelope  or  outer  coat  of  the  corpus  spongiosum 
is  formed  partly  of  unstriped  miisctilar  fibre,  and  a  layer  of  the  same  tissue  imme- 
diately surrounds  the  caiuil  of  the  iiretlira. 

The  hpitpkaticii  of  tfu^  pents  ctmsist  nf  a  superficial  and  deep  set;  tljc  ft>rmer 
are  derived  from  a  dense  network  on  the  skin  of  the  glans  and  prepuce  and  from 
the  nuicous  membrane  of  the  urethra,  and  terminate  in  the  superficial  inguinal 
glands;  the  latter  emerge  from  the  cor  pom  cavernosa  and  corpus  spongiosum,  and, 
passing  beneath  the  pubic  arch,  join  the  deep  lymfihatics  of  the  pelvis. 

The  nerveti  are  derived  from  the  internal  pudic  nerve  and  the  jtelvic  plexus.  On 
the  glans  and  btilb  some  fihiiuents  of  the  cutaneous  nerves  have  Pacinian  bodies 
connected  with  them,  and,  according  to  Krause,  many  of  them  terminate  in  a 
peculiar  form  of  euil-bulb. 

Surgical  Anatomy,— Tin?  penis  occasioniilly  ref|uires  removal  for  midignimt  disease. 
UsuallVt  reuiuvtil  of  ihv  ante-siTotiil  [uortitju  is  nW  tbsii  h  ueressury,  hut  s«iuictimes  it  is  re^juisite 
to  remove  the  whpic  orfsan  from  its  attachmeut  in  tbc  rami  of  the  os  pubis  arid  isehium.  The 
former  operation  is  perfiirmed  either  by  cutting  tiff  the  wbtjle  of  the  anterior  part  of  the  penis 
with  one  sweep  of  tne  knife,  or,  what  is  better,  ealtitjt!;  tlinitijtrh  the  corpora  eavernonii  from  tlie 
dorsnai,  arid  tbeti  separatiui?  the  corpus  spongiosum  from  tbem,  dividing  it  at  a  level  nearer  the 
glans  penis.  The  mucous  membnine  of  the  urethra  is  then  sbt  up,  and  llie  ed^es  of  the  flap 
attached  t<j  the  external  skin,  in  order  Ui  prevent  e<»ntraelion  of  the  oritice,  which  would  other- 
wise take  plsice.  The  vessels  wbieb  re<iuire  ligature  are  the  two  dorsal  arteriei*  of  the  penis,  the 
arterias  of  the  mrpora  eaverrjo^a.  ami  trie  artery  of  the  st^ptum.  When  the  entire  or^^aii  reouires 
removal  the  patient  is  plai-ed  in  the  lithotomy  position,  and  an  incision  is  made  rt)und  the  root 
of  the  penis,  and  earned  down  thf  Tuedtan  line  of  the  sentttim  as  far  as  l!ie  perinauun.  The 
two  halves  of  the  scrotum  are  tlien  separated  from  eaoh  other,  and,  a  catheter  having  lieen  intro- 
duced into  the  bladder  as  a  ^nnile.  the  memhranons  portion  f>f  the  urethra  is  sepanited  fn>m  the 
corpus  spongiosum  and  divided,  the  eatheter  havinif  been  withdrawut  just  behind  the  Inilb.  The 
8uspens4:)ry  lijiramont  is  now  sitvered,  and  «be  eruni  separated  th*m  the  bone  M'ith  a  peri«».sti'um 
8erjit>er  and  the  whole  penis  n^moved.  Tb*^  int'inliranous  portion  of  the  urethrii,  wbieb  has  not 
been  removed,  is  miw  U>  he  attaefied  to  iIk'  skin  at  the  posterior  extrenuty  of  the  iut^ision  in 
the  perina^um.  The  n^itiainder  of  the  ivoiind  is  to  he  brought  together,  free  drainage  being 
provided  tor. 


THE  TESTES  AND  THEIE  COYEEINGS  (Fig.  738). 

The  Testes  are  two  gbiiidubir  or<janR*  which  secrete  the  semen;  they  are  sit- 
uated in  the  scrotutti,  beitig  suspendctl  by  the  spermatic  cortls.  At  nn  early 
period  of  fifjctal  life  the  testes  are  contained  in  the  abdominal  cavity,  behind  the 
peritoneum.  Before  birth  they  descend  to  the  inguinal  canab  along  which  they 
pua^  with  the  spermatic  cord,  and,  emerging  at  the  external  abdominal  ring,  they 
descend  into  tlie  scrotum,  becoming  invested  in  their  course  by  numerous  coverings 
derived  from  the  serous,  muscular,  and  fibrou.*^  layers  of  the  tibdominal  parietes, 
as  Avell  as  by  the  scrotum.     The  coverings  of  the  testes  are — ^the 

Skin     ]   ^      , 

D.      }  bcrotum. 
artos  ) 

Intercolumnar,  or  External  spermatic  fascia. 

Cremasteric  fascia. 

Infyndihuliform,  or  Fascia  profoia  (Internal  spermatic  fascia). 

Tunica  vaginali.s. 

The  Scrotum  is  a  ctitaneinis  pouch  which  c<ui tains  the  testes  atid  part  of  the 
spermatic  cords.  It  is  divided  superficially  into  two  lateral  halves  by  a  median  line^ 
or  raphe^  which  is  continued  forward  to  the  under  surface  of  the  penis  and  backw^ard 
along  the  middle  line  of  the  perimeum  to  the  arms.  Of  these  two  bitera!  portions,  the 
left  is  longer  tlian  the  right,  and  corresponds  witli  the  greater  length  of  the  spermatic 
cord  on  the  left  side.     Its  external  aspect  varies  under  different  circumstances; 
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thus,  under  the  influeDce  of  warmth  an  J  in  oM  and  debilitated  persons  it 
eh:>ngated  and   i^aucid.  hut  under  the  inflnence  of  cold  and  in    the   young 
robust  it  is  short,  corrugated,  aud  ch^sely  ap]died  to  the  testes. 

The  scrotuoj  consists  of  two  layers,  the  integument  and  the  dartos. 

The  integument  is  \qy\  thin»  i\t*  a  browuisli  color,  and  generally  thrown  int^ 
folds  or  rugie.  It  is  provided  with  sebaceous  follicles,  the  secretion  of  which  haL« 
a  peculiar  odor,  and  is  beset  with  thinlv-scattered,  crisp  haii-s,  the  root«  of  which 
are  seen  through  the  skin. 

The  dartos  is  a  thin  layer  nf  loose  reddish  tissue,  endowed  with  con  I  rac  till  it: 
it  forms  the  proper  tunic  of  the  scrotum,  is  continuous,  around  the  base  of  the 
scrotum,  with  the  two  layers  of  the  superficial  fascia  of  the  groin  and  perina^nim 


Brternal  ftpfrmath  fascia. 
Cremasteric  ftucia." 
Inftindibtdiform  fascia, .. 
I\iriet<ti  tunica  vaginalU. 
Visceral  tunica  vagitialu^ 


Tunica  ettbuginea, 
A  MvU  of  ike  tesHde^J. 


MBiiMtinum,. 

IXgiM  foMd.^ 

Spermatic  t*«w,__^ 

EpididjfmU.  _^ 

Vas  defertmt.,^ 

Artery  ta  to*.— 

Ppermaiic  afierjf..- 

Jni^mat  mitntidar.^ 

iunie  of  K&Uiker. 


i"^: 


%'^m\ 


t^ry^f 


L?e^^' 


Fig.  TSa—Tmnsvewe  aeetlon  ihroui^h  the  left  side  t>f  iht  ^i-njlum  mid  Uie  left  testicle.    The  sac  oltki 
lunicA  raglimllK  ri'iiroaentcd  in  a  dlstetiiled  cotnlilioa.    (I>tfli'piiie4 

and  sends  inward  a  distinct  septum,   septum  srnyti\  which    divides    it    into 
cavities  for  the  twf)  testes,  the  septum  extending  hetween  the  raphe  and  the  under 
surface  of  the  penis  as  far  as  its  root. 

The  dartos  is  closely  united  to  the  skin  externally,  but  connected  with  ihe 
subjacent  parts  by  delicate  areolar  tissue,  upon  winch  it  glides  with  the  greatest 
facility.  The  dartos  is  very  vascular,  and  consists  of  a  loose  areolar  tissue  con- 
taining unstriped  muscular  fibre,  but  no  fat.  Its  contractility  is  slow,  and  excited 
by  cold  !jnd  nirchauicLil  stirauli,  btit  not  by  electricity. 

Tlie  intercolumnar  fascia  is  u  thin  membrane  derived  from  the  margin  of  tin 
pillars  of  the  external  abtlomiiial  ring,  during  the  flescent  of  the  testes  in  the 
iVctus,  which  is  prolonged  downward  around  the  surface  of  the  cord  and  testis.  It 
is  separated  from  the  dartos  hy  loose  areolar  tissue,  which  allows  of  conf^iderahle 
movement  «jf  the  latter  upon  it,  but  is  intimately  connected  with  the  succeecli&| 
layers. 

The  cremasteric  fascia  cousisls  of  scattered  bundles  of  muscular  fibres 
{CWrfifufer  ntuH*'}*)  connected  toijetber  into  a  ctuilmutuis  covering  by  intermeJimte 
areolar  tissue.  The  luuscular  fibres  are  continuous  with  tlie  lower  border  of  the 
Internal  oblique  muscle  of  the  abdomen. 

The  fsiscia  propria  is  a  thin  memljranous  layer  which  loosely  invests  tki 
surface  of  the  cord.  It  is  a  coutintmti<ui  downward  of  the  infundibulifonn  process 
of  the  fascia  transversalis  and  the  sub|*eritoneal  areolar  tissue,  and  is  aci|mftid 
during  the  descent  of  the  testis  in  the  fictus. 
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THE    TESTES. 

The  tunica  vaginalis  is  described  with  the  proper  covering  of  the  testis. 

Vessels  and  Nerves, — The  arteries  supplying  the  coverings  of  the  testis  are ; 
the  superficial  iind  deep  external  pudic,  from  the  femoral ;  tht*  superficial  perineal 
branch  of  the  internal  pudic;  and  the  cremasteric  branch  from  the  epigastric.  The 
veins  follow  the  course  of  the  corresponding  arteries.  The  It/ttiphativn  terminate 
in  the  inguinal  glands*  The  nervea  are  :  the  ilio-inguinal  branch  of  the  lumbar 
plexu*?,  the  two  superficial  perineal  branches  of  the  internal  pudic  nerve,  the  inferior 
pudendal  branch  of  the  smsill  sciatic  nerve,  and  the  genita!  branch  of  the  gen i to- 
crural  nerve. 

The  Spermatic  Cord  extends  from  the  internal  abdominal  ring,  where  the 
structures  of  which  it  is  composed  converge,  to  the  back  part  of  the  testicle,  ^n 
the  abdominal  wall  the  cord  passes  obliquely  along  the  inguinal  canal,  resting  on 
Poupart*s  ligament.  It  lies  at  first  between  the  Internal  obli^jue  and  the  fxscta 
transversal  is  ;  but  nearer  the  pubes  it  has  the  aponeurosis  of  the  External  oblique 
in  front  of  it  and  the  conjoined  tendon  hehind  it.  It  then  escapes  at  the  external 
ring,  and  descends  nearly  vertically  into  the  scrotum.  The  left  cord  is  rather 
longer  than  the  right,  consequently  the  left  testis  hangs  somewhat  lower  than  its 
fellow. 

Structure  of  the  Spermatic  Cord.— The  spermatic  cord  is  composed  of  arteries, 
veitis,  lymphatics,  nerves,  the  excretory  duct  of  the  testicle,  and  a  thin  fibrous 
cord,  the  rtmainH  of  the  pt^ritonra!  poueliy  caused  by  the  descent  of  the  testicle. 
These  structures  are  connected  together  hy  areolar  tissue,  and  invested  by  the  fas- 
d-dd  brought  down  by  the  testicle  in  its  descent. 

The  itrterles  of  the  cord  are  :  the  spermatic,  from  the  aorta  ;  the  artery  of  the 
vas  deferens,  from  the  superior  vesical  ;  the  cremasteric,  from  the  deep  epigastric. 

The  Hpermatic  arterif,  a  branch  of  the  abdominal  aorta,  escapes  from  the 
abdomen  at  the  internal  or  deep  uhdruninal  ring,  and  aecrunpanies  the  other  con- 
stituents of  the  spermatic  cord  along  the  inguinal  caniil  and  through  tlie  external 
abdominal  ring  into  the  scrotum-  It  then  descends  to  the  testicle,  and,  becoming 
tortuous,  divides  into  several  branches,  two  or  three  of  which  accompany  the 
vas  deferens  and  supply  the  epididymis,  ana^^tomosing  with  the  artery  of  the  vas 
deferens  ;  others  pierce  the  back  of  the  tunica  albuginea  and  supply  the  substance 
of  the  testis. 

The  eremfi»U:rk'  artriy  is  a  branch  of  the  deep  epigastric  artery.  It  accom- 
panies the  spermatic  cord  and  supplies  the  Oremaster  muscle  and  other  coverings 
of  the  cord,  anastomosing  with  the  spermatic  artery* 

The  arteri/  of  the  vas  deferens,  a  branch  of  the  superior  vesical,  is  a  long  slender 
vessel  which  accompanies  the  vas  deferens,  ramifying  upon  the  coats  of  that  duct, 
and  anastomosing  with  the  S[»enuatic  artery  near  fhe  testis* 

The  spermatic  veins  emerge  from  the  back  of  the  testis  and  receive  tributaries 
from  the  epididymis;  they  unite  and  form  a  convoluted  pK^xna  ( phi'm  pamplfH- 
fonnu)^  which  forms  the  chief  mass  of  the  cord  :  the  vessels  composing  this  plexus 
are  very  numerous,  and  ascend  along  the  cord  in  front  of  the  vas  deferens  ;  below 
the  external  or  superficial  abdnminal  ring  they  unite  to  foi^m  three  or  four  veins, 
which  pass  ahmg  the  sjiermatic  canal,  and,  entering  the  jibdomen  through  the 
interual  or  dee[>  abdominal  ring,  e<jalesce  to  form  two  veins.  These  again  unite  to 
form  a  single  vein,  which  opens  on  the  right  side  into  the  inferior  vena  cava  at  an 
acute  angle,  and  on  the  left  side  into  the  renal  vein  at  a  right  angle. 

The  hjmphatie  vesmls  terminate  in  the  lumbar  glands. 

The  nerves  are  the  spermatic  plexus  from  the  sympathetic,  joined  by  filaments 
from  the  |)elvic  plexus  which  accompany  the  artery  of  the  vas  deferens. 

Surgical  Anatomy. — The  H^'rtituni  fi»rms  an  a<hniniWe  coverim?  fur  the  |)njtectioa  td' ilie 
testicle.  This  hv^^lyr  tyinir  suspended  and  loose  in  the  eavity  of  the  seroturn  and  surraimded  hy 
a  aeruus  membnine,  is  capable  of  itrreai  u»Mbility,  and  can  thcrofore  eiisily  slip  alxiut  within  the 
scrt»tum,  and  thus  avoid  injuries  from  hlow:^  or  sriueezes.  The  skin  of  the  srrotum  is  very 
elastic  and  capable  of  irreat  distension,  and  on  nt^H^nnt  of  the  looseness  and  ainoiuu  of  snWu- 
taneous  tissue  the  scrotum  beeoaies  mreatly  ijjditriiud  in  rsuses  uf  cedema,  to  which  this  part  is 
especially  liable  on  iiecoaut  of  ita  dei>eadent  position.     The  scrotum  is  fi*et|uently  the  seat  of 
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epithelioma ;  this  h  no  duiibt  due  tu  tlie  ru^ie  on  its  siirfat-e,  which  favor  the  lodciiietit  of  ^lirt, 
and  this,  causinj^  irritatiun,  is  the  exciting  cause  of  the  dise»£^,  which  is  especiaEly  comnicjn  in 
chimney-sweeps  i'rom  the  lodgment  of  iwjot.  The  scrotum  iis  also  the  part  most  frequcntlx 
affected  by  elephantiasis. 

i In  aet'ount  of  the  IcKtsoness  uf  the  sul»cutaneoujj  tIsvSiie  eoiii*iderable  extravasations  of  blood 
may  t^ike  \Am^  fn»m  very  flight  injurieij.  h  is  therefore  generally  reeomniendeti  never  to  applf 
leeches  to  the  serotiuiL  si  nee  they  may  lead  to  considerable  ecchymositi,  but  rather  to  punHnnj 
one  or  more  of  the  i^iiperfieial  veins  of  the  st;rotnm  in  eaj^es  where  Im^al  bloodletting  ln>in  tliu 
part  is  judged  to  be  desirable.  The  muscular  fibre  in  the  dartos  eau&es  contrai-'tion  atid  cutihitUT 
able  diminution  in  the  size  of  a  W(.iiin<i  of  the  seTOtum,  x\^  af*ter  the  openition  of*  itistracion,  aoo 
is  of  ii4>Histaiiee  in  keeping  the  e<lges  together  and  covering  the  exposed  partsv. 


TKE  TESTES, 


The  Testes  are  suspended  in  the  .scrotum  by  the  spermatic  curds.  As  the 
spermatic  cord  is  rather  longer  than  the  right  one,  the  left  testicle  hang^  somewhif 
lower  than  its  fellows  Each  gland  is  of  an  oval  form,  compressed  laterally,  and 
having  an  oblique  position  in  the  scrotum,  the  ripper  extremity  being  directed 
forward  and  a  little  outward,  the  lower,  backward  and  a  little  inward  ;  the  anterior 
convex  border  looks  forward,  outward,  and  downward  ;  the  posterior  or  straight 
border,  to  which  the  cord  is  attached,  inward,  backward,  and  upward. 

The  anterior  border  and  lateral  surfact^s,  a-s  well  as  both  extremities  of  tlie 
organ,  are  convex,  free,  smooth,  and  invested  by  the  tunica  vaginalis.  The 
posterior  border,  to  which  the  cord  is  attached,  receives  only  a  partial  invcstt* 
ment  from  that  membrane,  Lying  along  this  posterior  bonier  is  a  long,  narron. 
flattened  body,  named  from  its  relation  to  the  testis,  the  epididymis  (diSupo^^ 
testis).  It  consists  of  H  central  portion,  wboih/:  an  upper  enlarged  extremity,  tht 
(/iobits  majof\  or  head  :  and  a  lower  pointed  extremity,  the  tail,  or  tjlohua  minor, 
Tlie  globus  major  is  intimately  connected  with  the  upper  end  of  the  testicle  by 
means  of  its  efferent  ducts,  and  the  globus  minor  is  connected  with  its  lower  end 
by  cellular  tissue  and  a  t^eflection  of  the  tunica  vaginalis.  The  outer  surface  and 
npper  and  lower  ends  of  the  e^ddidymis  are  free  and  covered  by  serous  membrane^ 
the  b<Kly  is  also  completely  invested  by  it,  excepting  along  its  [josterior  UoHcr. 
The  e|ddidymis  is  connected  lo  the  back  of  the  testis  by  a  fold  of  the  serous  mem- 
brane. Attached  to  the  upper  end  of  the  testis  or  to  the  ejddidymis  are  one  or 
more  small  pedunculated  bodies.  One  of  them  is  pretty  constantly  found  between 
the  globus  major  of  the  epididymis  and  the  testicle,  and  is  believed  to  be  the 
remains  of  the  up]>er  extremity  of  the  Miillerian  dnct  (page  136).  It  is  termed 
the  ht/datiti  of  Morgagui  When  the  testicle  is  removed  from  the  body. 
position  of  the  vas  deferens,  on  the  posterior  surface  of  the  testicle  and  inner 
of  the  epididymis,  marks  the  side  to  which  the  gland  has  belonged. 

Size  and  Weight.-— The  avei^age  dimensions  of  tliis  gland  are  from  one  ^sd  i 
half  to  two  inches  in  length,  one  inch  in  breadth,  and  an  inch  and  a  quarter  in  the 
antero-posterior  diameter,  and  the  weight  varies  from  six  to  eight  dracbnis^  the 
left  testicle  being  a  little   the  larger. 

The  testis  is  invested  by  thix^e  tunics — the  tunica  vaginalis,  tunica  albuginea. 
and  tunica  vascnlosa. 

The  Tunica  Vaginalis  is  the  serous  covering  of  the  testis.  It  is  a  pouch  rf 
serous  membrane,  derived  from  the  peritoneum  during  the  descent  of  the  testis  ill 
the  fectus  from  the  abdomen  into  the  scrotum.  After  its  descent  that  portion  of 
the  pooch  which  extends  from  the  internal  ring  to  near  the  uj>per  part  of  the  gland 
becomes  obliterated,  the  b>wer  portion  remaining  as  a  shot  sac,  which  invests 
the  outer  surface  of  the  testis,  and  is  reflected  on  to  the  internal  surface  of  the 
scrotum;  hence  it  may  he  described  as  consisting  of  a  visceral  and  parietal 
portion. 

The  viseeral  purtlun  {tunwa  intgimdi^  proj^ria)  covers  the  outer  surface  of  the 
testis,  as  well  as  the  epididymis,  connecting  the  latter  to  the  testis  by  means  of  t 
distinct  fold  forming  a  depression,  the  digital  fossa.  From  the  posterior  border  of 
the  ffland  it  is  reflected  on  to  the  internal  surface  of  the  scrotum. 
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The  parietal  portion  of  the  serous  jnemhrane  (tunica  vaginalis  refiexa)  is  far 
pore  extensive  than  the  visceral  portion,  extending  upward  for  some  distance  in 
front  and  on  the  inner  side  of  the  cord,  and  reaching  behav  the  testis.  The  inner 
surface  of  the  tunica  vaginalis  is  free,  smooth,  and  covered  by  a  layer  of  endothelial 
cells.  The  interval  between  the  visceral  and  parietal  layers  of  this  membrane 
constitutes   the   cavity  of  the   tunica  vaginalis. 

The  obliterated  portion  of  the  pouch  may  generally  be  seen  as  a  fibro-celhilar 
thread  lying  in  the  loose  areolar  tissue  around  the  spermatic  cord;  sometimes  this 
may  be  traced  as  a  tlistinct  band  from  the  upper  end  of  the  inguinal  canal,  where 
it  ia  connected  with  the  peritoneum,  down  to  the  tunica  vaginalis;  sometimes  it 
gradually  becomes  lost  on  the  spermatic  cord, 
Occa^iionally  no  trace  of  it  can  be  detected.  In 
some  cases  it  happens  that  the  pouch  of  peri- 
toneum does  not  become  obliterated,  but  the  sac 
of  the  peritoneum  communicates  with  the  tunica 
vaginalis.  This  may  give  rise  to  one  of  the 
varieties  of  oblique  inguinal  hernia  (page  1191). 
Or  in  other  cases  the  ponch  may  contract,  but 
not  become  entirely  obliterated;  it  then  forms 
a  minute  canal  lea<ling  from  the  peritoneum  to 
tlie  tunica  vaginalis. ^ 

The  Tnidca  Albuginea  is  the  fibrous  cover- 
ing of  the  testis.  It  is  a  dense  fibrous  mem- 
brane, of  a  bluish- white  color,  composed  of 
bundles  of  white  fibrous  tissue,  which  interlace 
in  every  direction.  It^  outer  surface  is  covered 
by  the  tunica  vaginalis,  except  along  its  poste- 
rior border,  at  the  points  of  attachment  of  the 
epididymis ;  bence  the  tunica  albiiginea  may 
be  considered  as  a  fibro-scrous  membrane, 
like  the  pericardium.  This  membrane  stir- 
rounds  the  glatuhilar  structure  of  the  testicle, 
and  at  its  posterior  border  is  reflected  into  the  interior  of  the  gland,  forming  an 
incomplete  vertical  septum,  called  the  juedi^iMifium  tent  is  (tjorpus  HighmorianHmy 

The  mefhmtinum  testis  extends  from  the  upper,  nearly  to  the  lower,  border  of 
the  gland,  and  is  wider  above  than  below.  From  the  front  and  sides  of  thia  sejituni 
numerous  slender  fibrous  conls  and  imperfect  septa  (fraheritift)  are  given  off,  which 
radiate  toward  the  surface  of  the  organ,  and  are  attached  to  the  inner  surface  of 
the  tnnica  albtiginca.  They  therefore  divide  the  interior  of  the  organ  into  a 
number  of  incomplete  spaces,  which  are  somewhat  cone-shaped,  being  broad  at 
their  bases  at  the  surface  of  the  gland,  and  becoming  narrower  as  they  converge  to 
the  mediastinum.  The  mediastinum  supports  the  vessels  and  ducts  of  tbt-  testis 
in  their  passage  to  and  from  the  substance  of  the  gland. 

The  Tunica  VascnloBa  (  pift  mattr  testis)  is  the  vascular  layer  of  the  testis, 
consisting  of  a  plexus  of  blood-vessels  held  together  by  a  delicate  areolar  tissue. 
It  covers  the  inner  surface  of  the  tunica  albiiginea  and  the  different  septa  in  the 
interior  of  the  gland,  and  therefore  forms  an  internal  investment  to  all  the  spaces 
of  which  the  gland  is  composed. 

Stnicture* — The  glandular  stnicture  of  the  testis  consists  of  numerous  lobriles 
{hhnfi  frstin).  Their  number-  in  a  single  testis,  is  estimated  by  Berres  at  250,  and 
by  Krause  at  400.  They  differ  in  size  according  to  their  position,  those  in  tba 
middle  of  the  gland  being  larger  and  longer.  The  lobules  are  conical  in  shape, 
the  base  being  directed  toward  the  circumference  of  the  organ,  the  apex  toward  the 

'  It  IS  recoHed  that  in  the  [KMt-tnortem  exnminnlioii  of  Sir  Aalley  *A>o[>cr  this  minute  caual 
wan  found  on  both  sides  of  ih^  Ixidv*  Sir  Aslley  *  ntiper  titalfH  ihsit  wht-n  a  sUident  he  suffered  fmni 
iiiiruinid  Jiirtiia;  probiibly  this  was  of  the  mnijenital  vuriety,  and  the  canal  found  after  death  wils  the 
refiiiina  of  the  one  down  which  llie  hernia  tmvelled  fLtincW,  vol.  li-,  1824,  p.  Ilt5). 


Fio.  739.— The  testis  in  fiht,  the  tunlcft 
vagitiaUs  hnviDg  been  Ittid  open. 
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mediastinum.  Each  lobule  is  contained  in  nne  of  the  intervals  between  the  fib] 
cords  and  vascular  processes  which  extend  between  the  mediastinum  testis 
the  tunica  albuginea,  and  consists  of  from  one  to  three  or  more  minute  convol 
tubes,  the  tubuU  m'mm(fert\  The  tnhes  may  be  separately  unravelled  by  carefal 
dissection  under  water,  and  may  be  seen  to  commence  either  by  free  csecal  ends  or 
by  anastomotic  loops.  The  total  number  of  tubes  ia  considered  by  Munro  to  be 
about  300,  and  the  length  of  each  about  sixteen  feet;  by  Lauth  their  number  if 
estimated  at  840,  and  their  average  length  two  feet  and  a  quarter.  The  diameter 
varies  from  ^^  to  j-J-jy  of  an  inch.  The  tubuli  are  pale  in  cohir  in  early  life*  but 
in  old  age  they  acijuire  a  deep  yellow  tinge  from  containing  much  fatty  matter. 
They  cousist  of  a  membrana  propria,  inside  which  are  several  laj^ers  of  epithelial  cells, 
the  semmal  edh.  The  membrana  propria  is  a  hyaline  structure,  consisting  of  severJ 
membranous  layers,  containing  oval  tlattened  nuclei  at  regular  intervals,  sujier- 
imposed  on  one  another.  The  seminal  cells  or  lining  epithelium  differ  in  different 
tubules.  In  some  tubes  they  may  be  seen  to  consist  of  an  outer  layer,  next  l^ 
membrana  propria,  and  two  or  more  layers  of  inner  cells.  The  former  cells  aw 
more  or  less  polyhedral  in  shape,  uniform  in  size,  and  contain  an  oval  or  spberictl 
nucleus  ;  the  latter  cells,  those  comprising  the  inner  layers,  are  spherical  and  monp 
loosely  connected  together.  The  nucleus  of  most  or  all  of  them  is  in  the  procea 
of  indirect  division  (kart/o kinesis^  page  40),  and  in  consequence  of  this  numerois 
small  spherical  daughter-cells  are  to  be  seen,  lying  nearest  to  the  lumen  and  closely 
connected  t<tgether.  These  small  daughter-cells  are  named  spermatobiasts^  and  by 
a  series  of  changes  become  converted  into  spermatozoa.  In  other  tubes  the  gradaal 
transition  of  the  spermatoblasts  into  spermatozoa  may  be  traced.  In  some  tubes 
or  parts  of  tubes  the  daughter-cells  may  be  seen  to  have  assumed  a  pear  shape* 
with  the  pointed  end,  in  which  the  nucleus  is  to  be  found,  directed  toward  the 
inner  seminal  cells,  while  the  broad  part  In  directed  into  the  lumen  of  the  tube. 
In  other  parts  of  a  tube  the  broad  end  may  he  seen  to  have  become  elongated  ini^* 
a  rod*shaped  body,  which  constitutes  the  mitldle  piece  of  the  spermatozoon^  while 
the  nucleus  forms  the  head.  Again,  in  other  parts  of  the  tubes  theste  yoiui^ 
spermatozoa  may  be  seen  collected  together  into  fan -shaped  groups,  and  from  rheir 
distal  end — that  is  to  say,  the  end  projecting  into  the  lumen  of  the  tube — ^a  tliin 
long  iilatnent,  called  the  tail,  is  growing  out  In  the  young  subject  the  seniioil 
cells  present  somewhat  the  appearance  of  an  epithelial  lining,  and  do  not  almost 
fill  the  tube,  as  in  the  adult  testis. 

The  tubules  are  enclosed  in  a  delicate  plexus  of  capillary  vessels,  and  are  hdd 
together  by  anintertubular  connective  tissue,  which  presents  large  interstitialspanj© 
lined  by  endothelium,  which  are  believed  to  be  the  rootlets  of  lymphatic  n 
of  the  testis. 

In  the  apices  of  the  lobule.s  the  tiibtdi  become  less  convoluted,  assume  a  nejirlf 
straight  course,  and  unite  together  to  form  from  twenty  to  thirty  larger  diicts^  of 
about  ^  of  an  inch  in  diameter,  and  these,  from  their  straight  course,  are  called 
vma  rt-eta  or  tuhuH  rectL 

The  vtim  recta  enter  the  fibrous  tissue  of  the  mediastinum,  and  pass  upwanl 
anil  backward,  forming,  in  their  ascent,  a  close  network  of  anastomosing  tubes^ 
which  are  merely  channels  in  the  fibrous  stromu,  having  no  proper  walls;  ihi 
constitutes  the  rete  testis.  At  the  upper  end  of  the  mediae? tinum  the  vessels  of 
the  rete  testis  terminate  in  from  twelve  to  fifteen  or  twenty  ducts,  the  f*aM 
efftrentia  :  they  perforate  the  tunica  albiiginea,  and  carry  the  seminal  tluiil  from 
the  testis  to  the  epididymis.  Their  course  is  at  first  straight ;  they  then  become 
enlarged  and  exceedingly  convoluted,  and  form  a  series  of  conical  mtisses,  the  eoni 
V(tsctiitmt\  which,  together,  constitute  the  gloluis  major  of  the  epididymis.  Each 
cone  consists  of  a  single  convoluted  duct  from  six  to  eight  inches  in  length,  the 
diameter  of  which  gradually  decreases  from  the  testis  to  the  epididymis.  Oppo- 
site the  bases  of  the  cones  the  efferent  vessels  open  at  narrow  intervals  iiiti 
single  duct,  which  constitutes,  by  its  complex  con  volutions,  the  body  and  i 
minor  of  the  epididymis.     When  the  convolutions  of  this  tube  are  nnravej 
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Fig.  7lrt.— Verttcal  section  «>f  the  tc§ll- 
clt.%  to  show  the  arrangemeut  of  Ihe  duct». 


measures  upward  of  twenty  feet  in  length,  and  increases  in  breadth  and  thick- 
ness ns  it  approaches  the  vas  deferens.  The  convolutions  are  held  together  by  fine 
ai^eolur   tis&ue    and  by   bands   of   tibrons  tissue. 

The  vasa  recta  are  of  smaller  diameter  than 
the  seminal  tubes,  antl  have  very  thin  parietes. 
They,  as  well  as  the  channels  of  the  rete  testis, 
are  lined  by  a  single  layer  of  flattened  epithe- 
lium. The  vasa  elferentia  and  the  tube  of  the 
epididymis  have  wails  of  eouf^iderable  thickness, 
on  account  of  the  presence  in  them  of  muscular 
tissue,  which  is  principally  arranged  in  a  circidar 
manner.  These  tubes  are  lined  by  cohnnnar 
ciliated  epithelium. 

The  Vas  Deferens^  the  excretory  duct   of  the 

testis,   is   the    continuation   of    the    e[iididymis. 

Commencing  at   the  lowt-r    ]>art  of   the    globus 

minor,  it  ascends   ah^ng  the  posterior  border  of 

the  testis  and  inner  side  of  the  epididymis,  and 

along    the   back    part    of    the    spermatic    cord, 

through  tiie  s|>ermutic  canal  to  the  internal  or 

deep  abdominal  ring.     From  the  ring  it  curves 

round  the  outer  side  of  the  epigastric   artery, 

crosses  the  external  iliac  vessels,  and  descenus 

into   the  pelvis  at  the  side  of  the  bladder;    it 

arches    backward    and    downward    to    its    base, 

crossing  over  the  *>bliterated  hypogastric  artery 

and  to  the  inner  side  of  the  ureter.    At  the  base 

of  the  bladder  it  lies  between  that  viseus  aii<i  the  rectum,  running  along  the  inner 

border  of   the  vesicula  seminal  is.     In   this  situation   it  becomes   enlarged  and 

- 
sacculated,  fcirming  the  a?npuUa^  and  then,  becoming  narrowed  at  the  base  i»f  the 

prostate,  unites  with  the  duct  of  the  vesicula  seminal  is  to  form  the  ejaculatory 

duct.     The  vas  deferens  presents  a  hard  and  cord-like  sensation  to  the  fingers;  it 

is  about  two  feet  in  length,  of  cylindrical  form,  and  about  a  line  and  a  quarter  in 

diameter,      Irs  walls  are  dense,  measuring  one-third   of  a  line,  and  its   canal  is 

extremely  small,  nit^asuring  uboiit  half  a  line. 

Structure.^ — ^The  vas  deferens  consists  of  three  coats :  1.  An  external  or  cellular 
coat.  2.  A  muscular  coat,  which  in  the  greater  part  of  the  tube  consists  of  two 
layers  of  unstriptfd  muscular  fibre:  an  outer,  longitudinal  in  direction,  and  an 
inner,  circular  ;  but  in  additinn  to  these,  at  the  commencement  of  the  vas  ileferens^ 
there  is  a  third  layer,  consisting  of  longitudinal  fibres,  placed  internal  to  the  circular 
stratum,  between  it  and  the  mucous  membrane.  3.  An  internal  or  mucous  coat, 
whifh  is  pale,  and  arranged  in  longitudinal  folds;  its  epithelial  covering  is  of  the 
columnar  variety. 

A  long  narrow  tube,  the  f'(t8  aberrant  of  Halhr^  is  occasionally  found  connected 
with  the  lower  part  of  the  caual  of  the  epididymis  or  with  the  commencement  of 
the  vas  deferens.  It  extends  up  into  the  cord  tor  about  two  or  three  inches,  where 
it  terminates  by  a  blind  extremity,  which  is  occasionally  bifurcated.  Its  length 
varios  from  an  inch  and  a  half  to  fourteen  inches,  and  sometimes  it  becomes  dilated 
toward  its  extremity ;  more  commonly  it  retains  the  same  diameter  throughout. 
Its  structure  is  similar  to  that  of  the  vtis  deferens.  Occasionally  it  is  found  uncon- 
nected with  the  epididymis,     (For  organ  of  (lirahl^s  or  paradiilymis  see  page  136). 

Surgical  Anatomy. — ^The  testicle  freouenily  K-qiiires  removal  for  mali^rnanl  disease ;  in 
tuberculous  diH?!ise,t( I  itrevent  systernir  inleetion ;  In  r-ystie  disease;  io  eases  of  large  hernia 
testes,  and  ia  some  instun(*os  nf  incomi^lek  !>■  dc»*n*tifled  or  niisplm^^d  testiele.  and  for  jirLtstatic 
hypertrophy.  Tlie  ojionition  is  a  eoinpanitiveK'  sim(>le  tine.  An  ini'lHion  is  made  irt:>m  the 
external  riaj^  to  the  tmtlom  of'  i\\^  s<*roiuni  into  tlie  tniika  vatriivrdts,  Tlr*^  rovmnjLfs  are  shelled 
off  the  organ,  and  the  niLsorehium,  iitrtlthinir  betwi^ii  the  back  of  the  testicle  and  the  s<TOtara, 
divided.     The  cord  is  then  isolated,  and  an  aneurism  needle,  anned  with  a  double  ligature, 
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passed  under  it,  aft  liigli  as  m  thought  necessary,  and  the  cord  tied  in  two  {ila<?e&,  and  diT-, 
petw<3cn  the  ligatures,  Sometimes,  in  caaes  of  malignant  disease,  it  is  desirable  to  open  1 
inguinal  canal  and  tie  the  cord  as  near  the  internal  ahdominal  ring  as  possible. 

VESICUL-S    SEMIHMiES, 

The  Semmal  Vesicles  are  two  lubulated  menibranous  poucbes  placed  between  the 
base  of  the  bladder  and  the  rectwiri,  serving  as  reservoirs  for  the  semen,  and  secreting 
a  fluid  to  be  added  to  the  secretion  of  the  testicles.  Each  sac  is  somewhat  pyrauiidid 
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Fig.  74L— Base  of  the  bladder,  wUli  Lhi:  vasa  dulLrLHilia  and  vt.'sicula.-  sctuIttAlcift. 


in  form,  the  broad  en<]  being  di  reeled  backward  and  the  narrow  end  forward  tow  at 
the  prostate.  They  measure  about  two  and  a  half  inches  in  lenglh,  about  five  lioei 
in  breadtb,  and  two  or  three  lines  in  thickness.  They  vary,  however,  in  sii  ~ 
not  only  in  different  individuals,  but  also  in  the  same  individual  on  the  two  side 
Their  upper  surfave  is  in  contact  with  the  base  of  the  bladder,  extending  from  near 
the  termination  of  the  ureters  to  the  base  of  the  prostate  gland.  Their  under  tturfacf 
rests  upon  the  rectum,  from  which  they  are  separated  by  the  recto-vesical  fa^icia. 
Th^if  posterior  extremities  diverge  frtmi  each  other.  I'hi^W  anterior  ejrtreftiitiejf  are 
pointed,  and  converge  toward  the  base  of  the  prostate  gland,  where  each  joins  with 
the  corresjjonding  vas  deferens  to  fV)rm  the  ejacnlatorv  duct.  Along  the  inner 
margin  of  eaeli  vesicula  rims  the  enlarged  and  convoluted  vas  deferens.  The  inner 
border  of  the  vesiculae  and  the  corresponding  vas  deferens  form  the  lateral 
boundaries  of  a  triangular  space,  limited  behind  by  the  recto-vesical  peritoneal 
fold  ;  the  portion  of  the  bladder  included  in  this  spaee  rests  on  the  rectum,  itt 
antero-inferior  portion  correspoiKling  with  the  trigoniim  vesicie  in  its  interior. 

Each  vesicula  consists  of  a  single  tube,  coiled  upon  itself  and  giving  off  several 
irregular  cfeeal  diverticula,  the  separate  ccdls,  as  well  as  the  diverticula,  being 
connected  together  by  fibrous  tissue.  When  uncoiled  this  tube  is  about 
diameter  of  a  «|uill,  and  varies  in  length  from  four  to  six  inches;  it  termitisl 
posteriorly  in  a  eul'de-aae  ;  its  anterior  extremity  becomes  constricted  into  a  naf 
row  stniight  duct,  which  joins  on  its  inner  side  with  the  corresponding  vas  deferei 
and  forms  the  ejaeulatorv  duct. 

The  ejaculatory  ductSt  two  in  number,  one  on  each  side,  are  formed  bv  tl 
junction  of  the  ilucts  of  the  vesicubi?  seminales  with  the  vasa  deferential  iKac 
duct  is  about  tbreeH|uarters  of  an  inch  in  length  ;  it  commences  at  the  base  of  ib«*" 
prostate,  and  runs  forward  and  downward  between  the  middle  and  lateral  lohe^  and 
along  the  side  of  the  sinus  pocularis,  to  terminate  by  a  separate  slit-like  orifice  clo^c 
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to  or  juat  within  the  margins  of  the  sinus  (verumontanum).  The  ducts  diminish  in 
size  and  converge  toward  their  tennination. 

Structure. — The  veHicuhi*  seminales  are  composed  of  three  coats  :  an  extertwl 
or  fibro-eelhiiar ;  a  middle  or  mugeular  voat,  which  is  thinner  than  in  the  vas 
deferens:  tho  muscular  fibres  are  arranged  in  three  layers,  consisting  of  an  inner 
and  outer  longitudinal  stratum  and  an  intermediate  layer  of  circular  fibres;  and 
an  inierfial  or  jnucoius  coat,  which  is  pale,  of  a  whitish-brown  color,  and  presents 
a  delicate  reticular  structure^  like  rhat  seen  in  the  gall-bladder,  but  the  niesliei^aie 
finer.     The  epithelium  is  columnar. 

The  coats  of  the  ejaculatory  ducts  are  extremely  thin.  They  are :  an  outer 
Jibrous  laifery  which  is  almost  entirely  lost  after  their  entrance  into  the  prostate; 
a  latfer  of  mimeular  fibn%  consisting  of  an  outer  thin  cireular  and  an  inner 
longitudinal  layer;  and  the  mttcous  membrane,  forming  the  only  constituents  nf 
the  tubes. 

Vessels  and  Nerves.— The  arteries  supplying  the  vesiculse  seminales  are  derived 
from  the  middle  and  inferior  vesical  and  middle  hjemnrrhoidal.  The  rein^  and 
hfmphatirg  accom]>any  the  arteries.  The  ntTi'es  are  derived  from  the  pelvic 
plexus. 

Stirgical  Anatomy.— The  vesienlie  seminales  are  often  the  seat  of  an  extension  of  the 
disease  in  c:»*se3  of  tubertMilous  disease  of  the  testicle,  and  pbotild  always  be  exaiuirjed  from  the 
rectum  before  coming  to  a  dedaiuii  with  regard  to  eu8tnitiuri  in  this  atfei-tioti. 

Descent  of  the  Testes, 

The  testes  at  an  early  period  of  foetal  life  are  placed  at  the  back  |)art  of  the 
abdoniinal  cavity,  behind  the  peritoneum^  in  front  and  a  little  below  the  kidneys. 
The  anterior  surface  and  sides  are  invested  by  peritoneum.  At  about  the  thiid 
month  of  intra-uterine  life  a  peculiar  structure,  tlie  tfitbtrtiaruhmi  te^tia^  makei^  its 
appearance.  This  structure  is  at  first  a  .slender  band  ^Yhich  extends  from  the 
situation  of  the  internal  ring  to  the  epididymis  and  body  of  the  testicle,  and  is 
then  continued  upward  in  front  of  the  kidney  toward  the  Diaphragm,  As 
development  advances  the  peritoneum  covering  the  testicle  enchx^es  it  and  forms 
a  mesentery,  the  mesorehium^  which  also  encloses  the  gubernacidnm  and  forms  two 
folds — one  above  the  testicle,  and  the  other  bolow  it.  The  one  above  the  testicle  is 
the  pliva  mmMilatUM,  and  contains  ultimately  the  spermatic  vessels  ;  the  one  below, 
the  pliea  ffubernatrix,  contains  the  lower  part  of  the  gubernaciilum,  which  has  now 
grown  into  a  thick  cord  ;  it  terminates  below  at  the  intenud  ring  in  a  tube  of  peri- 
toneum, the  processus  vaginalis^  which  now  lies  in  the  inguinal  canaL  'i'he  lower 
part  of  the  gubernaeulum  by  the  fifth  month  has  become  a  thick  cord,  whilst  the 
upper  part  has  disappeared.  The  lower  part  can  now  be  seen  to  consist  of  a  central 
core  of  unstriped  muscle-fibre,  and  outside  this  of  a  firm  layer  of  striped  elements, 
connected,  behind  the  peritoneum,  with  the  abdominal  wall.  Later  on,  about 
the  sixth  month,  ihe  lower  end  of  the  gubernacnlum  can  be  traced  into  the  inguinal 
canal,  extending  to  the  pubes,  and,  at  a  later  period,  to  the  bottom  of  the  scro- 
tum. The  fold  of  peritoneum  constituting  the  prucemim  vaginalis  projects  itself 
downward  into  the  inguinal  canal,  forming  a  gradually  elongriting  depression  or 
cul'de-gae^  which  eventually  reaches  the  bottom  of  the  scrotum.  This  cul-de- 
mc  !s  now  invnginated  by  the  testicle,  as  the  body  of  the  foetus  grotvs,  for  the 
gubernaeulum  does  not  grow  commensnrately  with  the  growth  of  other  parts,  and 
therefore  the  testicle,  being  attached  by  the  gubernaeulum  to  the  bottom  of  the 
scrotum,  is  prevented  from  rising  as  the  body  grows,  and  is  drawn  first  into  the 
inguinal  canal,  and  eventually  into  the  scrotum.  By  the  eighth  month  the 
testicle  has  reached  the  scrotum,  preceded  by  the  lengthened  pouch  of  |ieritoneimi, 
the  processus  vaginalis,  which  communicates  by  its  upper  extremity  with  the  per- 
itoneal cavity.  Just  before  birth  the  upper  part  of  the  pouch  nsually  becomes 
closed,  and  this  obliteration  extends  gradually  downward  to  within  a  shr^rt  dig* 
tance  of  the  testis.     The  process  of  peritoneum  surrounding  the  testis,  which  is 
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now  entirely  cut  off  from  the  general  peritoneal  cavity,  constitutes  ihe  funm 

vaginalis^ 

In  the  female,  a  small  cord^  eorresponding  to  the  gubemaculum  in  tti 
male,  descends  to  the  inguinal  region,  and  ultimately  forms  the  round  ligameni 
of  the  uterus.  A  pouch  of  peritoneum  accompanies  it  along  the  inguinal  canii. 
analogous  to  the  processus  %*agiiialis  in  the  male:  it  is  called  the  eatuil  of  Nmk. 

SUTffieal  Anatomy.— Abnormalities  in  the  fonoation  and  in  the  descent  of  the  testielem^ 
occur  The  testicle  may  fail  tji  be  develi>i>e<l,  or  the  testicle  may  be  iully  develowd  and  tbeTti 
detier^^jns  may  be  undi^velciped  in  whole  or  part ;  or.  again,  both  testide  and  vaB  at*f<^rei»^  ?'fJ,^ 
fully  developed,  but  the  duct  may  not  become  eonneeted  to  the  gland.  The  t<»ettiele  may  fail  to  ili 
descent  {cnipiorchixmm}^  or  it  may  descend  into  iome  abnoniial  pofskion*  111  us  it  may  be  r^i^ued 
in  the  position  where  it  was  primarily  developed,  below  the  tidney;  or  it  nkHy  descend  to tW 
bptemal  abdominal  riri^,  but  fail  to  pass  through  this  opening :  it  may  be  retiiined  in  the  infttina] 
n^iiialT  which  i§  pcrha|K'^  the  most  eommon  position ;  or  it  mny  pass  tli rough  the  extimiil 
aMominal  Hng  and  remain  just  outside  it,  failing  to  jmlss  to  the  l>ottom  of  the  serotutii.  On  the 
other  haadT  it  may  get  into  8ome  abnormal  position :  it  may  pa^^s  the  scrotum  and  reach  iht 
perinfeum,  or  it  may  fail  to  enter  the  inj^uinal  canal,  and  may  find  iti*  way  through  the  femoral 
ring  into  the  erund  eanal,  and  present  itiself  on  the  thigh  at  the  sfiphenouj^  oi>enirig.  Tliefe  w 
atill  a  third  class  of  eases  of  abnormality  of  the  testicle,  where  the  organ  has  deseendeni  in  dm 
cour^  into  the  scrotum,  but  la  malplac^l.  The  most  common  form  of  thiss  is  wht^re  the  tfstide 
is  rnvrrf^ ;  that  is  to  aay,  the  organ  is  rotated,  stj  that  the  epididymis  is  eonnec*ted  to  the  frcot 
of  the  scrotum,  and  the  body,  surrounded  by  the  tunica  vaginalis*  is  diret^ted  back  ward,  hx 
these  eases  the  vas  deferens  is  to  be  felt  in  the  front  of  the  eorti  The  condition  is  oriuifMirtilitt 
in  connection  with  hydrocele  and  ha?raatocele,  and  the  position  of  the  te'sticle  shotild  always  be 
csTctuUy  aacertahied  before  performing  any  operation  for  these  afFections.  Again,  more  rta^t 
the  testicle  may  be  reverged.  '^'^,  ^®  *  condition  in  which  the  top  of  the  testicle,  indjcated  bf 
the  jrlobus  m^lor  of  the  epididynii,^,  is  at  the  bottom  of  the  scrotjyLm^jmd  th§,f^  deferens  g^mi 
off  firom  the  summit  of  the  organ. 

^  The  obliteration  of  the  prpcesB  of  peritoneum  whidi  accnmpeaiet  the  ooid,  mad  is  beooe  celki 
the  j%mteii/ar  jMvoesa^  18  often  incomplete.    Seeaection  on  Ingoinal  Heniia. 
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EXTERNAL  ORGANS, 

THE  External  Organs  of  Generation  in  the  Female  are:  the  mons  Veneris,  the 
labia  timjora  and  minora,  the  clitoris,  the  meatus  urinarius,  and  the  orifice  of 


Fig,  742.— The  vulva,    Extenxii  Tcmale  on^ns  of  ^neratloti, 

the  vagina.  The  term  ''  vulva  "or  '*  pudendum/'  as  generally  applied,  includes 
all  these  parts. 

The  Mens  Venerifi  is  the  rounded  eminence  in  front  of  the  pubic  BymphvBis, 
formed  by  a  collection  of  fatty  tissue  beneath  the  integument.  It  surmounts  the 
vulva,  and  becomes  tMvereJ  with  hair  at  the  time  of  juiberty. 

The  Labia  Majora  are  two  prominent  hmgitndiiuil  cutaneous  folds  extending 
downward  from  the  mons  Veneris  to  the  anterior  boundary  of  the  perinoeiim,  and 
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enrlosing  the  common  urinosexual  openincr.  Each  labium  is  formed  of  two  folili 
of  integument :  covered  with  hair  extenially;  internally,  smooth  and  pinkisL 
The  inner  fohi  is  continuous  with  the  genito-urinarv  nioeoufi  tract.  Between  the 
two  fohls  ia  a  quantity  of  areolar  tissue*  fat^  and  a  tissue  resembling  the  dartos  of 
the  scrotum,  besides  vessels,  nerves,  and  glands.  The  labia  are  thicker  in  front, 
where  they  form  by  their  meeting  the  anterior  eoimmmure.  Posteriorly  the?  are 
not  really  joined,  but  appear  to  becitme  lost  in  the  neighboring  integument^ 
terminating  close  to,  and  nearly  parallel  with,  each  other.  Together  with  the 
connecting  skin  between  them,  they  form  the  posterior  commissure  or  postenor 
boundary  of  the  vulval  orifice.     The  interval  between  the  posterior  conxmtsdure  and 
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Fic.  7131— Verttcnl  medimi  section  of  the  Peiiiale  pt4vi«. 

the  anus,  about  an  inch  to  an  inch  and  a  quarter  in  lenfrth,  constitutes  the  p^i* 
naeum  or  base  of  the  perineal  body,  Tlie  fourehette  in  the  anterior  edge  of  the 
latter,  and  between  it  and  the  hymen  is  a  depression,  the  fossa  navicularig*  Thr 
labia  correspond  to  the  scrotum  in  the  male. 

The  Labia  Minora,  or  Nymphse,  are  two  small  cutaneous  folds,  situated  within 
the  labia  majora,  and  extending  from  the  clitoris  obli^juely  tlownward,  outwmnl. 
and  backward  for  about  an  intdi  and  a  half  on  each  side  of  the  orifice  of  thr 
vagina,  between  which  and  the  labia  majora  tliey  are  lost.  Anteriorlv,  the  twa 
labia  minora  meet  and  form  the  franiwi  of  tit*;  clitons.  Tlie  prepuce  of  tiie  elitorii« 
passing  backward  on  each  side,  is  inserted,  as  it  were,  into  each  labium  mitms. 
The  nyraphm  are  really  modified  skin.  Their  internal  surfaces  have  nuti 
sebaceous  follicles. 

The  Clitoris  is  an  erectile  structure  analogous  to  the  corpora  cavernosa  of  i 
penis.  It  is  situated  beneath  tbe  anterior  commissure,  partially  hidden  between  ' 
anterior  extremities  of  the  labia  minora.     It  is  connected  to  the  rami  of  the  oe  pabif 
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ttndJpcbiuiD  on  each  side  by  a  crus  ;  the  body  is  short  and  concealed  beneath  the 
-J*i^^  the  free  extremity,  m  ghma  ditortdi^,  is  a  small  rounded  tubercle,  consign iig 

ktigy  erectile  tissue,  and  highly  sensitive.     It  is  provided,  like  the  j^enis,  with 
nsury  ligament,  and  with  two  small  muscles,  the  Erectores  elitciridis,  which 
rted  into  the  crura  of  the  clitoris.     The  clitoris  consists  of  two  corpora 
a,  composed   of    erectile    tissue   enclosed    in    a  dense    layer  of   fibrous 
»,  united  together  along  their  inner  surfaces  by  an  incomplete  fibrous 
n  septnm. 
^*  n  the  clitoris  and  the  entrance  of  the  vagina  is  a  triangular  smooth 

7^  inded  on  each  side  by  the  nymplue ;   this  is  the  veMtbule, 

^  ce  of  the  urethra  (meatus  nrinaiins)  is  situated  at  the  back  part  of  the 

W  mfc  an  inch  below  the  clitoris  and  near  t!ie  margin  of  the  vagina, 

r  a  prominent  elevation  of  the  mucous  meudirane.     Below  the  meatus 
e  orifice  of  the  vagina,  more  or  less  closed  in  the  virgin  by  a  mem- 
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Fiii,  714. — LaiigltudliLat  section  through  tbe  pelvis  of  a  youn>7  vromuu.    (B<irdclet>«ti,l 

The  Hymen  is  a  membranous  fold  which  closes  to  a  greater  or  less  extent  the 
opening  of  the  vagina.  It  varies  much  in  shape.  Its  commonest  form  is  that  of 
a  ring,  generally  broadest  posteriorly  :  sometimes  it  is  represented  by  a  semilunar 
fold,  with  its  concave  margin  turned  toward  the  pubcs,  A  complete  septum 
stretched  across  the  lower  part  of  the  vaginal  orifice  is  called  ''  imperforate  hymen." 
Occasionally  it  is  cribriform,  or  its  fiee  mai^giu  forms  a  membranous  fringe,  or  it 
may  be  entirely  absent*  It  may  persist  after  copulation,  so  that  it  cannot  be 
considered  as  a  test  of  virginity.  After  parturition  tlie  soiall  rounded  elevations 
known  as  the  fanineuhv  nit/rt (formes  ai*e  found  as  the  remains  of  the  bynien. 

Glands  of  Bartholin, — On  each  side  of  the  c^jmmencemeut  of  the  vadna,  and 
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Fig.  745— Thp  female  perlniEiim  after  removal  of  the »klii  and  superflcliil  fucta.    fBArdelcben.) 

Bulbi  Vestibuli. — Extending  from  th^  clitoris,  along  either  side  of  the  vestibule, 
and  Iving  a  little  behind  tbe  iiyjuphne,  are  two  large  (Tblong  masses,  about  an  inch 
in  length,  consisliiig  r>f  a  jdexus  of  veins*  eneln^eil  in  a  thin  layer  of  fibrous 
membrane.  These  ijodies  are  narrow  in  front,  ronnded  l»elow,  ond  are  connecte^l 
with  the  erura  of  the  clitoris  and  rami  of  the  pnbes  :  they  are  termed  by  Kobelt  the 
Imlhi  ve8tihuli\  and  he  considers  them  analogous  to  the  bulb  of  the  corpus 
gpongiosura  in  the  male.  Immediately  in  front  of  these  bodies  is  a  smaller  venous 
plexus,  continuous  with  the  bulbi  vestibuli  behind  and  ihe  glans  clitoridis  in  front: 
it  is  called  by  Kobelt  the  pars  itifermedm,  imd  is  consideied  by  him  as  analogoii^i 
to  that  part  of  the  body  of  the  cor|iys  sjiongiostim  which  immediately  suec 
the  bulb. 

EELAf  IONS  or  THE  BLADDER, 

The  Bladder  is  situated  at  the  anterior  part  of  the  |jelvis.  It  is  in  relation,  in 
fronts  with  thesym|»hysis  |Hihjs;  behimt  with  the  uter(>-vesieal  jiouch  of  peri  tone  iUB« 
which  separates  it  from  the  body  of  the  uterus ;  its  fniiH'  lies  in  contact  with  ibe 
couneetive  tissue  in  fnuit  of  the  cervix  and  upper  part  of  the  vagina,  l^afrralltf^ 
is  the  recto-vesical  fascia.     The  bladder  is  said  by  some  anatomists  to  be  larger  in 


^2iil 


^ 


INTERNAL    ORGANS.  1167 

the  female  tbao  in  the  male.  At  any  rate,  it  does  not  rise  above  the  symphysia 
pubis  till  more  distended  than  in  the  male,  but  this  is  perhaps  owing  to  the  more 
capacious  pelvis  rather  than  to  ilis  being  of  actually  larger  size, 

TKE  URETHEA, 

The  Urethra  is  a  narrow  membranous  canal,  about  an  inch  and  a  half  in 
length,  extendi  Jig  frnm  the  neck  of  the  bladder  to  the  meatus  urinarius.  It  is 
placed  beneath  the  symphysis  pubis,  imbedded  in  the  anterior  wall  of  the  vagina; 
and  its  direction  is  obliqwely  downward  and  forward^  its  course  being  slightly 
curved,  the  concavity  directed  forward  and  upwanl.  Its  diameter  when  undiluted 
is  about  a  quarter  of  an  inch-  The  urethra  perforates  the  triangular  ligament 
precisely  as  in  the  male. 

Structure. — The  urethra  consists  of  three  coats  :  muscular,  erectile,  and  mucous. 

The  mimmlar  euat  is  coniinuous  with  that  of  the  bladder;  it  extends  the  whole 
length  of  the  tube,  and  consists  of  a  circular  stratum  of  muscular  fibres.  In 
addition  to  this,  between  the  two  layers  of  the  triangular  ligament*  the  female 
urethra  is  surrounded  by  the  Compressor  urethrLe,  as  in  the  male, 

A  thin  hi/er  of  npomji^  erevtlh'  tisi<t(e,  c^mtuining  a  jdexus  of  large  veins  inter- 
mixed with  bundles  of  nnstriped  muscular  fibre,  lies  immediately  beneath  the 
mucous  coat. 

The  7UUC0HS  coat  is  pale,  continuous  externally  with  that  of  tlie  vulva,  and 
internally  witli  that  of  the  bladder  near  which  it  contains  many  tubular  mucous 
glands.  It  is  thrown  into  longitudinal  folds,  one  of  which  placed  along  the  floor 
of  the  canal,  resembles  the  ver  union  tan  um  in  the  male  urethra.  It  is  lined  by 
laminated  epithelium,  which  becomes  transitional  near  the  b bidder.  Its  externid 
orifice  is  surrounded  by  a  few  mucous  follicles. 

The  urethra,  from  not  being  surrounded  by  dense  resistinL^  struct ures,  as  in  the  uiale^  admits 
of  considerable  dilatation^  which  enables  the  aurtreou  to  remove  with  considerable  facility  calculi 
or  other  foreign  bodies  from  the  cavity  of  the  bladder. 

THE  EECTUM, 

The  Bectum  is  more  capacious  and  less  curved  in  the  female  than  in  the 
male. 

The  first  portioH  extends  from  the  left  sacro-iliac  articulation  to  the  middle 
of  the  sacrum.     Its  connections  are  similar  to  those  in  the  male. 

The  sef^otid  portion  extends  to  the  tip  of  the  coccyx.  It  is  covered  in  front  by 
the  peritoneum  for  a  short  distance,  at  its  up]ier  part :  it  is  in  relation  with  the 
posterior  wall  of  the  vagina. 

The  third  ffortion  curves  backward  from  the  vagina  to  the  anus,  leaving 
a  space  which  corresponds  on  the  surface  of  the  body  to  the  perinieum.  Its 
extremity  is  surrounded  by  the  Sphincter  muscles,  and  its  sides  are  supported  by 
the  Levatores  ani. 

INTERNAL  ORGANS. 

The  Internal  Organs  of  Generation  are — the  vagina,  the  uterus  and  its  append- 
ages, the  Fallopian  tubes,  the  ovaries  and  their  liganients,  and  the  rormd  ligaments. 

The  Vagina  extends  from  the  vulva  to  the  uterus.  It  is  situated  in  the  cavity 
of  the  pelvis,  behind  the  Wadiler  and  in  front  of  the  rectum.  Its  direction  is 
curved  upward  and  backward,  at  first  in  Xha  line  of  the  outlet,  and  afterward  in 
that  of  the  axis  of  the  cavity  of  the  pelvis.  Its  walls  are  ordinarily  in  contact, 
and  its  usual  shape  on  transverse  section  is  that  of  an  H»  the  transverse  limb 
being  slightly  curved  forward  or  backward,  whilst  the  lateral  limbs  are  somewhat 
convex  toward  the  median  line.  Its  length  is  about  two  and  a  half  inches  along 
its  anterior  wall,  and  three  and  a  half  inches  ahuiir  its  posterior  wall.  It  is  nui- 
stricted  at  its  commencenjent,  and  beeonies  dilateil  ioedially,  and  narrowt^d  near  its 
uterine  extremity ;  it  surrounds  the  vaginal  portion  of  the  cervix  uteri,  a  shurt 
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distance  from  the  os,  its  attacliment  extending  liigljer  up  on  the  posterior  limit  on 
the  anterior  wall  of  tlic  uterus. 

Relations. — Its  mitcrm'  surface  is  in  relation  with  the  base  of  the  bladder  ui 
with  the  urethra.  Its  postenor  surface  is  connected  for  the  lower  three-fottrlL*rf 
its  extent  to  the  anterior  wall  of  the  rectum,  the  upper  fourth  being  separate*!  fritt 
that  tube  by  the  recto-vaginal  fold  of  perituneum,  whieh  formal  a  ruf-de^snc  bftwrni 
the  vajfins^  and  rectum.  Its  side5  give  uttaehmeut  ^uperkuly  to  the  brcjacl  liL^utu-ii' 
and  inferiorly  to  the  Levatt>res  ani  muscles  atid  recto-vesical  fascia- 

Structure, — The  vagina  ermsist^  of  an  internal  mucous  lining,  of  u  tnu?  uli; 
coat,  and  between  the  two  of  a  layer  of  erectile  tissue. 

The  miicoiis  membranv  is  continuous  above  with  that  lining  the  uteru*..  l> 
inner  surface  presents,  along  the  anterior  and  [posterior  walls?,  a  longitudinal  nd^t 
or  raphe,  called  the  ruiuf/iits  vf  the  niginif,  and  numerous  transverse  ridgw  or 
rugge,  extending  outward  from  the  rajihe  on  either  side.  These  rugae  are  divide^l 
by  furrows  of  variable  depth,  giving  to  the  mucous  membrane  the  appearance  of 
being  studded  over  with  conical  projections.  There  are  also  microscopic  paprlk; 
the  projections  are  most  nrnuerous  near  tfie  orifice  of  the  vagina,  e.*!peeiully  \d 
females  before  parturition.  The  epitlieliura  covering  the  mucous  membrane  i*  ^if 
the  squamous  variety.  The  submucous  tissue  is  very  loose  and  contains  numenw 
large  veins,  wfiich  by  their  anastomoses  form  a  plexus,  together  with  smooth  mu^^'ulir 
fibres  derived  from  the  muscular  coat:  it  is  regarded  by  Gnssenbauer  as  an  crectik 
tissue.     It  contains  a  number  of  mucous  crypts,  but  no  true  gbin<ls. 

The  mus*miar  coat  consists  of  two  layers:  an  external  Inngitudinab  whichi? 
far  the  stronger,  and  an  internal  circular  layer.  The  longitudinal  fibres  trf 
continuous  with  the  superficial  muscular  fibres  of  the  uterus.  The  stroagca 
fasciculi  are  those  attached  to  the  rccto*vesiciil  fascia  on  each  side.  The  two  lavtn 
are  not  distinctly  separable  from  each  other,  but  are  connected  by  oblique  deca*- 
sating  faseictdi  which  pass  from  the  one  layer  to  the  other.  In  addition  to  iliii 
the  vagina  at  its  lower  end  is  suri*oinided  by  a  band  of  striped  muscular  fibres,  tkf 
spftincfer  mtqittft'  (see  page  404). 

External  to  the  muscular  cc*at  is  a  layer  of  connective  tissue  containiog  » 
large  filcxus  of  blood-vessels. 

The  ereetik  ttmut'  consists  of  a  layer  of  loose  connective  tissue  situated  betwetm 
the  mncous  membrane  and  the  muscular  coat;  imbedded  in  it  is  a  plexus  of  l«rp 
veins,  and  numerous  bundles  of  iinstriped  nnjscular  fibres  derived  from  the  circidar 
muscular  layer.  The  arrangement  of  the  veins  is  similar  to  that  found  in  olief 
erectile  tissues. 

THE  UTEEUS. 

The  Utems  is  the  organ  of  gestation,  receiving  the  fecundated  ovum  in  its  cavitr, 
retaining  and  supporting  it  during  the  develojimcnt  of  the  fcetus^  and  becoming 
the  principal  agent  in  its  expulsion  at  the  time  of  parturition* 

In  the  virgin  state  it  is  pear-shaped,  flattened  from  before  backward,  anil 
situated  in  the  cavity  of  the  pelvis  between  the  liladder  and  the  rectum;  it  ii 
retained  in  its  position  by  the  round  and  broad  ligaments  on  each  side,  atiil  projects 
into  the  upper  entl  of  the  vagina  helow.  Its  upper  encl,  or  b?isc,  is  directed 
upward  and  forward;  its  lower  end,  or  apex,  downward  and  backward,  in  l!if 
line  of  the  axis  cf  the  inlet  of  the  pelvis.  It  therefore  forms  an  angle  with  the 
vagina,  since  the  direction  of  the  vagina  corresponds  to  the  axis  of  the  cavil v  anJ 
roulet  of  the  pelvis.  Tlie  uterus  measures  about  jhree  inches  in  length,  i*wo  in 
breadth  at  its  upper  part,  and  nearly  an  incii  in  thickness,  and  it  weighs  from  nii 
ounce  to  an  ounce  and  a  half. 

It  consists  of  two  parts:  (1)  the  Aot///,  with  its  upper  br<>ad  extremitv.  tbe 
fundus ;  and  (2)  the  eervix^  or  neek,  which  is  partly  above  tbe  vagina  and  partlT 
in  the  vagina.  The  fundus  is  placed  on  a  line  belo^v  tbe  level  of  the  brim  of  thV 
pelvis,  being  directed  forwanl  behind  the  upper  portion  of  the  anterior  pdrk 
wall. 


Flo.  716.— Female  pelvic  orgmiu  in  wUu  (teen  from  Above).    (Bardeleben,) 


separated  from  the  bladder  by  the  utero- vesical  pouch,  Its  posterior  surface  is 
convex  transversely,  covered  by  peritoneum  throutjbout,  mul  sepamtetl  from  the 
rectum  by  some  convolutions  of  the  intestine.  Its  lateral  manfins  are  concave,  and 
give  att*icbmi?nt  to  the  Fanojmm  tube  above,  the  roun<l  lif^ament  below  and  in  front 
of  this,  and  the  ligament  of  the  ovary  behind  both  of  these  structures. 

The  cervix  is  the  lower  constricted  segment  of  the  uterus;  around  its  circum- 
ference is  attached  the  upper  end  of  the  vagina,  which  extends  upward  a  greater 
distance  behind  than  in  front. 

The  suprava^^inal  portion  is  not  covered  by  peritoneum  in  front ;  a  pad  of 
cellular  tissue  is  interposed  between  it  and  the  bladder.  Behind,  the  peritoneum  is 
extended  over  it^  upper  part.  The  vaginal  portion  is  the  rounded  lower  end  pro- 
jecting into  the  vagina.  On  its  surface  is  a  small  aperture,  the  os  uteri,  generally 
circular  in  shape,  hut  sometimes  oval  or  almost  linear.  The  margin  of  the  opening 
is,  in  the  absence  of  past  parturition  or  disease,  ijuite  smootlu 

Ligaments. — The  ligaments  of  tlie  uterus  are  eigiit  in  number:  one  anterior; 
one  posterior;  two  lateral  or  broad;  two  sacro- uterine,— all  these  being  formed  of 
peritoneum — and,  lastly,  two  round  ligaments. 

The  anterior  ligament  (vesjco-uterine)  is  reflected  on  to  the  bladder  from  the 
front  of  the  uterus,  at  the  junction  of  the  supravaginal  cervix  and  body. 

The  posterior  litfament  (reeto-utcrine)  passes   from  the   posterior  wall  of  the 

uterus  over  the  upper  fourth  of  the  vagina,  and  thence  on  to  the  rectum  and  sacrurn. 

It  thus  forms  a  pouch  called  Douglas's  poue/t  (Fig.  747),  the  boundaries  of  which  are, 

in  frontj  the  posterior  w^all  of  the  uterus,  the  supravaginal  cervix,  and  the  upper 
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Fig.  747.— tkjujf las' b  pouch.    {From  li  prcpcimtion  fo  the  MuJBL'um  of  the  Royal  College  of  Surg^oiu.l 

aretLra,  and  vagina;  in  the  posterior  part,  the  rectum.  Between  the  two  layer* 
of  each  broad  liganieut  are  contained — (1)  the  Falhiijiian  tubes  su{)eriorly  ;  (2)  the 
round  ligament;  (3)  the  ovary  and  its  ligament;  (4)  the  parovarium,  or  organ 
of  Rosenoruller;  (5)  connective  tissue;  and  (6)  unstriped  muscular  fibre. 
Between  the  fimbriated  extremifcy  of  the  tube  and  the  lower  attAchmeut  of 
the  broad  ligament  h  a  concave  rounded  margin  called  the  infundibulo-pehic  ligi 
ment  (Fig.  752).     The  upper  border  is  often  known  as  the  mesosalpinx. 

The  sacro-utcrine  lujamenU  pass  from  the  second  and  third  bones  of  the  sacrum. 
downward  and  forward,  to  be  attached  one  on  each  side  of  the  uterus  at  the  junc- 
tion of  ihe  supravaginal  cervix  and  the  body,  this  point  corresponding  intemalW 
to  the  position  of  the  os  internum,     (For  the  round  h'i/afnents,  see  page  1177,) 

The  cavity  of  the  uteniB  is  small  in  comparison  with  the  size  of  the  organ: 
that  portion  of  the  cavity  which  corresponds  to  the  body  is  triantrular,  tlattened 
from  before  back  ward,  sri  that  its  walls  are  closely  approximated,  nud  having  it* 
base  directed  upward  toward  the  fundus.  At  each  su]>erior  angle  is  a  funnel- 
shaped  cavity,  which  constitates  the  remains  of  the  division  of  the  body  of  the 
uterus  into  tw^o  cornua,  and  at  the  bottom  of  each  cavity  is  the  minute  orifice  of 
the  Fallopian  tube.  At  the  inferior  angle  of  the  uterine  cavity  is  a  ^tnall  otm* 
stricted  opening,  the  internal  orifice  (oEti'um  interntim)^  which  leada  into  the 
cavity  of  the  cervix. 
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Fig.  74J>,— Anterior  section  tlirou^h  the  virgin  Fin,  75(K— Oponinff  in  lh»*  wall  of  the  r*.Tvi(>*il  cjinnt 

uterus.    (Bardeleben.)  in  n  bitmAU  ytems,  showing  the  pllojc  palmAt^   (Bur- 

deleben.) 

(plicae  palmate)  ap pit eii  to  it*     These  folds  usually  become  verv  iiiflistinct  after  the 
first  labor  (Firr.  750). 

Structure, ^ — Tiie  uterus  is  composed  of  tbree  coats — an  external  serous  coat,  a 
middle  or  muscular,  and  au  internal  raucous  coat. 


The  seroiis  coat  is  derived  from  the  peritoneum ;  it  invests  the  fundus  and  the 
whole  of  the  posterior  surface  of  the  body  of  tbe  uteros,  but   only   the  upper 
three-fourths  of  iti?  anterior  surface.     In  the  lower  fourth  nf  the  posterior  sur- 
face the  peritoneum,  though  covering  the  uterus,  i;^  not  closely  connected  witk    I 
it,  being  separated  from  it  by  a  layer  of  loose  cellular  tissue  and   some  large    I 
veins* 

The  muscular  coat  forms  the  chief  hulk  of  the  substance  of  the  uterus.  In 
the  unimpregnated  Btate  it  is  dense,  firm,  of  a  grayish  color,  and  cuts  almost  like 
cartilage.  It  is  thick  opposite  the  middle  of  the  body  and  fundus,  and  thin  %t 
the  orifices  of  the  Fallopian  tubes.  It  consists  of  bundles  of  unstriped  muscular 
fibres,  disposed  in  layers,  intermixed  with  areolar  tissue,  blood*vessels^  lymphatic 
vessels,  and  nerves.  In  the  impregnated  state  the  muscular  tissue  becomes  more 
prominently  developed,  and  is  disposed  in  three  layers — external,  middle,  and 
internaL 

The  external  layer  is  placed  beneath  the  peritoneum,  disposed  as  a  thin  plane 
on  the  anterior  and  posterior  surfaces.  It  consists  of  fibres  which  pasa  trans- 
versely across  the  fundus,  and,  converging  at  each  superior  angle  of  the  uterus, 
are  continued  on  the  Fallopian  tube,  the  round  ligament,  the  ligamient  of  the 
ovary :  some  passing  at  eaeli  side  into  the  broad  ligament,  and  others  running 
backward  from  the  cervix  into  the  sacro-uterine  ligaments. 

The  middle  layer  of  fibres,  which  is  thickest,  presents  no  regularity  in  it* 
arrangement,  being  disposed  longitudinally,  oblitjuely,  and  transversely.  It  coo- 
tains  most  blood-vessels. 

The  internal  or  deep  layer  is  the  greatly  hypertrophied  wuftrularis  mucoB^  of 
the  mucous  membrane.  It  consists  of  circuhir  fibres  arranged  in  the  form  of  two 
hollow  cones.  :he  apices  of  which  surround  the  orifices  of  the  Fallopian  tubes, 
their  bases  intermingling  with  one  another  on  the  middle  of  the  body  of  the  utems* 
At  the  internal  os  these  circular  fibres  form  a  distinct  sphincter. 

The  mucous  membrane  is  smooth,  and  closely  adherent  to  tlie  subjacent  tisisue. 
It  is  continuous,  through  the  fimbrinatetl  extremity  of  tbe  Fallopian  tubes,  with 
the  peritoneum,  and  through  the  os  uteri  with  the  lining  of  the  vagina. 

In  the  bothf  of  the  uterus  it  is  smooth,  soft,  of  a  pale  red  color  lined  by  coluni- 
nar  ciliated  eftithelinm,  and  presents,  when  viewed  with  a  lens,  the  orifices  of 
numerous  tubular  follicles  arranged  perpendicularly  to  tlie  surface.  It  is  unpro- 
vided with  any  submueosa^  but  is  intimately  connected  witli  the  innermost  layer 
of  the  muscular  coat,  which  is  regarded  as  the  muscuhiris  mucosae.  In  structiire 
its  eorium  dilfers  from  ordinary  mucous  membrane,  consisting  of  an  embrvfmic 
nucleated  and  highly  eelliihir  form  of  connective  tissue  in  which  run  nunren>D9 
large  lymphatics.  In  it  are  the  tube-like  uterine  iflamh^  which  are  of  small  siic 
in  tbe  unimpregnated  uterus,  but  shortly  after  impregnation  become  enlarged. 
elongated,  presenting  a  contorted  or  waved  ap|iearanee  toward  tbeir  closed  extrem* 
ities,  which  reaches  into  the  muscularis,  and  may  be  single  or  bifid.  Thev  eonsiit 
of  a  delicate  membrane,  lined  hy  an  epithelium,  which  becomes  ciliated  towartl  the 
orifices.  In  the  impregnated  uterus  the  epithelium  loses  its  ciliated  character,  is 
thicker  and  tougher,  and  is  provided  with  a  submucous  hiyer  of  areolar  tissue. 

In  tbe  eervix  tbe  mucous  membrane  is  sharply  diflerentiated  from  that  of  thr 
uterine  cavity.  It  is  thrown  into  numerous  transverse  folds,  which  are  armngcd 
along  an  anterior  antl  posterior  longitudinal  raphe,  presenting  an  appe^mncc  whirl 
has  received  the  name  of  arbor  vita\  In  the  upper  twu-thinls  of  the  canal  the 
mucous  membrane  is  [U'^jvided  with  numenniH  deep  glandular  follicles,  which  srerct^ 
a  clear  viscid  alkaline  mticus:  and  in  addition,  extemling  through  the  whole  length 
of  the  canaU  are  a  variable  number  of  little  cysts,  presunmbly  follicles,  which  have 
become  occluded  and  distended  with  retained  secretion.  They  are  called  the  oruU 
NabothL  The  mucous  membrane  covering  the  lower  half  of  the  cervicitl  canal 
presents  numerous  papiUse.  The  epithelium  of  the  upper  two-thirds  is  eolumitftr  1 
and  ciliate<l,  but  below  this  it  lose.^  its  cilia,  and  gradually  changes  to  sotwiiKMli     J 
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Vessels  and  Nerves, — The  arteries  of  the  tUerus  are  the  uterine,  from  the  internal 

iliac,  and  fhe  ovarian,  from  the  aorta.  They  are  remarkable  for  their  tortaouB 
comae  in  the  substance  of  the  organ  and  for  their  frequent  anastomoses.  The 
termination  of  the  ovarian  artery  meets  the  termination  of  the  uterine  artery,  and 
forms  an  anastomotic  trunk  from  which  branches  are  given  off  to  stiiiply  the 
uterus,  their  disposition  being,  as  shown  by  John  Williams,  circular.  The  veins 
are  of  large  size,  and  correspond  with  the  arteries.  In  the  impregnated  uterus 
these  vessels  are  termed  the  uterine  Hinuses^  consisting  nf  the  lining  membrane  of 
the  veins  adhering  to  the  walls  of  the  canal  channelled  ihrough  the  substance  of 
the  uterus.  They  terminate  in  the  uterine  plexuses.  The  h/mjjhatii*s  of  the  body 
terminate  in  the  lumbar  glands,  those  of  the  cervnx  in  the  pelvic  glands.     The 


Internal  itiac 
artery. 


WUL  TSL^The  art^eiies  of  the  Internal  nrgana  ofgcnenttlon  of  the  female,  seen  from  l»ehitid.     (After  UyrtL) 

nerves  are  derived  from  the  inferior  hypogastric  and  ovarian  plexuses,  and  from 
the  third  and  fourth  sacral  nerves. 

The  foTiii.  size,  and  situation  of  the  uterus  vary  at  differertt  periods  of  life  and  under  dif- 
ferent eirt' utustances. 

Ill  tht^ftrfim  the  uterus  ia  eoatained  in  the  abdominal  eavity^  projecting  beyond  the  brim  of 
the  j>elvis.     The  cervix  is  oorisiderably  lar^'er  ihim  the  liudy. 

At  ptfhtrt}/  the  uterus  is  pyritorm  in  ybape^  iind  w("i|ih?<  fVnm  eight  to  ten  dnichnis.  It  has 
des4^ended  into  the  pcdvis.  the  fundus  hcintr  jimt  bt^low  the  level  of  tlie  hriin  of  this  cavity.  The 
arbtir  vit^  is  distiiiet.  find  extt-nds  to  the  npper  pun  of  tlio  cavity  of  the  urifiin. 

Dunng  men  ^t  mat  ton  the  orgRU  is  euliirged*  aud  ini>re  vaseubr,  its  surtaees  rounder ;  the 
OS  extenmui  i»  rounded,  its  labia,  swollen,  and  the  liuiiip  membrane  of  the  bud>'  thickened, 
softer  and  of  a  darker  color.  Aecordin^^  to  J  Williams,  at  emh  reciirrenoe  of  menstraation  a 
aiolecalar  disinteg^ratioii  uf  the  niui.^aua  menibrane  takes  plaee,  whieli  leads  to  its  njnjplete 
removab  only  the  btises  of  the  |?lands  iiulH'dded  in  the  muscle  being  left.  x\t  the  cessation 
»i)f  meostraation  by  a  proUieration  of  the  reniiiining  stnietures  a  fresh  mucous  memlirane  is 
t'onned. 

During  pregnaiiof  the  uterus  becomei*  eaoraiously  enlarged,  and  in  the  ninth  month  reaches 
the  epigastric  ronton.  The  iaerease  in  sixe  is  partly  due  to  growth  of  pre-existing  muscle  and 
partly  to  develiiprneut  <->f  new  fibres. 

Aft^.r  purhtn'tinn  the  uterus  nearly  rt^eains  its  usual  size,  wcii'hii^s  alM>ut  an  ounce  and  a 
half;  but  its  cavity  is  larger  than  in  the  viririn  8tate>  the  external  oritiue  is  inure  marked,  its 
ed^^es  present  a  tissared  surface,  its  vessels  are  tortuous^  and  its  muscular  layers  are  more 
defined. 
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In  tihl  ar/e  tlic  utcrtis  becomes  atrophied,  aiul  paler  and  denser  in  texture  ;  a  more  distiiket 
conatrktiun  separates  tlie  body  and  cervix.  Tlie  ostium  internum  and,  occasionally,  the  iragiinl 
orifice  often  become  obliteratcfl,  and  itu  liibiti  almost  entirely  disiippear. 

APPENDAGES  OF  THE  UTEEUS. 

The  appeEdages  of  the  uterus  are  the  Fallopian  tubes*  the  ovaries  and  their 
ligaments,  and  the  round  ligaments.  Thov  are  placed  in  the  foUowin/5  order:  in 
front  is  the  round  ligament  ;  the  Fallopian  tube  occupies  the  upper  margin  of  the 
broad  ligament;  the  ovary  and  its  ligament  are  behind  and  below  both* 

THE  FALLOPIAN  TUBES. 

Tlie  Fallopian  Tubes,  or  Oviducts,  convey  the  ova  from  the  ovaries  to  the  cavitj 
of  the  uterus.  They  are  two  in  number,  one  on  eacli  side,  sitnated  in  the  upper 
margin  of  the  broad  ligament,  extending  from  each  superior  angle  of  the  uterus  to 
the  sides  uf  the  pelvia.  Each  tube  is  about  four  inches  in  length  ;  and  is  described 
as  consisting  of  three  portions  :  (1)  the  ulhmu^,  or  inner  constricted  half;  (2)  the 
ampulla^  or  outer  dilated  portion,   which    curves  over    the  ovary  ;    and  (3)  the 
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(Henle.) 


infuttiiihulum  with  its  ostfum  altdomittaii\  surrounded  by  fimbriae,  one  of  \vhich 
attached  to  the  ovary,  the  fimbria  ovaricn.  The  general  direction  of  the  Fallopian 
tube  18  outward  and  upward,  backward  and  downward.  The  uterine  opening 
minute,  and  will  only  adniit  a  tine  bristle  ;  the  abduminal  opening  is  comparativel 
much  larger.  In  connection  with  the  timbriLe  of  the  Fallopian  tube  or  with  the  broa^ 
ligament  close  to  them  there  is  frequently  one  or  more  small  vesicles  floating  on 
a  long  stalk  of  peritoneum.  These  are  termed  the  hydatids  of  Morgagni^  and  are 
probably  of  peritoneal  origin. 

Structure .^T be  Full o[ dan  tube  consists  of  three  coats — serous,  muscular^  and 
mucous. 

The  external  or  scroti^  coat  is  peritoneal. 

The  niiddli'  or  mtm'ulareoat  consists  of  an  external  longitudinal  and  an  internal 
circular  layer  of  muscular  fibres  continuous  with  those  of  the  uterus. 

The  ititern<d  or  mncous  coat  Is  continuous  with  the  mucous  lining  of  the  ulerus 
and,  at  the  free  extremity  of  the  tube,  with  the  peritoneum.  It  is  thrown  into 
longitudinal  fidds.  which  in  the  outer,  larger  part  of  the  tube,  or  ampulla,  arc  much 
more  extensive  tlian  in  ihe  narrow  eanal  id'  the  isthmus.  The  lining  epithelium 
is  columnar  ciliated,  This  form  of  epithelium  is  also  found  on  the  inner  surface 
of  the  fimbriie,  while  on  the  outer  or  serous  surfaces  of  these  prooeasea  the 
epithelium  gradually  merges  into  the  end<jthelium  of  the  peritoneum. 


THE  OVABIBS. 

The  Ovaries  {trJites  rnuh\bn'i<,  UslIl'Ti)  are  aniilogous  to  the  testes  in  tbo  male. 
They  are  oval-shaped,  {hitteoetl  bodies  of  au  elongated  form,  situated  one  on  eadi 
side  of  the  utenis,  connected  to  the  posterior  layer  of  the  broad  ligament  behind 
and  below  the  Fallopian  tubes.  Each  ovary  is  connected  by  its  anterior  straight 
margin  to  the  broad  ligstinents :  by  its  lower  extremity  to  the  uterus  bv  a  proper 
ligament,  the  Ugament  of  the  ttvari/  ;  and  by  its  upper  end  to  the  fimbriated  extremity 
of  the  Fallopian  tube  by  the  ovarian  fimbria;  its  mesial  and  lateral  surfaces  and 
posterior  convex  border  are  free.  The  ovaries  are  of  a  grayish-pink  color,  and  pre- 
sent either  a  smooth  or  puckered,  uneven  surface.  They  are  each  about  an  inch 
and  a  half  in  length,  three-quarters  of  an  inch  in  width j  and  about  a  third  of  an 
inch  thick,  and  weight  from  one  to  two  drachms. 

The  exact  p^tsition  of  the  ovary  has  been  the  subject  of  considerable  difference 
of  opinion,  and  writei-s  differ  much  as  to  what  is  to  be  regarded  as  the  normal  posi- 
tion. The  fact  appears  to  be  that  it  is  differently  placed  in  different  individuals. 
Hasse  has  described  it  as  being  situated  with  its  long  axis  transverse,  or  almost 
transverse,  to  the  pelvic  cavity.      Schidtze,  on   (be  i»ther  band,  believes  that  its 
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Fig,  75a— The  uterus  and  Its  ftptn^diigcn.  Posterior  view.  The  r«irt>  have  been  somewhat  displaced  frc>ru 
their  proper  positioo  iq  the  prefuimtirjn  of  the  sffecimen;  thus  the  right  ovary  baa  l>een  niisea  above  the 
FttUopIan  ttilw.  and  the  ruubriatttl  i^xlruinltiesi  of  the  tuben  have  bet?n  turned  upward  and  outward.  (From  a 
pneparatlon  in  the  R<iyttl  Collei^  of  Surgeoos.) 

long  axis  is  anteroposterior.  Kolliker  a.^serts  that  the  truth  lies  between  these 
two  views,  and  that  the  ovary  is  placed  obliquely  in  the  pelvis,  its  long  axis  lyin^ 
parallel  to  the  external  iliac  vessels,  with  its  surface  directed  inward  and  outward,  and 
its  cnnvex  free  border  u]»ward.  His  Ints  made  some  im |>or tan t  observations  on  this 
subject,  and  his  views  are  largely  accepted.  He  teaches  I  hat  the  uterus  rarely  lies 
synimetrieaUy  in  the  middle  of  the  pelvic  cavity,  but  is  generally  inclined  to  one 
or  other  side,  most  frerpiently  to  the  left,  in  the  proportion  of  three  to  two.  The 
position  of  the  two  ovaries  varies  according  to  the  inclination  of  the  uterus.  When 
the  uterus  Is  inclined  to  the  left,  the  ovary  of  this  side  lies  with  its  lon^  axis 
vertical  and  with  une  side  elnsely  applied  to  the  outer  wall  of  the  pelvis,  while  the 
ovary  uf  the  opp^jsite  side,  being  dragged  upon  by  the  incHnatiun  of  the  uterus, 
lies  obliquely,  its  outer  extremity  being  retained  in  close  apposition  to  the  side  of 
the  pelvis  by  the  infundibulo-pelvic  ligament  [page  1170).  When,  on  the  other 
hand,  the  uterus  is  inclined  to  the  right,  the  position  of  the  t^'o  ovaries  is  exactly 
reversed,  the  right  being  vertical  and  the  left  oblique.  In  wbicbever  jiosition  the 
ovary  is  jdaced,  the  Fallopian  tube  forms  a  lo(ij>  around  it,  the  uterine  half 
ascending  obliquely  over  it,  ancl  the  outer  halK  including  the  dilated  extremity, 
descending  and  bulging  freely  behind  it.  From  this  extremity  the  fimbrije  pass 
upward  on  to  the  ovary  and  closely  embrace  it. 

Stnicture, — The  ovarv  consists  of  ii  UTimber  of  Graafian  vesicles  imbedded  in 
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the  meshes  of  a  stroma  or  framework,  and  invested  by  a  serous  covering  derived 
from  the  peritoneum. 

Serouti  Covering. — Though  the  investing  membrane  of  the  ovary  is  derived 
from  the  ])eritoneiim,  it  differs  essentiallj  from  that  structure,  inasmuch  as  its 
epithelium  cunsii^ts  of  a  single  layer  of  columnar  cells,  instead  of  the  flattened 
endothelial  cells  of  other  parts  of  the  membrane ;  this  has  been  termed  the  ger- 
mitial  epithelium  of  Waldei/erj  and  gives  to  the  surface  of  the  ovary  a  dull  grmj 
aspect  instead  of  the  shining  smoothness  of  serous  membranes  generally. 

Stroma. — The  stroma  is  a  peculiar  soft  tissue,  abyndantly  supplied  with  blood- 
vessels, consist  J  tig  for  the  most  part  of  spindle-shaj*ed  cells,  with  a  ^mall  amoimf 
of  ordinary  connective  tissue.  These  cells  have  been  regarded  by  some  anatombti 
as  unstriped  musele-cells,  which,  indeed,  they  tuust  resemble  (His)  ;  by  others  u 
connective-tissue  cells  (Waldeyer,  Heule,  and  Kolliker),  On  the  surface  of  thf 
organ  this  tissue  is  much  condensed,  and  forms  a  layer  composed  of  short  connec- 
tive-tissue fibres,  with  fusiform  cells  between  them.  This  was  formerly  regsnlej 
as  a  distinct  librous  covering,  and  was  termed  the  tunMi  albuginea^  but  is  nothtDg 
more  than  a  condensed  layer  of  the  stroma  of  the  ovary. 

Graafian  Follicles. — Upon  making  a  section  of  an  ovary  numerous  round  traas- 
parent  vesicles  of  various  sizes  are  to  be  seen ;  they  are  the  Graafiatt  vcsichs  orfU- 
Ucles^  the  ovisacs  containing  the  ova.  Immediately  beneath  the  superficial  eovering 
is  a  layer  of  stroma^  in  which  are  a  large  number  of  minute  vesicles  of  unifoiin  siw, 
about  yI^  of  an  inch  in  iliameter.  These  are  the  Graafian  vesicles  in  their  earUest 
condition,  and  the  layer  where  they  are  found  has  been  teraied  the  cortical  lajftr* 
They  are  especially  numerous  in  the  ovary  of  the  young  child.      After  pubert? 

and  during  the  whole  of  the  child- 
l>earing  perirjd  large  and  matare» 
or  alm<«st  mature.  Graafian  v«i- 
cles  are  alsn  found  in  the  cortical 
layer  in  small  numbers,  and  also 
**  corpora  lutea,"  the  remains  of 
vesicles  which  have  bui*st  and  are 
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undergoing  atrophy  and  absorption.  Beneath  this  superficial  stratum  other  largf 
and  mrire  mature  Graafian  vesicles  are  found  imbedded  in  the  ovarian  sitrooia* 
These  increase  in  size  as  they  recede  fnmi  the  surface  toward  a  highly  vaseuhr 
stroma  in  the  centre  of  the  orgun,  termed  the  nu'dnUa}*//  mihtftanre  (zona  VfHtcuhM, 
Waldeyer).  This  stroma  forms  the  tissue  of  the  hilum  by  which  the  ofary  is 
attached,  and  through  which  the  blood-vessela  enter;  it  does  not  contain  aajT 
Graafian   vesicles. 

The  larger  Graafian  foIKvles  consist  of  an  external  fibro- vascular  coat  contiecirJ 
with  tlse  surroun^Jing  stroma  of  the  ovary  Ijy  a  network  of  blood-vessels  :  and  all 
internal  coat,  named  uptrap»iih\  which  is  lined  by  a  layer  uf  nucleated  cells,  called 
the  membrana  firafiuhtsa.  The  fluid  contained  in  the  interior  of  the  vesicles  is 
transparent  and  albuminous,  and  in  it  ia  suspended  the  ovum.  In  that  part  of 
the  mature  Graafian  vesicle  which  is  nearest  the  surface  of  the  o\*ary  the  cells  of 
the  memhrana  granulosa  are  collected  into  a  niiiss  ivhich  projects  into  the  caviiT 
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of  the  vesicle.  This  is  termed  the  discus  proligeruSy  and  in  this  the  ovum  is 
imbedded.* 

The  ova  are  formed  from  the  germ-epithelium  on  the  surface  of  the  ovary :  the 
cells  become  enlarged  and  involuted,  forming  little  depressions  on  the  surface  of 
the  ovary.  As  they  sink  deeper  into  the  tissue  they  become  enclosed  by  the  out- 
growth of  processes  from  the  stroma  of  the  ovary,  and,  becoming  surrounded,  their 
connection  with  the  surface  is  cut  off,  and  the  germ-epithelium  forming  the 
involution  is  contained  in  a  cavity,  the  future  Graafian  follicle.  The  germ-cell  or 
cells  now  form  the  ovum  ;  the  cell-wall  forms  the  vitelline  membrane ;  the  nucleus, 
the  germinal  area  or  vesicle ;  and  a  nucleolus,  which  soon  appears,  the  germinal 
spot.  A  clear  homogeneous  protoplasm  is  formed  within  the  cell,  constituting  the 
yelk,  and  thus  the  primordial  ovum  is  developed.  According  to  Dr.  FouUis,  the 
cells  of  the  membrana  granulosa  are  formed  out  of  the  nuclei  of  the  fibro-cellular 
stroma  of  the  ovary.* 

The  development  and  maturation  of  the  Graafian  vesicles  and  ova  continue 
uninterruptedly  from  puberty  to  the  end  of  the  fruitful  period  of  woman's  life, 
while  their  formation  commences  before  birth.  Before  puberty  the  ovaries  are 
small,  the  Graafian  vessels  contained  in  them  are  disposed  in  a  comparatively 
thick  layer  in  the  cortical  substance  ;  here  they  present  the  appearance  of  a  large 
number  of  minute  closed  vesicles,  constituting  the  early  condition  of  the  Graafian 
vesicle;  many,  however,  never  attain  full  development,  but  shrink  and  disappear, 
their  ova  being  incapable  of  impregnation.  At  puberty  the  ovaries  enlarge,  are 
more  vascular,  the  Graafian  vesicles  are  developed  in  greater  abundance,  and  their 
ova  are  capable  of  fecundation. 

Discharge  of  the  Ovum. — The  Graafian  vesicles,  after  gradually  approaching 
the  surface  of  the  ovary,  burst:  the  ovum  and  fluid  contents  are  liberated,  and 
escape  on  the  exterior  of  the  ovary,  passing  thence  into  the  Fallopian  tube.' 

In  the  foetus  the  ovaries  are  situated,  like  the  testes,  in  the  lumbar  region,  near 
the  kidneys.  They  may  be  distinguished  from  those  bodies  at  an  early  period  by 
their  elongated  and  flattened  form,  and  by  their  position,  which  is  at  first  oblique 
and  then  nearly  transverse.     They  gradually  descend  into  the  pelvis. 

Lying  above  the  ovary  in  the  broad  ligament  between  it  and  the  Fallopian  tube 
is  the  organ  of  Rosenmtiller,  called  also  the  parovarium.  This  is  the  remnant  of  a 
foetal  structure,  described  at  page  137.  In  the  adult  it  consists  of  a  few  closed  con- 
voluted tubes  lined  with  epithelium,  which  converge  toward  the  ovary,  but  which 
are  connected  at  their  opposite  extremities  with  a  longitudinal  tube,  the  duct  of 
Gartner  (epoophoron),  which  ends  in  a  bulbous  or  hydated  swelling.  The  paro- 
varium is  connected  at  its  uterine  extremity  with  the  remains  of  the  Wolffian  duct. 

The  paroophoron  corresponds  to  the  paradidymis  of  the  male,  and  is  found, 
when  present,  near  the  uterus. 

The  Ligament  of  the  Ovary  is  a  rounded  cord  which  extends  from  each  superior 
angle  of  the  uterus  to  the  lower  extremity  of  the  ovary  ;  it  consists  of  fibrous  tissue 
and  a  few  muscular  fibres  derived  from  the  uterus. 

The  Bound  Ligaments  are  two  rounded  cords,  between  four  and  five  inches  in 
length,  situated  between  the  layers  of  the  broad  ligament  in  front  of  and  below  the 
Fallopian  tube.  Commencing  on  each  side  at  the  superior  angle  of  the  uterus,  this 
ligament  passes  forward,  upward,  and  outward  through  the  internal  abdominal 
ring,  along  the  inguinal  canal,  to  the  labia  majora,  in  which  it  becomes  lost.  The 
round  ligament  consists  principally  of  muscular  tissue  prolonged  from  the  uterus ; 
also  of  some  fibrous  and  areolar  tissue,  besides  blood-vessels  and  nerves,  enclosed 
in  a  duplicature  of  peritoneum,  which  in  the  foetus  is  prolonged  in  the  form  of  a 
tubular  process  for  a  short  distance  into  the  inguinal  canal.  This  process  is  called 
the  canal  of  Nuck.    It  is  generally  obliterated  in  the  adult,  but  sometimes  remains 

*  For  a  description  of  the  ovum,  see  page  100. 

*  P^oc^edinga  of  the  Royal  Society  of  Edinburgh^  April,  1875. 

^  This  is  effected  either  by  application  of  the  tube  to  the  ovary,  or  by  a  curling  upward  of  the 
fimbriated  extremity,  so  that  the  ovum  is  caught  as  it  falls. 
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perviouB  even  in  advan€ed  life.     It  is  analogous  to  the  peritoneal    pouch  wiiA 
accompanies  the  descent  of  the  testis. 

Vessels  and  Nerves* — The  arteries  of  the  ovaries  and  Fallopian  ttibeB  arc  the 
ovarian  from  the  aorta.  They  enter  the  attached  border,  or  hilum^  of  the  ortrr. 
The  veiiu  follow  the  course  of  the  arteries;  they  form  a  plexus  near  the  ovary, tb 
pampifiiform  jth'jrt(s.  The  uen'fH  are  derived  from  the  inferior  hypn<faiitnc  or 
pelvic  plexus^,  and  from  the  ovarian  plexus,  the  Fallopian  tube  receiving  a  hrari<*li 
from  one  of  the  uterine  nerves. 

THE   MAMMAEY    GLAICDS. 

The  mammaei  or  breasts,  arc  accessory  glands  of  the  generative  system,  whick 

secrete  the  milk.      They  exist  in  the  male  as  well   as  in   the   female,  bat   in  the 

former  only  in  the  rudiuientiiry  state,  unless  their  growth  is  excited  by  peculiar 

circumstances.    In  the  female  tbey  are  two  large  hemispherical  eminences  sittmtcd 


m 


LobiUc  unravelled. 
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Flo.  756.— nissection  of  the  lower  half  af  tbe  female  breast  diiriug  the  period  of  lActatinn.     ( Frotn  LuschI 
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toward  the  hiteral  aspect  of  the  pectoral  region,  corresptmding  lo  the  inter\*mls 
between  the  third  and  sixth  or  seventh  rihs.  and  extending  from  the  side  of  the 
sternum  t<»  the  axilla.  Their  weight  and  dimetisiuns  differ  at  different  p€>ri<idf 
of  life  iiiid  in  different  Individ umIk.  Befme  puberty  tliey  are  of  small  sixe,  Ihii 
enlarge  a»  the  generative  organs  become  more  completely  developed.  Ther 
increase  during  pregnancy,  and  especially  after  delivery,  and  become  atrophied  in 
ohl  age.  The  left  maiiima  is  generally  a  little  larger  than  the  right.  Their  baist 
is  nearly  circular,  Hatteiied  nr  slightly  concave,  and  has  its  long  diameter  dirocied 
upward  an<l  outward  toward  the  axilla :  they  are  separateii  from  the  Pectoral  and 
Serratus  mugnus  muscles  by  a  layer  of  fascia.  The  outer  syrface  of  the  niainmA 
is  convex,  and  presents,  just  below  the  centre,  a  small  conical  prominence,  the  nipple 
(^rftammiUa),  The  surface  of  the  nipple  is  ilark-colored  and  surrounded  bv  w 
areola  having  a  colored  tint.  In  the  virgin  the  areola  is  of  a  delicate  ro8y  hue; 
about  the  second  month  after  impregnation  it  enlarges  and  acipiires  a  darker  fingf, 
which  increases  as  pregnancy  advances,  liecoming  in  some  cases  uf  a  dark-brovm 
or  even  black  colon  This  color  diminislies  as  soon  as  lactation  is  over,  but  ii 
never  entirely  lost  throughout  lite.  These  cliangCvS  in  the  color  of  the  iLreola  are 
of  importance  in  forming  a  conclusion  in  a  case  of  suspected  first  pregnane?* 
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The  nipple  is  a  cylindrical  or  conical  eminence  capable  of  undergoing  a  sort  of 
erectiun  from  median ical  excitement,  a  chsmge  mainly  doe  to  the  c«aitractinii  of  its 
muscular  fibres.  It  is  of  a  pink  or  brownish  hue,  its  surface  wrinkled  and  provided 
with  papillae,  and  it  is  perforated  at  the  tip  by  numerous  orifices,  the  apertures  of 
the  lactiferous  ducts.  Near  the  base  of  the  nipple  and  upon  the  surface  of  the 
areoli  are  numerous  sebaceous  glands,  which  become  much  enlarged  during  lacta- 
tion, and  present  the  appearance  of  small  tubercles  beneath  tbe  skin.  These 
glands  secrete  a  peculiar  fatty  sulistance,  wbich  serves  as  a  protection  to  the  integu- 
ment of  the  nipple  during  the  act  of  sucking.  The  nipple  consists  of  numerous 
vessels,  intermixed  with  plain  muscular  fibres,  which  are  principally  arranged  in  a 
circular  manner  around  the  base,  some  few  fibres  radiating  from  base  to  apex. 

Structure. — The  mnmma  consists  of  gland-tissue  ;  of  fibrous  tissue,  connecting  its 
lobes;  and  of  fatty  tissue  in  the  intervals  between  ilie  k)bes.  The  gland-tissue, 
when  freed  from  fibrous  tissue  and  fat,  is  of  a  j>ale  reddisb  Cidor,  firm  in  texture, 
circular  in  fonn,  flattened  from  betV»re  backward,  thicker  in  the  centre  than  at  the 
circumference,  and  presenting  several  inequalities  on  its  surface,  esj^ecially  in  front. 
It  consists  of  numerous  lobes,  and  tliese  are  composed  of  lobules  connected  together 
by  areolar  tissue,  blood-vessels,  and  ilucts.  The  smallest  lobules  consist  of  a  cluster 
of  rounded  alveoli,  which  open  into  the  smallest  bruncbes  of  tbe  lactiferous  ducts  ; 
these  dttcts,  uniti!ig,  form  larger  ducts,  wbich  terminate  in  a  single  canal,  correspond- 
ing with  one  of  the  chief  subdivisiims  of  the  giand.  Tbe  number  of  excretory  ducts 
varies  from  fifteen  to  twenty  :  they  are  termed  the  tubuli  laetiferi^  or  galaatophorL 
They  converge  toward  the  areola,  beneath  which  they  form  dilatations,  or  ampullce^ 
which  serve  as  reservoirs  for  the  milk,  and  at  the  base  of  tbe  nipple  become 
contracted  and  pursue  a  straight  course  to  its  summit,  perforating  it  by  separate 
orifices  considerably  narrower  than  t!ie  ducts  themselves.  The  ducts  are  composed 
of  areolar  tissue,  with  longitudinal  and  transverse  elastic  fibres  and  longitudinal 
muscular  fibres:  their  mucous  lining  is  continuous,  at  tbe  point  of  the  nipple,  with 
the  integument.  The  epithelium  of  the  mammary  gland  differs  according  to  the^ 
state  of  activity  of  the  organ.  In  the  gland  of  a  woman  who  is  not  iiregnant  or- 
suckling  the  alveoli  are  very  small  and  solid,  being  filled  with  amass  of  gninular 
polyhedral  cells.  During  pregnancy  the  alveoli  enlarge  and  the  cells  undergo- 
rapid  multiplication.  At  the  commencement  of  lactation  the  cells  in  tbe  centre- 
of  the  alveolus  undergo  fatty  degeneration,  and  are  eliminated  in  the  first  milk 
as  coioslrum-eorpust'ies.  Tbe  peripheral  cells  of  tbe  alveolus  remain,  and  form 
a  single  layer  of  granular,  short  columnar  cells,  with  a  S|»herical  nucleus,  lining 
the  limiting  membrana  pro|>ria.  These  cells  during  tbe  state  of  activity  uf  the  gland 
are  capable  of  forming,  in  their  interior,  oil-globules,  which  are  then  ejected  into 
the  lumen  of  tbe  alveolus  aud  constitute  the  milk-globules. 

The  jibroui  tismie  invests  the  entire  sui^ace  of  the  breast,  and  sends  down 
septa  betAveen  its  lobes,  connecting  them   together. 

The /art//  tiSHiir  surrounds  the  surface  of  the  gland  and  occupies  the  interval 
between  its  lobes.  It  usually  exists  in  considerable  abundance,  and  determines 
the  fi>rm  and  size  of  the  gland.  There  is  no  fat  inimedialely  beneath  tbe  areola 
and  nipple.     (The  colostrom-corpuscles  may  be  emignited  white  cor[>nscles.) 

Vessels  and  llerves, — The  arteries  supplying  the  mammae  are  derived  from  the 
thoracic  brancbes  of  the  axillaiy,  the  intercostals,  and  internal  mammary.  The 
veins  describe  an  anastomotic  circle  round  the  base  of  tbe  nipple,  called  by  Mailer 
tbe  rnrcuhiM  venoitns.  From  this  large  branches  transmit  the  blood  to  tbe 
circumference  of  the  gland  and  end  in  the  axillary  and  internal  mammary  veins. 
The  hfmphtiticsi^  for  tbe  most  part,  run  along  the  lower  border  of  the  Pectoralis 
major  to  the  axillary  glands  ;  some  few%  from  the  inner  side  of  the  breast,  perforate 
the  intercostal  spaces  and  empty  themselves  into  the  anterior  mediastinal  glands. 
The  nerves  are  derived  from  the  anterior  and  lateral  cutaneous  nerves  of  tbe  thorax* 
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Dissection  (Fii^,  757).-— For  tlitttfeclion  of  the  jMirfa  eoneornefl  in  hi^uina]  hernia  •  Ebii' 
subject,  tVeii  fmm  {'nt^  sIiliuM  always  Iw  iiek-^^teiK  Tfie  lHniy.sliuul(J  Im  pluced  id  the  vutihr  i** 
tioii,  the  abdomen  am]  pelvis  raised  by  [iiejuis  rd"  blix'kh  placed  beneath   tliem.  n? 

extreiuitiesi  rotated  mitWiml,  so  ils  to  make  tlie  parts a«  tense  as  jwssible.      If  the  ni  "li 

are  tlaeei<l.  the  cavity  ot  the  ubduiueri  should  be  inflated  by  an  aperture  through  iht?  utubiirur 
An  ineisiun  should  be  made  jilonijf  the  njidille  line  from  the  umbilieus  to  the  syiuph\i6i»  j*^ih* 
anil  euniinued  along  the  front  of  the  srroEunj,  an<l  a  second  incision  inmi  the  anterior  supefw 
spine  of  the  ilium  to  jiiat  below  the  uuibilicus.  These  ineisions  should  divide  the  inte^tmicift 
jtnd  the  iriati-^nilar-.'ihajicd  flap  ineltided  between  Hieni  should  be  reflected  downward  andotifvifd 
when  the  superfii'ial  faje.(!ia  will  he  exjwsed. 

The  Superflcial  Fascia  of  the  Abdomen,^ — ^This,  ovev  the  gt^eater  part  of  tbe 
abdomitia,!  wall,  cotisistii  of  a  single  hiyer  of  fascia,  which  contains  a  variiMe 
amfumt  of  fat ;  but  as  it  apf>roaches  the  groin  it  is  easily  divisible  into  tw«  InTeii 
between  which  are  fotiud  the  superficial  vessels  and  nerves  and  the  supeHSctil 
inguinal  lymphatic  glands. 

The  super fieiaf  hufer  is  thick»  areolar  in  texture,  containing  adipose  tis^ae  ii 
its  meshes,  the  <|uantity  of  which  varies  in  different  subjects.  Below,  if  lyn^m 
over  Poiti)art's  ligament,  anil  is  continuons  with  the  onter  layer  of  the  gsuperfiml 
fascia  of  the  thigh.  In  the  male  this  fascirt,  is  continued  over  the  penis  and  cirtf 
the  onter  surface  of  the  cord  to  the  scrotum,  where  it  helps  to  fomi  the  darf^ 
As  it  passes  to  the  penis  and  over  the  cord  to  the  scrotinn  it  changes  its  chamctei* 
becoming  thin,  destitute  of  adi[tose  tissue,  and  of  a  pale  reddish  color;  and  in  tit 
scrotum  it  aetjuires  srune  involuntary  muscular  fibres.  From  the  scrotum  it  aiti 
be  traced  backward,  to  be  continuous  with  the  su]*erficial  fascia  of  the  periDieiim. 
In  the  female  this  fascia  is  continued  into  the  labia  majora. 

The  htfpoqtjAtrk  bnitieh  of  the  Uh-hipogaMrle  mrve  petf orates  the  arioneurtetf 
of  the  External  oblif|ue  muscle  about  an  iiieli  above  and  a  little  to  the  outer  side  of 
the  external  abdi>minal  ring,  and  is  distributed  to  the  integument  of  the  hypogastik 
region. 

The  iUo-infimnal  nerve  escapes  at  the  external  abdominal  ring,  and  is  distribute 
to  the  integument  of  the  upper  and  inner  part  of  the  thigh,  to  the  serottiin  in  tke 
male  and  to  the  labium  in  the  female. 

The  attperjieifi!  eptt/ftHfrie  nrtt^iy  arises  from  the  femortil  about  half  an  ilich 
below  Poupart's  lignment,  and,  passing  through  the  ^ajdienous  opening  in  the  fmsm 
lata,  ascends  on  to  tiie  abdomen,  irt  the  superficial  fascia  covering  the  Extemil 
obliiiue  muscle,  nearly  as  high  as  the  umbilicus.  It  distributes  branches  to  tht 
superficial  inguinal  lymphatic  ghmds.  the  superficial  fascia,  and  the  integuioeat 
anastomosing  with  branches  of  the  deep  epigastric  and  internal  tnainniarv  artarici^ 

The  auperfieitil  ef'n'tfmflr.r  iHfie  tirtvrff,  the  smallest  of  the  cutaneous 'brmecJifiL 
arises  close  to  the  )U'ecediug.  and,  piercing  the  fascia  lata,  runs  outward,  tianlM 
with  Poti part's  ligametit,  as  far  as  the  crest  of  the  ilium,  dividing  into  branch^ 
which  snpply  the  superficial  inguinal  lymphatic  ghiuds,  the  superficial  fascia,  aiifi 
the  integument,  anastomosing  with  rhe  deep  circumllex  iliac  and  with  the  gluteal 
and  external  circumfiex  arteries. 

The  strprrfieial  exterufd  pmlie  {superior)  urtertf  arises  from  the  inner  side  of 
the  femoral  artery  close  to  the  preceding  vessels,  and,  after  passing  through  the 
saphenous  opening,  coui*ses  inward  across  the  spermatic  cord,  to  be  distributed  U^ 
the  integument  on  the  lower  part  rd'the  abiiomen,  the  penis  and  scrotum  in  the  male; 
and  the  labium  in  the  female,  anastomosing  with  branches  of  the  internal  pudic* 

The  Superjiehil  J\'ttiS. — The  veins  accompanying  these  superficial  vcfisels  ait 
iiso 
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ly  much  larger  than  the  arteries ;  they  terminate  in  the  internal  saphenous 


vein. 


The  i^uperfiedtl  uu/mtial  hfrnphaite  glands  arc  placed  immediately  beneath  the 
integument,  are  of  large  size,  and  vary  from  eight  to  ten  in  number*  They  are 
divisible  into  two  gronf>s :  an  np|>ei%  disjiosed  irregularly  along  Poupart's  liga- 
ment, which  receive  the  lyraphiitic  vessels  from  the  integument  of  the  serotum, 
penis,  parietes  of  the  abdomen,  perineal  and  gloteal  regions,  and  the  mucous 
membrane  of  the  urethra;  and  an  inferior  grouji,  which  surround  ihe  saphenous 
opening  in  the  fascia  lata,  a  few  being  sometimes  continued  along  the  saphenous 


"^ 


dreuM/ferf 


iJmc  vein.  I 


# 


kf-X 


Fjrtemal  uhd^minti 
ring. 


\^ 


.N\ 


Superjkittt  ^piffoiir 


V 


r 


Fio.  757.— TngiituAl  Itemla.    Saperflcial  df^i^^utlon, 

vein  to  a  variable  extent.  This  latter  group  receive  the  superficial  lymphatic 
vessels  from  the  lower  extremity. 

T  h  e  fh'  f  p  htifi*  r  17  f  t  h  c  a  up* '  rjir  iid  ffittri't  t  (fagria  of  Srftrp  a )  U  thinner  and  m  o  re 
membranous  in  character  than  the  superficial  layei%  In  the  middle  line  it  is 
intimately  adherent  to  the  linea  alba;  above,  it  is  continuous  with  the  superficial 
fascia  over  the  rest  of  the  trunk  ;  below,  it  is  connected  with  the  fascia  lata 
(thi^^ll)  a  little  below  Poupart's  ligament;  below  mul  iTitenuilly.  in  the  male,  it  is 
eoatinued  over  the  pent?;  antl  over  the  outer  surfiiee  of  the  cord  to  the  f^erotuiu* 
where  it  helps  to  form  the  dartos.  From  tlu?  scrotum  it  may  he  traced  backward 
to  be  continuous  with  the  drcp  laipr  ol  the  superficial  fascia  of  the  perineum. 
In   the  female  it  is  continuous  with   the  labia  mjijora. 

The  scrotum  is  a  cutaneous  pouch  which  contains  the  testes  and  part  of  the 
spermatic  cords,  and  into  which  an  inguinal  hernia  frequently  descends  (see 
page  11»'>3). 

The  Aponeurosis  of  the  External  Oblique  Muscle.— This  is  a  thin  but  strong 
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membranous  aponeurosis,  the  fibres  of  which  are  directed  obliquely  downwirf 
and  inwiird.  That  portion  of  the  aponeurosis  which  extends  between  the  aiit<?rior 
superior  spine  of  the  ilium  and  the  spine  of  the  os  pubis  if^  a  broad  baud,  fiJW 
inward  aud  continuous  below  with  the  fascia  lata:  it  is  caHed  Poupart's  ligamuL 
The  portion  w  liich  is  reflected  from  Pouprtrt's  ligament  at  the  8|>ine  of  the  os  polk 
along  the  pectineal  line,  is  called  Gimh&niats  Ugmnent.  From  the  point  of  atiact 
ment  of  the  latter  to  the  pectineal  line  a  few^  fibres  pass  upward  and  itiwsri 
behind  the  inner  ]>illar  of  the  ring,  t«»  the  linea  alba.  Thev  diverge  as  they  aseeni 
and  form  a  thin,  triiingular,  fibrous  band,  which  is  called  the  trianxfular  ligemai 
of  the  iibfloniiH.  In  the  aponeurosis  of  the  External  obli^^ue,  inimediately  aboretk 
crest  of  the  os  pubis,  is  a  triangular  opening,  the  external  or  superficial  ahdommd 
rituj.  formed  by  the  separati**n  M'  the  fibres  of  the  aponeurosis  in  this  dituatioiL 

The  External  or  Superficial  Alsdommal  Ring. ^ Just  above  and  to  the  outer  5i<ie 
of  the  crest  of  the  os  pubis  an  interval  is  seen  in  the  aponeurosis  of  the  Extemil 
oblique,  called  the  external  abdominal  ring.  This  aperture  is  oblii|ue  in  direction, 
somewhat  triangular  in  fiu-ra,  and  corresponds  with  the  coorse  of  the  fibres  of  the 
aponeurosis.  It  usually  measures  from  base  to  apex  abtuit  an  inch,  and  tniDJ- 
versely  about  half  an  inch.  It  is  bounded  below  by  the  crest  of  the  os  pabii; 
above,  by  a  series  of  curved  fibres,  the  interenlmnnar^  which  pass  across  the  upp^ 
angle  of  the  ring,  so  as  to  iticrease  its  strength  :  and  on  either  side,  by  the  uiir* 
gins  of  the  opening  in  the  aponeurosis,  which  are  called  the  columns  or  jnUan^f 
the  rimj. 

The  external  pillar,  which  at  the  same  time  is  inferior  from  the  obliquity  <{ 
its  direction,  is  the  stronger;  it  is  formed  by  that  portion  of  Poupart's  lignisriit 
which  is  inserted  into  the  spine  of  the  os  pubis;  it  is  curved,  so  aa  to  form  a  kind 
of  groove,  upon  which  the  H{»ermatic  cord  rests. 

The  internal  or  SHperifa'  pillar  is  a  broad,  thin,  flat  baud,  which  is  attached 
to  the  front  of  the  body  of  the  os  pubis,  interlacing  with  its  felbiw  of  the  t»[>p> 
site  side  in  front  of  the  syin|ihysis  pubis,  that  of  the  right  side  being  superficial. 

The  external  abdominal  ring  gives  passage  to  the  spermatic  cord  in  the  male 
and  round  ligament  in  the  female;  it  is  much  larger  in  men  tlian  in  wom^n,  on 
account  of  the  large  si/e  of  the  spermatic  cord,  ami  hence  the  great  freijueiiCT 
of  inguinal  hernia  in  men. 

The  intrreoliiotnar  fihres  are  a  series  of  curved  tendinous  fibres  which  ani 
across  the  lower  part  of  the  aponeurosis  of  the  External  nl>lique.  Thev  luTt 
received  their  name  from  stretching  across  between  the  two  pillars  of  the  external 
ring ;  they  increase  the  strength  of  the  lower  part  of  the  aponeurosis  and  prevent 
the  divergence  of  the  pillars  from  one  another.  They  are  thickest  below,  when? 
they  are  connected  to  the  outer  third  of  Poupart*s  ligament,  and  are  inserted  iiit>* 
the  linea  alba,  describing  a  curve,  wilh  the  convexity  downward.  Thev  are  mucl 
thicker  and  stnmger  at  the  outer  angle  of  the  external  ring  than  internallv,  and 
are  more  strongly  developed  in  the  male  than  in  the  female.  These  intercoluninaf 
fibres,  as  they  pass  across  the  external  abdominal  ring,  are  themselves  connected 
together  by  delicate  fibrous  tissue,  thus  fiuoiiug  a  fiiscia  which,  as  it  is  attached 
to  the  pillars  of  the  ring,  covers  it  in,  and  is  culled  the  intereo!iinniarJ*aMeitj,  Thii 
intercolumuar  tascia  is  continued  downward  as  a  tubular  prolongation  around  thr 
outer  surface  of  the  cord  and  testis,  and  encloses  them  in  a  distinct  sheath  ;  hcnctJ 
it  is  also  callecl  the  external  spennatte  fadeia.  The  sac  of  an  inguinal  hernia  in 
passing  through  the  external  abdominal  ring  receives  an  investment  from  the 
in tercol  um  n a  r  fascia , 

If  the  finger  is  introduced  a  short  distance  into  the  external  ring,  and  tbeu^  if 
the  limb  is  extended  and  rotated  outward,  the  aponeurosis  of  the  External  ohUf|n€. 
together  with  the  iliac  portion  of  the  fjiseia  lata,  will  be  felt  to  become  tense  and 
the  external  ring  much  contracted ;  if  the  limb  is,  on  the  contrary,  flexed  upon  tie 
pelvis  and  rotated  inward,  this  aponeurosis  will  become  lax,  and  the  external  Hd^ 
sufficiently  enlarged  to  admit  the  finger  with  comparative  ease;  hence  the  patient 
should  always  be  put  in  the  latter  position  when  the  taxis  is  applied  for  the  reduc- 
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tion  of  an  inguinal  hernia,  in  order  that  the  abdominal  walls  may  be  relaxed  as 
much  as  possible. 

The  apooeurcisift  of  the  External  uhlimie  should  Iw  removed  by  dividing  it  across  in  the  sanie 
direction  afi  the  external  incii^ions.  and  roflct^tin^  it  downwupl  iind  out  wan! :  jrreat  cure  id  retiuistte 
in  sepaniting  it  fr*im  the  aponeurti^is  of  tlie  inu^'le  beneath.  The  lower  i>art  of  the  Internal 
oblique  and  ihe  Oremaster  are  then  exposed,  together  with  the  inguinal  canal,  which  cr*iit4iinfl 
the  spenuatie  fonl  { V\\i.  T58).  The  niudc  of  insertion  of  Poupart's  and  Gimbemat's  hgamente 
into  the  os  pubis  s}i<:>uld  also  be  examiiieti 

Foupart's  ligament,  or  the  crural  arch^  is  the  lower  border  of  the  aponeurosis 
of  the  External  obli^jtie  muscle,  which  extends  fn^m  the  anterior  superior  spine  of 
the  ilium  to  the  spine  of  the  os  pubis.  From  this  latter  point  it  is  reflected 
outward  to  be  attached  to  the  pectineal    line  for  about  half   an  inch,  forming 


Fio.  75a— IngoinAl  hernia,  ihowing  the  Internal  oblique,  Crettturter,  and  epennatlc  caniL 

Gimbernafs  ligament.  Its  general  direction  is  cnrved  downward  toward  the 
thigh,  where  it  is  cnntinnons  with  the  fascia  lata.  Its  outer  half  is  romided  and 
obli<|ue  in  direction;  its  inner  half  gnidiially  widens  at  its  attachment  to  the  os 
pubis,  is  more  horizontal  in  direction,  and  lies  beneath  the  spermatic  cord. 

Gimbemat's  ligament  (Fig.  7(i.i)  is  that  pnrtit>n  of  the  External  obli(|ue  muscle 
which  is  reflected  downward  and  outward  from  the  spine  of  the  os  pubis  to  be 
inserted  into  the  pectineal  line.  It  is  about  half  an  inch  in  length,  larger  in  the 
male  than  in  the  female,  almost  horizjmtal  in  direction  in  the  erect  posture,  and 
of  a  triangular  form,  with  the  base  directed  outward.  Its  base  or  outer  margin  is 
concave,  thin,  and  sharp,  and  lies  in  coiiract  with  the  crural  sheath,  forming  the 
inner  boundary  f*f  the  crural  ring  (see  Fig.  760).  Its  apex  corresponds  to  the 
spint^  of  the  os  pubis.  Its  poArior  margin  is  attached  to  the  pectineal  line,  and 
is  continuous  with  the  pubic  portion  of  the  fascia  lata.  Its  anterior  margin  is 
continuoiis  with  Pou part's  ligament. 

The  triangular  ligament  of  the  abdomen  is  a  band  of  tendinous  fibres,  of  a 
triangular  shape,  which  is  attached  by  its  apex  to  the  pectineal  line,  where  it  is 
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continuous  with  Gimbernat's  ligament.  It  passes  inward  beneath  the  spenssiijr 
cord,  and  expands  into  a  somewhat  fan-sbaped  fascia,  lying  bebitid  the  inner  piilv 
of  the  exteriiiil  abdominal  ring  and  in  frcmt  of  the  conjoined  tendon,  and  interUee 
with  the  ligumeut  of  the  otJicr  side  at  the  linea  alba. 

The  lEternal  oblique  muscle  luis  been  previously  described  (page  451),  Tie 
part  which  is  now  expr*sed  is  partly  muscidar  and  partly  tendinous  in  struetufi 
Those  fibres  wbich  arise  from  Pouparts  ligament,  few  in  number  and  paler  in 
cohir  than  the  rest,  arch  downward  and  inward  across  the  spermatic  cord,  »ii*i 
becoming  tendinous,  are  inserted,  conjointly  with  those  ♦jf  the  Trans  versa  lis,  intotij* 
crest  of  the  os  pubis  and  pectineal  line,  f«uming  what  is  known  as  the  conjom^j 
tendnn  of  the  Internal  ob!i<pic  ancl  Transversalis,  This  tendon  is  inserted  Iiloj*' 
diately  behind  the  external  abdominal  ring,  serving  to  protect  what  w  ould  otW 
wise  he  a  weak  point  in  the  abdominal  wall.  Sometimes  this  tendon  is  insufScieAi 
to  resist  the  pressure  from  within,  and  is  carried  forward  in  front  of  the  protruswi 
through  the  external  ring,  forming  one  of  tlie  et»verings  of  direct  inguinal  hema 
or  tiie  hernia  forces  its  way  through  the  fibres  of  the  conj»>ined  tendon* 

The  Oremaater  is  a  thin  muscular  layer  composed  of  a  number  of  fksciwli 
which  arise  from  the  middle  of  Poupart*s  ligament  at  the  inner  side  of  the  Intercil 
ohlirpic,  being  connected  with  that  muscle  and  also  occasionally  with  tit 
Tninsversalis,  It  passes  along  the  outer  side  of  the  spermatic  cord,  descends  liti 
it  through  the  external  ring  upon  the  front  and  sides  of  the  cord,  and  fonn?i 
series  of  loops  which  difter  in  thickness  aufl  length  in  different  subjects.  Thf^w 
at  the  upper  part  of  the  cord  are  excee<lingly  short,  but  they  become  in  succes^iflK 
longer  and  longer,  the  longest  reaching  down  as  low  as  the  testicle,  where  »  fe» 
are  inserted  into  the  tunica  vaginalis.  These  loops  are  united  together  bv  arcoW 
tissue,  an<l  form  a  thin  covering  over  the  cord  and  testis,  the  fas<*ta  eremafUfw. 
The  lib  res  ascend  along  the  inner  side  of  the  cord,  and  are  inserted  by  a  >miB 
pointed  tendon  into  the  crest  of  the  os  pubis  and  front  of  the  sheath  of  the  Recrtis 
muscle. 

It  will  be  observed  that  the  origin  and  insertion  of  the  Cremaster  is  preci^eli' 
similar  to  that  of  the  lower  fibres  of  the  Internal  oblique.  This  fact  affords  an  ewy 
explanation  of  the  manner  in  whieh  the  testicle  and  cord  are  invested  by  this  muscle. 
At  an  early  period  of  foetal  life  the  testis  is  placed  at  the  lower  and  back  part  of  ikt 
abdominal  cavity,  but  dining  its  descent  to^vard  the  scrotum,  which  takes  pbcv 
befVtre  birth,  it  passes  beneatb  the  arched  border  of  flie  Internal  obli(|ue.  In  i<i 
passage  beneath  tliis  muscle  sojue  fibres  are  derived  from  its  lower  part  nhirk 
acc<uu[jany  the  testicle  und  cord  into  the  scrotum. 

It  occasionally  happens  that  the  loops  of  the  Cremaster  surround  the  cord,  >^  m-- 
lying  behind  as  well  as  in  front.  It  is  probable  that  under  these  circumsuiFia'^ 
the  testis  in  its  descent  passes  through,  instead  of  beneath,  the  fibres  of  the  IntemAl 
oblifiue. 

In  the  descent  of  an  oblique  inguinal  hernia,  which  takes  the  same  course 
the  spermatic  cord,  the  Cremaster  muscle  forms  one  of  its  coverings.  This  mwuk 
becomes  largely  developed  in  cases  of  hydrocele  and  large  old  scrotal  hernias*  No 
such  muscle  exists  in  the  female,  except  a  lew  fibres  on  the  surface  of  the  ntimd 
ligament,  hut  an  analogous  structure  is  developed  in  those  cases  where  an  obltqnt 
inguinal  hernia  descends  beneath  the  margin  of  the  Internal  oblique. 

Tlie  Internal  ohlluue  Hlmuld  he  detached  from  Fonpiirt's  liirament,  sepamtod   fronj 
Transversalis  tu  the  j^auie  extent  as  in  the  previous  incisions*  ami  reflected   inward 
sheath  *jf  the  Ktsiittis  (Fi^tr.  T5U).     The  cirL'umtiex  iliac  vesselti,  whieh  lie  betweeii 
nm«t'U?s,  form  a  valuable  guide  to  their  separjitiou. 

The  Transversalis  muscle  has  been  [ueviously  described  (page  453).  The  piT 
which  is  now  expoi^ed  is  partly  muscular  antl  partly  tendinous  in  structure  ;  tto 
portion  arises  fr*>m  the  outer  third  of  Pou part's  ligament,  its  fibres  curve  down- 
ward and  inward,  and  are  inserted,  together  with  those  of  the  Internal  Mbltqtif. 
into  the  lower  part  of  the  linea  alba,  into  the  crest  of  the  os  pubis  and  {>ectinctl 
line,  forming  what  is  known  as  the  conjoined  tendon  of  the  Internal  obliqtte  ud 
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Transversalis.     Between  the  lower  border  of  this  muscle  and  Poupart's  ligament 
a  S|iace  is  left  in  which  is  .^eeo  the  fascia  trans versalis. 

The  ingumal  or  apermatic  canal  contains  the  spermatic  cord  in  the  male  and 
the  rotmd  ligament  in  the  female.  It  \s  an  obi ii pie  ciuial,  about  an  incli  and  a  half 
in  length,  directed  downward  and  inward  and  placed  parallel  with,  and  a  little 
above,  Poupart's  ligament  It  commences  above  at  the  internal  abdominal  ring, 
which  is  the  point  where  the  cord  enters  the  spermatic  canal,  and  teraiinates 
below  at  the  external  ring.  It  is  bounded,  in  fronts  by  the  integument  and 
superficial  fascia,  by  the  aponeurosis  of  the  External  oblique  throughout  its  wh<ile 
length,  and  by  the  Internal  oblique  for  its  outer  third;  hthind^  by  the  triangular 
ligament,  the  conjoined  tendon  of  the  Internal  oblique  and  Transversal  is,  trans- 
versal is  fascia,  and  the  subperitoneal  fat  and  peritoneum  ;  abovi\  by  the  arched 
fibres  of  the  Internal  oblique  and  Trans versalis  ;  beloiP^  by  the  union  of  the  fascia 
trans versalis   with  Poupart^s  ligament     That   form  of  protrusion  in  which  the 
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Fig.  75^.--InipiinAl  hernia  showing;  the  TranftTerBAlis  moflcle,  the   trans versallii  fkecla,  and  Lhe  interrial 
abdomin&l  tId?. 

intestine  follows  the  course  of  the  spermatic  cord  along  the  spermatic  canal  is 
called  fthlique  inf/ninaf  hf^rnui. 

The  fascia  transversalis  is  a  thin  ajioneurotic  membrane  which  lies  between 
the  inner  surface  of  the  Transversalis  muscle  and  the  peritoneum.  It  forms  part 
of  the  general  layer  of  fascia  which  lines  the  interior  of  the  abdominal  and  pelvic 
cavities,  and  is  directly  continuous  with  the  iliac  and  pelvic  fascii«. 

In  the  inguinal  region  the  transversalis  fascia  is  thick  and  dense  in  structure, 
and  joined  by  fibres  from  the  aponeurosis  of  the  Transversalis  muscle;  but  it 
becomes  lb  in  and  cellular  as  it  ascends  to  the  Diaphragm.  Below,  it  has  the 
following  attachiueri+s  :  external  to  llie  femoral  vessels  it  is  connected  to  the 
posterior  margin  of  Pou part's  ligament,  and  is  there  continuous  with  the  iliac 
fascia.  Internal  to  the  vessels  it  is  thin,  anil  attached  to  the  os  pubis  and  pectineal 
line  behind  the  conjoined  tendon,  with  which  it  is  united;  and*  corresponding  to 
the  points  where  the  femoral  vessels  pass  into  the  thigh,  this  fascia  descends  in 
front  of  them,  forming  the  anterior  wiill  of  the  crural  sheath.     The  spermatic  cord 
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in  the  male  and  the  rouad  ligament  in  the  female  pass  through  this  fascia;  tkt 
point  where  they  \mm  through  is  called  the  internal  or  deep  abdominal  ring.  Til* 
opening  is  not  visible  externally,  owing  tci  a  prolongation  of  the  transversalisfiwrw 
on  these  structures,  tunning  the  in  fundi  bull  form  process. 

The  mtemal  or  deep  abdommal  ring  is  .situated  in  the  transversal  is  hmx 
midway  between  the  anterior  superior  spine  of  the  ilium  and  the  symphvsis  pu^ii 
and  about  half  an  inch  above  Pou partes  ligament.  It  is  of  an  oval  form,  tLf 
extremities  of  the  oval  directed  upward  and  downward;  it  varies  in  sir.e  la  liif- 
ferent  subjects,  and  is  much  larger  in  the  male  than  in  the  female.  It  is  boundeti 
above  an<l  externally  by  the  arcbed  fibres  of  the  Trans versalis  muscle,  below  aii'i 
internally  by  the  deep  epigastric  vessels*  It  transmits  the  spermatic  cord  in  tk# 
male  and  the  round  ligament  in  the  female.  From  its  circumference  a  iLin 
fiinnel-shaj)ed  menibrane,  the  iJtfundthnliformfhscift^  in  continued  round  the  e»trii 
and  testis,  enclosing  them  in  a  distinct  pouch*  When  the  sac  of  an  ubli»jtte 
inguinal  hernia  passes  through  the  internal  or  deej>  abdominal  ring,  the  infuadi- 
buliform  jU'ocess  of  the  transversalis  fascia  ftu'ms  one  of  its  coverings. 

The  Subperitoneal  Areolar  Tissue. — Between  the  fascia  ti-ansversalis  and  tJi^ 
peritoneum  is  a  quantity  of  liHvse  areolar  tissue.  In  some  subjects  it  is  of  c\*n 
siderable  thickness  and  loa<led  with  adipnse  tissue.  Opposite  the  internal  nng  a 
is  continued  round  the  surface  of  the  cord^  forming  a  b>ose  sheath  for  it. 

The  deep  epk/agfric  f/rfm/ arises  from  the  external  iliac  artery  a  few  lines  aboR 
Poujjart's  ligament.  It  at  first  descends  to  reach  this  ligament,  and  ihen  a4icei»4 
obliquely  along  the  inner  margin  of  the  internal  or  deep  abdominal  ring,  Ivmj 
between  the  transversalis  fascia  and  the  perittmeum,  and  passing  upward  pieitw 
the  transversalis  fascia  and  enters  the  sheath  of  the  Rectus  muscle  just  below  dif 
semibmar  Md  of  Douglas,  Consequently  the  deep  epigastric  artery  bears  a  Terr 
iniportjint  relation  to  the  infernal  abd<uninal  ring  as  it  passes  oblii|uelv  upwiiJ 
and  inward  from  its  origin  from  the  external  iliac.  In  this  part  of  its  course  it 
lies  ah)ng  the  lower  and  inner  margin  of  the  internal  ring  and  beneuth  tbt 
commencement  of  the  spermatic  cord.  As  it  winds  round  tlie  interaal  abdotDinftl 
ring  it  is  crossed  by  the  vas  deferens  in  the  male  and  by  the  round  ligament  in  the 
female. 

The  peritoneum,  corresponding  to  the  inner  surface  of  the  internal  ring,  iire^ai* 
a  well-nnirked  depression,  the  depth  of  which  varies  in  different  subjects,  A  dkio 
fibroas  band  is  continued  from  it  along  the  front  of  the  cord  for  a  variable  distAnc^e, 
and  becomes  ultimately  lost.  This  is  the  remains  of  the  pouch  of  peritoiieun 
which,  in  the  foetus,  accompanies  the  cord  and  testis  into  the  scrotum,  xht 
oblite/ation  of  which  commences  sorm  after  birth.  In  some  cases  the  fibrous  baod 
can  only  be  traced  a  short  distance,  but  <iccasi<*nally  it  may  be  followed,  as  a  fiBf 
cord,  as  far  as  the  upi>er  end  of  the  tunica  vaginalis*  Sometimes  the  tube  of 
peritonewm  is  only  closed  at  intervals  and  preticnts  a  sacculated  appearance,  or  » 
single  pouch  may  extend  along  the  whole  length  of  the  cord,  which  mav  heckisfi 
above,  or  the  pouch  may  be  directly  continuous  with  the  peritoneum  bv  la 
opening  at  its  upper  part. 

In  the  female  (in  the  fcctus)  the  peritoneum  is  also  prolonged  in  the  form  of* 
tubular  process  for  a  short  distance  into  the  inguinal  canal.  This  process  is  emlM 
the  canal  of  Nuck.  It  is  generally  oWiterated  in  the  adult,  but  sometimes  it  reouii&fi 
pervious  even  in  advanced  life.  It  is  analogous  to  the  peritoneal  pouch  mhick 
accompanies  the  descent  of  the  testis, 

INGUINAL    HERNIA. 

Ingnmal  hernia  is  that  form  of  protrusion  which  makes  its  way  through  tbe 
abdomen  in  the  inguinal  region. 

There  are  two  principal  varieties  of  inguinal  hernia — external  or  obliiiue,  Ahi 
internal  or  direct. 

External  or  oblique  inguinal  herniif,  tlie  more  fret|Uent  *\t  the  twcK  takes  ihi 
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same  course  as  ite  spennatic  cord.     It  is  called  external  from  the  neck  of  the  sac 
being  on  the  outer  or  iliac  side  of  the  deep  epigastric  artery. 

Infernal  or  dirt'ct  ingitiHai  hernia  does  not  follow  the  same  course  as  the  cord, 
but  protrudes  through  the  abdominal  wall  on  the  inner  or  pubic  side  of  the  deep 
epigastric  artery. 

Oblique  Ligmnal  Hemia. 

Iti  obli<iue  mguinal  hernia  the  intestine  escapes  from  the  abdominal  cavity  at 
the  internal  ring,  pushing  before  it  a  pouch  of  peritoneuin,  which  forms  the  hernial 
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Fig.  760.    ObUqucj'  hiuuiiinl  hernia*  Ahowing  its  various  eoverhigk.    (From  a  prcparatiijn  in  tbe  Mu(»«udi  ut 
the  Royal  College  of  SurKeona.j 


sac  (Tig.  761,  a)*  As  it  enters  the  inguinal  canal  it  receives  nn  investment  from 
the  subserous  areolar  tissue,  and  is  enchased  in  the  infundibuliform  process  of  the 
transversalis  fascia.  In  passing  along  the  inguinal  canal  it  displaces  upward  the 
arched  fibres  of  the  Transversalis  and  Internal  ubliijue  muscles,  and  is  surrounded 
by  the  fibres  of  the  Cremaster-  It  then  passes  ahirig  the  front  of  the  cord,  and 
escapes  from  the  inguinal  ciinal  at  the  external  ring,  receiving  an  investment  fnun 
the  intercolumnar  fascia.  Lastly,  it  descends  into  thu  scrotum,  receiving  coverings 
from  the  superficial  fascia  find  the  integimient. 

The  coverings  of  this  form  of  hernia,  after  it  has  passed  through  the  external 
ring,  are,  from  without  inward,  the  integument,  superficial  fascia,  intercolumnar 
fascia,  Cremaster  muscle,  infundibuliform  fascia,  subserous  areolar  tissue,  and 
peritoneum* 

This  form  of  hernia  lies  in  front  of  the  vessels  of  the  spermatic  cord  and 


£L  UeriiLti  luici  tlitj  funicular  process. 
Fio.  7»1.— Varieties  of  oblii|iie  inguinal  ht'rnia. 


The  seat  of  stricture  in  obli(]ue  iuguina]  hernia  is  either  at  the  external  riat, 
in   the  ingiimal  canal,  caused  by  the  fibres  of  the  Internal  oblique  ur  Trtitf* 
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versalis ;  or  at  the  internal  ring,  most  frofiuently  in  the  latter  situation.  If  it  is 
situated  at  the  external  ring,  the  division  of  a  few  fibres  at  one  point  of  its 
circiirnference  is  all  that  is  necessary  for  the  replacement  of  the  hernia.  If 
in  the  ingiiinid  canal  or  at  the  internal  ring,  it  may  be  necessary  to  divide  the 
aponeurosis  of  the  External  obli«;jue  so  as  to  lay  oj>en  the  inguinal  canal.  In 
dividing  the  stricture  the  direction  of  the  incision  should  be  upward. 

When  the  intestine  passes  along  the  spermatic  canal  and  escapes  from  the 
external  ring  into  the  scrotum,  it  is  called  complete  ohlique  intfuinal  or  scrotal 
h'.rniti.  If  the  intestine  does  not  escape  from  the  external  ring,  but  is  retained 
in  the  inguinal  canal,  it  is  called  incomplete  itttfuiftal  hentid,  or  bubonocele.  In 
each  of  these  cases  the  coverings  which  invest  it  will  depend  upon  the  extent  to 
which  it  descends  in  the  inguinal  canal. 

There  are  some  other  varieties  of  oblique  inguinal  hernia  depending  upon  con- 
genita! defects  in  the  processus  vaginalis.  The  testicle  in  its  descent  from  the 
abdomen  into  the  scrotum  is  accompanied  by  a  pouch  of  peritoneum,  which  about 
the  period  of  birth  becomes  shut  off  from  the  general  peritoneal  cavity  by  a  closure 
of  that  portion  of  the  pouch  which  extends  from  the  internal  abdominal  ring  to 
near  the  upper  part  of  the  testicle,  the  lower  portion  of  the  pouch  remaining  per- 
sistent as  the  tunica  vaginalis.  It  would  appear  that  this  closure  commences  at 
two  points — viz.  at  the  internal  abdominal  ring  and  at  the  top  of  the  epididymis — 
and  gradually  extends  until,  in  the  normal  condition,  the  whole  of  the  inter- 
vening ^tortion  is  converted  into  a  fibrous  cord.  Frrmi  failure  in  the  Cfjmpletioe 
of  this  process  variations  in  the  relation  of  the  hernial  protrusion  to  the 
testicle  and  tunica  vaginalis  are  produced,  which  constitute  distinct  varieties 
of  inguinal  hernia,  and  which  have  received  separate  names  and  are  of  surgical 
importance.  These  are  congenital,  infantile,  encysted,  and  hernia  of  the  funicu- 
lar process. 

Congenital  Hernia  (Fig.  761,  n). — Where  the  pouch  of  peritoneum  which 
accompanies  the  cord  and  testis  tn  its  dei^cent  remains  patent  throughout  and  is 
unclosed  at  any  point,  the  cavity  of  the  tunica  vaginalis  communicates  directly 
with  the  peritoneum.  The  intestine  descends  along  this  pouch  into  the  cavity  of 
the  tunica  vaginalis,  which  constitutes  the  sac  of  the  hernia,  and  the  gut  lies  in 
contact  with  the  testicle. 

Infantile  and  Encysted  Hernia.— Where  the  pouch  of  peritoneum  is  occluded 
at  the  internal  ring  only,  and  remains  patent  throughout  the  rest  of  its  extent, 
two  varieties  of  obli^jue  inguinal  hernia  may  be  produced,  wbich  have  received 
the  names  of  infantile  and  encysted  hernia.  In  the  mftmttle  form  (Fig,  761,  c) 
the  bowel,  pressing  upon  the  septum  and  the  peritoneum  in  its  immediate 
neighborhood,  causes  it  to  yield  and  form  a  sac,  which  descends  behind  the 
tunica  vaginalis,  so  that  in  front  of  the  bowel  there  are  three  layers  of  per- 
itoneum, the  two  layers  nf  the  tunica  vaginalis  and  its  own  sac.  In  the  enn/sted 
form  (Fig.  761,  n)  pressure  in  the  same  position— namely,  at  the  occluded  sp<'*t  in 
the  pouch — causes  the  septum  to  yield  and  form  a  sac  which  projects  into  and  not 
behmd  the  tunica  vaginalis,  as  in  the  infantile  form,  and  thus  it  constitutes  a  sac 
within  a  sac,  so  that  in  fnmt  of  the  bowel  there  are  two  layers  of  peritoneum — one 
layer  of  the  tunica  vaginalis  and  its  own  sac. 

Hernia  into  the  Funicular  Proceas  (Fig.  761,  e). — Where  the  pouch  of  perito- 
neum is  occluded  at  the  lower  point  only — that  is»  just  above  the  testicle — the 
intestine  descends  into  the  pouch  of  peritoneum  as  far  as  the  testicle,  but  is  pre- 
vented from  entering  the  sac  of  the  tunica  vaginalis  by  the  septum  which  bas 
formed  between  it  and  the  pouch,  so  that  it  resembles  the  congenital  fonn  in  all 
respects,  except  that,  instead  of  enveloping  the  testicle,  that  body  can  be  felt 
below  the  rupture. 

Direct  Ingiiiiial  Hernia. 

In  direct  inguinal  hernia  the  protrusion  makes  its  way  through  some  part  of 
the  abdominal  wall  internal  to  the  epigastric  artery. 
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At  the  lower  part  of  tlie  abdomirutl  wall  is  a  triangitlar  sjmce  (ffe9$eJha<kt 
triangle)^  bounded  externally  by  tlie  deep  epigastric  artery  covered  by  peritAiietii 
{plica  epitjastriea),  internally  l>y  the  margin  of  tbe  Rectus  muscle,  below  by  Vm- 
partes  ligament.  The  conjoined  tendon  is  stretched  across  the  inner  two-think nf 
this  space,  t!ie  remaining  portion  of  the  space  having  only  the  subperitoneal  *m- 
lar  tissne  and  the  transversal  is  fascia  between  the  peritoneum  and  the  aponeonwi* 
of  the  External  oblique  muscle. 

In  some  crises  tbe  hernia!  protrusion  escapes  from  the  abdomen  on  the  ootrf 
aide  of  the  conjoined  tendim,  pushing  before  it  the  peritoneum,  the  sul^srno! 
areolar  tissue,  and  the  transversalis  fascia.  It  then  enters  the  inguinal  cant, 
passing  along  nearly  its  whole  length,  and  finally  emerges  from  the  external  riiip 
receis^ng  an  investment  from  the  intercolumnar  fascia.  U'he  coverings  of  tita 
form  of  hernia  are  precisely  similar  to  those  investing  the  ob1i(|ue  form,  with  ik 
insignificant  difference  that  the  infiindibuliform  fascia  is  replaced  bv  »  jHirtit* 
derived  from  the  general  layer  of  the  fascia  trans veraalis. 

In  other  cases — and  this  is  the  more  frecjuent  variety — the  hernia  is  eifhi  :  f 
through  the  fibres  of  the  conjoined  tendon  or  the  tendon  is  gradually  dist*  . 
fnmt  of  it  so  a^  to  f«»rm  a  complete  investment  for  it.  The  intestine  then  rair  • 
the  lower  end  of  the  inguinal  canal,  esca[>es  at  the  external  ring  lying  on  tk 
inner  side  of  the  cord,  and  receives  additional  coveinngs  from  the  superficial  faw 
and  the  integument.  This  form  of  hernia  has  the  same  coverings  as  the  oblirjv 
variety,  excepting  that  the  conjoined  tendon  is  substituted  for  the  Cremn^ter,  iL<i 
the  in  fundi  bulifurm  fascia  is  replaced  hv  a  portion  derived  from  the  general  layn 
of  the  fascia  transversal  is. 

The  difference  between  tlie  position  of  the  neck  of  the  sac  in  these  two  ftin!> 
of  direct  inguinal  hernia  has  been  referred*  with  sonic  probability^  to  a  differcurt 
in  the  relative  positions  of  the  obliterated  hypogastric  artery  and  the  deq- 
epigastric  artery.  When  the  course  of  the  obliterated  hypogastric  art  err  crtr- 
responds  pretty  nearly  with  that  of  the  deep  epigastric — ^which  is  regarded  as  tk 
nornial  arrangement — the  projection  of  these  arteries  toward  the  cavity  of  tie 
abiiiuucu  produces  two  f«jsste  in  the  peritoneum.  The  bottom  of  the  external  f<«« 
of  the  peritoneum  corresponds  to  the  position  of  the  internal  abdominal  ring,  sod 
a  hernia  which  distends  and  pushes  out  the  peritoneum  lining  this  fossa  isii 
oblique  hernia.  When,  on  the  other  hand,  the  obliterated  hypogastric  arterv  hrt 
considerably  to  tbe  inner  side  of  the  deep  epigastric  artery,  corresponding  to  flit 
outer  margin  of  the  conjoined  tendon,  tne  projection  of  the  peritoneum  over  h 
(jfliaa  hfipoipfsirtf'd)  divides  tbe  triangle  of  Ilesselbach  into  two  parts,  so  duU 
three  dejircssions  will  he  seen  on  the  inner  surface  of  the  lower  part  of  the  abdom- 
inal wall — viz,  an  external  one,  on  the  outer  side  of  the  deep  epigastric  arterv;  t 
middle  one,  between  the  deep  epigastric  and  the  obliterated  hypogastric  artenw; 
and  an  internal  one,  on  the  inner  side  of  the  obliterated  hypogastric  artery.  Ib 
such  a  case  a  hernia  may  distend  and  push  out  the  peritoneum  fomiing  the  boitoa 
of  the  external  fossa,  it  is  an  oblique  or  external  inguinal  hernia.  These  f( 
are  the  ififftiinai  fossce. 

When  the  hernia  distends  and  pushes  out  the  peritoneiim  forming  the  bol 
of  either  the  middle  or  the  internal  fossa,  it  is  a  direct  or  inteinal  hernia. 

The  anatrunical  <liflrerenee  between  these  two  forms  of  direct  nr  mtei 
inguinal  hernia  is  that,  when  the  hernia  |irotrudes  through  the  middle  fossa — tint 
is,  the  fogsa  between  the  deep  epigastric  and  the  obliterated  hypogastric  arterifs^— 
it  will  enter  the  ujjper  part  of  the  inguinal  canal;  conseiptently  its  coverings  willbe 
the  same  as  those  of  an  obliqtie  hernia,  with  the  insignificant  difference  that  ikt 
iufundibuliforni  fascia  is  replaced  by  a  |>ort!ou  derived  from  the  general  layer 'rf 
the  fascia  transversa  lis,  whereas  when  the  hernia  jirotrudes  throiigh  the  intemiJ 
fossa  it  is  either  forced  through  the  fibres  of  the  conjoined  ten^bin  nr  the  tendon  i* 
gradually  distended  in  front  of  it  so  as  to  foi*m  a  complete  investment  for  iL  TVe 
intestine  then  enters  the  low^er  part  of  the  inguinal  canal,  and  escatvess  tram  ibt 
external  abdruuinal  ring  lying  on  the  inner  side  of  the  cord. 
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This  form  of  liernia  has  the  same  coverings  a.^  the  oblique  variety,  excepting 
that  the  conjnint'd  tendon  is  substituted  for  the  C  rem  aster,  and  the  infandibuli- 
form  fascia  is  replaced  by  a  portion  derived  from  the  general  layer  of  the  fascia 
trans  versalis. 

The  »*Hit  of  strieture  in  both  varieties  of  direct  hernia  is  most  fre<|ueutly  at  the 
neck  of  the  sac  or  at  the  external  ring.  In  that  form  of  hernia  which  perforates 
the  conjoined  tendon  it  not  nnfrc<|«ently  occurs  at  the  edges  of  the  fissure  through 
which  the  gut  piis»es.  In  dividing  the  stricture  the  incision  should  in  al!  cases  be 
directed  upward.* 

If  the  hernial  protrusion  passes  into  the  inguinal  canal,  but  does  not  escape 
from  the  external  abdominal  ring,  it  forms  what  is  called  incomplete  direct  hernia. 
This  form  of  hernia  is  usually  of  small  size,  and  in  corpulent  persons  very  difficult 
of  detection. 

Direct  inguinal  hernia  is  of  much  less  frei|uent  occurrence  thim  the  oblique, 
their  comparative  frequency  being,  according  to  Cloquet,  as  one  to  five.  It  occurs 
far  more  frequently  in  men  than  in  women,  on  account  of  the  larger  size  of  the 
external  ring  in  the  former  sex.  It  differs  from  the  oblique  in  its  smaller  size  and 
globular  form,  dependent  most  probably  on  the  resistance  offered  to  its  progress  by 
the  transversalis  fascia  and  conjoined  tendon.  It  differs  also  in  its  position,  being 
placed  over  the  os  pubis  and  not  in  the  course  of  the  inguinul  canal.  The  deep 
epigastric  artery  runs  on  the  outer  or  iliac  side  of  the  neck  of  the  sac,  and  the 
spermatic  cord  along  its  external  and  posterior  side,  not  directly  behind  it,  as  in 
oblique  inguinal  hernia. 

PEMOEAL   HERNIA. 

The^  dkKotlon  of  the  pifte  comprised  in  the  at i atomy  of  femoral  hernia  should  he  per- 
formed, if  possible.  u{>ou  a  remale  subject  free  fnmi  fat.  The  suhject  should  lie  ujH>n  its  btti^k  : 
a  bkjck  is  first  placed  under  the  pelvis^  the  thijudi  everted,  and  the  knee  slightljj^  beit  and 
retained  in  this  p<:isition.  An  iut-isiuu  should  then  be  made  from  the  anterior  sujierior  spinuua 
prooesB  of  tlie  ilium  along  Poujiari's  ligament  to  the  symphysis*  pubis ;  a  second  incisiun  should 
Be  carried  tmiL^versely  acmss  the  thi^h  iibout  six  inches  beneath  the  preceding;  a^d  these  aie 
to  be  connected  together  bj  a  vertical  one  carried  aloaj^  the  inner  side  of  the  tliigh.  These 
several  ineisiuns  sliould  divide  merely  the  inte^umeat ;  this  is  to  be  reflected  outward,  when  the 
superficial  fascia  will  be  exposed. 

The  superficial  fascia  forms  a  continuous  layer  over  the  whole  of  the  thigh ^ 
consisting  of  areolar  tissue,  containing  in  its  meshes  much  fat,  and  capable  of 
being  separated  into  two  or  more  layers,  between  which  are  found  the  superficial 
vessels  and  nerves.  It  varies  in  thickness  in  different  parts  of  the  limb.  In  the 
groin  it  is  thick,  and  the  two  layers  are  separated  from  one  another  by  the  super- 
ficial inguinal  lymphatic  glands,  the  internal  saphenous  vein,  and  several  smaller 
vessels.  One  of  these  layers,  the  superficial,  is  continuous  with  the  superficial 
fascia  of  the  abdomen. 

The  superficial  layer  shouM  be  detached  by  dividing:  it  across  in  the  same  direction  as  the 
external  incisioas;  its  remnval  will  he  facilitated  bv  commencing  at  the  lower  and  inucr  angle  of 
the  space,  detaching^  it  at  first  tmm  the  front  of  tlie  internal  saphenous  vein,  m\\\  dissttcting  it 
off  from  the  anterior  surface  of  that  vess*?!  and  its  tributaries;  it  should  then  be  reflected  out- 
wanl  in  the  same  manner  as  the  inteyuuient.  The  cutaneous  vessels  and  nerves  and  superficial, 
inguinal  glands  are  then  exposed^  lying  upon  the  deep  layer  of  the  superficial  fascia.  These  are 
the  internal  saphenous  vein  and  the  superficial  epigru'itnc,  snperflcial  circiunfiex  iliac,  and  suj)er- 
ficial  external  pmlic  vessels^  as  well  as  numerous  lympliatics,  ascending  with  the  saphenous  vein 
to  the  inguinal  glands. 

The  interna!  or  long  gaphen&ti^  vein  ascends  along  the  inner  side  of  the  thigh, 
and,  passing  through  the  saphenous  opening  in  the  fascia  lata,  terminates  in  the 
femoral   vein  about  an  inch  and  a  half  below*  Poupart  s  ligament.     This  vein 

*  In  all  cases  of  inguinal  hernia,  whedier  oblique  or  direct,  it  is  propex  to  divide  the  stricture 
directly  upwanl :  the  reuson  of  thw  is  ohviuns^  for  by  cultiti^f  in  this  direetron  the  jiiciaiun  in  umde 
pamlLel  to  tlie  deep  epigiistrie  artery — either  eAtemal  to  it  in  the  oWirjoe  variety,  or  internal  to  il  in 
the  dirert  form  of  hernia— and  tUni<  all  chance  of  wnoiullng  the  vessel  is  avoided*  If  the  incinion 
waM  rnaile  ontward,  the  urtery  might  be  divided  if  the  hernia  was  di reel ;  and  if  made  inward^  it  would 
aland  an  equal  chance  of  injury  if  the  caae  was  one  of  oblique  inguinul  hernia. 
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receives  at  the  saplieiiaus  opening  the  superficial  effigastric,  the  superidd 
circumflex    iliac,  and  the  superficial  external  pudic  veins. 

The  superficial  extei'nal  pudic  arhri/  (auperior)  arises  from  the  inner  sidtlf 
the  feraoral  artery,  and,  after  passing  through  the  saphenous  opening,  emtm 
inward  across  the  spermatic  cord,  to  be  distributed  to  the  integument  on  tk 
lower  part  of  the  abdomen,  the  penis  and  scrotum  in  the  male  and  the  labtumii 
the  female,  anastomosing  with  branches  of  the  internal  pitdic- 

The  superficial  epu^agtric  arterif  arises  from  the  femoral  about  half  an  iod 
below  Poupart's  ligament,  and,  passing  through  ihe  saphenous  opening  in  ii» 
fascia  lata,   ascends  on  to  the   abdomen,    in  the  superficial  fascia  covering  tk 
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Fig.  762.— Femoral  hemla.    Superflclol  dlBflectton. 


External  oblique  muscle,  nearly  as  high  as  the  umbilicus.  It  distributes  bnuiebes 
to  the  superficial  inguinal  lymphatic  glands,  the  superficial  fascia,  and  the  inceirii* 
ment,  anastomosing  with  branches  of  the  deep  epigastric  and  internal  inamtnarY 
arteries. 

The  superficial  circumfleT  iliac  artcrtf^  the  smallest  of  the  cutaneous  branches, 
arises  close  to  the  j (receding,  and.  piercing  the  fascia  lata,  runs  outward,  parallel 
with  Poupart's  ligament,  as  far  as  the  crest  of  tlie  ilium,  dividing  into  branches 
which  supply  the  superficial  inguinal  lymphatic  glands,  the  superficial  fascia,  and 
the  integument  of  the  groin,  anastomosing  with  the  deep  circumflex  iliac,  and  with 
the  gluteal  and  external  circumflex  arteries. 

The  Supcrficml  Veini^. — ^The  veins  accompanying  these  superficial  arteries  ar« 
usually  much  larger  than  the  arteries  :  they  terminate  in  the  internal  or  long 
saphenous  vein  at  the  saphenous  opening. 
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The  9\iperfieial  mguinal  lymphatie  glands^  placed  immediately  beneath  the 

integument,  are  of  large  size  and  vary  from  eight  to  ten  in  number.  They  are 
divisible  into  two  groups  :  an  upper,  disposed  irregularly  alung  Poupart's  ligament, 
which  receive  the  lymphatic  vessels  from  the  integument  of  the  scrotum,  penis, 
parietes  of  the  abdomen^  perineal  and  gluteal  regions,  and  fbe  mucous  membrane 
of  the  urethra;  and  an  inferior  group,  which  surround  the  saphenous  opening  in 
the  fascia  lata,  a  few  being  sometimes  continued  along  the  sajihenous  vein  to  a 
variable  extent.  This  latter  group  receive  the  superficial  lymphatic  vessels  from 
the  lower  extremity. 

The  iUo'inijuinal  nerve  arises  from  the  first  lumbar  nerve.  It  escapes  at  the 
external  abdominal  ring,  and  is  distributed  to  ihe  integument  of  the  upper  and 
inner  part  of  the  thigh — to  the  scrotum  in  the  male  and  to  the  labium  in  the 
female.  The  size  of  this  nerve  is  in  inverse  proportion  to  that  of  the  ilio-hypo- 
gastric.  Occasionally  it  is  very  small,  and  ends  by  joining  the  ilio-hypogastric ; 
in  such  cases  a  branch  of  the  ilio-hypogastric  tiikes  the  place  of  the  ilio-inguinal, 
or  the  latter  nerve  may  he  altrjgether  absent.  The  t^rural  hrttneh  of  the  geiiito- 
erural  nerve  passes  along  the  inner  margin  of  the  Psoas  muscle,  beneath  Poupart's 
ligament,  into  the  thigh,  entering  the  sheath  of  the  femoral  vessels,  and  lying 
superficial  and  a  little  external  to  the  femoral  artery.  It  pierces  ihe  anterior  layer 
of  the  sheath  of  the  vessels,  and,  becoming  superficial  by  passing  through  the  fttscia 
lata,  it  supplies  the  skin  of  the  anterior  aspect  of  the  thigh  as  far  as  midway 
between  the  pelvis  and  knee.  On  the  front  of  the  thigh  it  communicates  with 
the  outer  branch  of  the  middle  cutaneous  nerve,  derived  from  the  anterior  crural. 

The  deep  hii/er  of  the  superficiai  fascia  is  a  very  tliin  fibrous  layer,  best  marked 
on  the  inner  side  of  the  long  saphenous  vein  and  below  Poupart^s  ligament.  It  is 
placed  beneath  the  subcutaneous  vessels  and  nerves,  and  upon  the  surface  of  the 
fascia  lata,  to  which  it  is  intimately  adherent  at  the  lower  margin  of  Pou part's 
ligament.  It  covers  the  saphenous  opening  in  the  fascia  lata,  is  closely  united  to 
its  circumference,  and  is  connected  to  the  sheath  of  the  femoral  vessels  corre- 
sponding to  its  under  surface.  The  portion  of  fascia  covering  this  aperture  is 
perforated  by  the  internal  saphenous  vein  and  by  numerous  blood-  and  lymphatic 
vessels;  hence  it  has  been  termed  the  crihriform  fttseta,  tbc  openings  for  these 
vessels  having  been  likened  to  the  boles  in  a  sieve.  The  crihrifin-m  fascia  adheres 
closely  both  to  the  superficial  fascia  and  to  the  fascia  lata,  so  that  it  is  described 
by  some  anatomists  as  a  part  of  the  fascia  lata,  but  it  is  usually  considered  (as  in  this 
work)  as  belonging  to  the  superficial  fascia.  It  is  not  till  the  cribriform  fascia  has 
been  cleared  away  that  the  saphenous  opening  is  seen,  so  that  this  opening  does 
not  in  ordinary  cases  exist  naturally,  but  is  the  result  of  dissection.  A  femoral 
hernia  in  passing  through  the  sajihenous  opi-ning  receives  the  cribriform  fascia  as 
one  of  its  coverings. 

The  deep  layer  of  superficial  fascia,  together  with  the  cribriform  fascia,  having 
been  removed,  the  fascia  lata  is  exposed. 

The  Fascia  Lata  has  been  already  described  with  the  muscles  of  tlie  front  of 
the  thigh  (page  50t>).  At  the  upper  an<l  inner  part  of  the  thigh,  a  little  below 
Poupart's  ligament,  a  large  oval-shaped  aperture  is  observed  after  the  superficial 
fascia  bas  been  cleared  away  ;  it  transmits  the  interna!  saphenous  vein  and  other 
smaller  vessels,  and  is  called  the  saphennun  opening.  In  order  the  more  correctly 
to  consider  the  mode  of  formation  of  this  aperture,  the  fascia  lata  in  this  part  of  the 
thigh  is  described  as  consisting  of  two  portions,  an  iliac  portion  and  a  pubic  portion. 

The  iUa<'  pirrtion  is  all  that  part  of  the  fascia  lata  on  the  outer  side  of  the 
saphenous  opening.  It  is  attached  externally  to  the  crest  of  the  ilium  and  its 
anterior  superior  spine  ;  to  the  whole  lengtb  of  Poupart's  ligament  as  far  internally 
as  the  spine  of  the  os  pubis ;  and  to  the  pectineal  line  in  conjunction  with  Gimbernat's 
ligament.  From  the  spine  of  the  os  pubis  it  is  refiectcd  downward  and  outward, 
forming  an  arched  margin^  the  outer  boundary  or  falcitorm  ]»rocess  or  superior 
cornu  of  the  saphenous  oj)ening.  This  margin  overlies  and  is  adherent  to  the 
anterior  layer  of  the  sheath  of  the  femoral  vessels;  to  its  edge  is  attached  the 
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cribriform  fascia,  and  below  it  ig  continuous  with  the  pubic   portion  of  the  Im 
latsi. 

The  ptihk'portkffi  <*f  ih-  fdaria  lattt  isaituatLHl  at  the  inner  side  of  the  gtspkoi 
opening:  at  the  lower  margin  of  this  aperture  it  is  continuous  with  the  ik 
portion  :  traced  upward,  it  covers  the  surface  of  the  Pectineus,  Adducfor  lonpik 
and  Gracilis  muscles;  and,  pa.sf*ing  behind  the  sheath  of  the  femoml  vesMkti 
which  it  is  cloBely  united,  is  continuous  with  the  sheath  of  the  Psoas  and  lliin? 
muscles,  and  is  attached  above  to  the  ilio-pectiueal  line,  where  it  l*ecj«i^ 
c<uitiniiotis  with  the  fascia  covering  the  Iliiicus  muscie.  From  this  descripti«»c  i'. 
may  be  observed  that  tlie  ilioc  portion  of  the  fascia  lata  parses  in  front  fd  tU 
femoral  vessels  and  the  pubic  portion  behind  them,  so  that  an   apparent  iM^rrtm 
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Fig.  703.— Femoral  hcmla,  ihowing  fluclA  lata  and  sApbenoiu  opening. 

consequently  exists  between  the  two,  through  which  the  internal  saphenotid  join* 
the  femoral  vein. 

The  Saphenous  Opemiig  is  an  ovabshaped  aperture  measuring  about  an  incb 
and  a  half  in  length  and  half  an  inch  in  width.  It  is  situated  at  the  upper  au»<i 
inner  part  of  the  front  of  the  thigh,  below  Poupart's  ligament,  and  is  directed 
obliquely  downward  and  outward. 

Its  *niier  r/mnfiti  is  of  a  semilunar  form,  thin,  strong,  sharply  defined,  and  lie* 
on  a  plane  considerably  anterior  to  the  inner  margin.  If  this  ed^e  is  trtctd 
upward,  it  will  be  seen  to  form  u  curved  elongated  process,  the  falcrfonn  pre^vm 
or  »uperior  corn  a,  which  ascends  in  front  of  the  femoral  vessels,  and«  carrtM 
inward,  is  attached  to  Poupart^s  ligament  and  to  the  s]>ine  of  the  os  pubis  io3 
jiectineal  line,  where  it  is  continuons  with  the  pubic  portion.  If  traced  down- 
ward, it  is  found  continuous  wirb  ancither  curved  margin,  the  concavity  of  nhick 
is    directed   ypward  and   inward;    this  is   the    inferior  corau   of  the    Baphenoai 
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opening,  and  ia  blended  witli  the  pubic  portion  of  tbe  fascia  lata  covering  the 
Pectineiis  muscle. 

The  inner  hninthirif  of  the  opening  is  on  a  plune  posterior  to  the  outer  margin 
and  behind  the  level  f^f  the  femora!  vessels  ;  it  is  much  less  prominent  and  defined 
than  the  outer,  from  being  stretched  over  the  subjacent  Pectineus  muscle.  It  is 
through  the  saphenous  opening  that  a  femoral  hernia  passes  after  descending  along 
the  crural  canaK 

If  the  finger  is  introduced  into  the  saphenous  opening  while  the  limb  is  moved 
in  different  directions,  the  aperture  will  be  found  to  be  greatly  constricted  on 
extending  the  limb  or  rotating  it  outward,  and  to  be  relaxed  on  flexing  the  limb 


Fig.  764.— Femoml  liertifa.    IUac  poTtion  of  fascia  lata  removed,  and  ^lieaCti  of  Immoral  vessel*  and  femorttl 

ami  inverting  it :  hence  the  necessity  for  placing  the  limb  in  the  latter  position  in 
employing  the  taxis  for  the  reduction  of  a  femoral  hernia. 

The  iliiw!  portion  of  the  fascia  lala.  hut  not  its  falfifomi  process,  should  now  l>c  rcuioved  by 
detaching  it  fnmi  thf  lr»wer  margin  «>f  Poiipart  8  licameut,  farefiilly  iiisM»*^tin|!  it  from  the  sub- 
jacent strociures,  jind  tuniiiitr  it  inward,  when  I  he  sheath  of  the  temorai  vestiels  is  exposed* 
descending  beneath  Poupart's  ligament  (Fig.  764). 

Poupart*s  Ligament,  or  the  Crural  AjcIi,  i.s  the  b^wer  border  of  the  aponeurosis 
of  the  External  obiiijne  muscle,  which  exteiols  from  the  auteri^o*  superior  spine  of 
the  ilium  to  the  s[une  of  the  os  pubits.  From  this  latter  point  it  is  reflected  outward, 
to  be  attached  to  the  pectineal  line  for  abont  half  an  inch,  forming  Gimbernat's 
ligament.  Its  general  direction  is  curved  downward  toward  the  tbigh,  where  it 
is  continnous  with  the  fascist  lata.  Its  outer  half  is  rounded  and  oblifjiie  in 
direction.  Its  inner  half  grailually  widens  at  its  attachment  to  the  os  pubis,  is 
more  horizontal  in  direction,  and  lies  beneath  the  spermatic  cord*     Nearly  the 
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wlicile  of  the  sjuice  iiiolii<ied  botwe(.*ii  the  crural  arch  and  iDDuminate  bone  isfilld 
ill  bv  the  parts  which  descend  from  the  ahdomen  into  the  thigh*  The  onter  bif 
of  the  space  is  occupied  by  the  Iliacu8  and  Psoas  muscles,  together  witi  tk 
external  cutaneous  and  anterior  crm al  nerves.  The  pubic  half  of  the  space  ii 
occupied  by  the  femoral  vessels  included  in  their  sheath,  a  sruall  aval^llftpeii 
interval  existing  between  the  femoral  voiti  and  the  inner  wall  of  the  AhetdL 
which  is  occupied  merely  by  a  little  loose  areolar  tissue,  a  few   lymphatic  vefisek 
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Fig.  706.— Structures  which  pass  beneath  the  orural  arch. 

and  occasionally  by  a  small  lymphatic  gland :  this  is  the  crural   ring,  throagh 
whicli   the  gut  descends  in  femoral  hernia. 

Gimbemat's  Ligament  (Fig.  7*36)  is  that  part  of  the  aponeurosis  of  the  External 
oblique  muscle  which  is  reflected  downward  and  outward  from  the  spine  of  the 
OS  pubis,  to  be  inserted  into  the  pectineal  line.  It  is  about  half  an  inch  iu  leoglk. 
larger  in  the  male  than  in  the  female,  ahnost  horizontal  in  direction  in  the  erect 
posture,  and  of  a  triangidar  form,  with  the  base  directed  outward*  It^  btiMt^  or 
outer  margin^  is  concave,  thin,  andsharpj  and  lies  in  contact  with  the  crural  sheath. 
Its  apex  corresponds  to  the  spine  of  the  os  pubis,  lis  poi<ferior  ^nanjin  is  attached 
to  the  pectineal  line,  and  is  continuous  with  the  pubic  portion  of  the  fascia  lata. 
Its  antmor  mart/in  is  continuous  with  Poupart's  ligament. 

Crural  Sheath. — The  fem(»ral  or  crural  sheath  is  a  continuation  downward  of 
the  fasciie  that  line  the  abdomen,  the  transversal  is  fascia  passing  down  in  front  of 
the  femoral  vessels^  and  the  iliac  fascia  tlescending  behind  them  ;  these  fasctie 
are  directly  continuous  on  the  iliac  side  of  tlie  femoral  artery,  but  a  small  spoot^ 
exists  between  the  femoral  vein  and  the  point  where  they  are  continuous  on  tlie 
pubic  side  of  that   vessel,  which   constitutes  the  femoral   or  crural  canal.      The 
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femoral  sheath  is  closely  adherent  to  the  contairied  vessels  about  an  inch  below 
the  saphenous  opening,  being  blended  with  the  areolar  sheath  of  the  vessels, 
but  opposite  Fou partes  ligament  it  is  tuuch  larger  than  is  required  to  contain  them  ; 
hence  the  funnel-shaped  f«#rni  which  it  presents.  The  outer  border  of  the  sheath 
19  perforated  by  the  genito-erural  nerve.  Its  inner  border  is  pierced  by  the  internal 
saphenous  vein  and  numerous  lymphatic  vessels.  In  front  it  is  covered  by  the 
iliac  portion  of  the  fascia  lata;  and  behind  it  is  the  pubic  portion  of  the  same 
fascia. 

If  the  anterior  wall  of  the  sheath  is  removed,  the  femoral  artery  and  vein  are 
seen  lying  side  by  side,  a  thin  septum  separating  the  two  vessels,  while  another 
septum  may  be  seen  lying  just  internal  lo  the  vein,  and  cutting  off  a  small  space 
between  the  vein  and  the  inner  wall  of  the  sheath.  The  septa  are  stretched  between 
the  anterior  and  posterior  walls  of  the  sheath,  so  that  each  vessel  is  enclosed  in 
a  separate  compartment.  The  interval  left  between  the  vein  and  the  inner 
wall  of  the  sheath  is  not  filled  up  bv  anv   structure,  excepting  a   little  loose 
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Fio.  7fl6.— HemliL.    The  pelfttton*  of  the  femoral  &n<l  Internal  atidomlQtit 
men.    Right  side. 


within  tho  abdo- 


gland:  this  is  the  femoral  or  crural  canal,  through  which  the  intestine  descends  in 
femoral  hernia, 

Be^p  Onural  Arch. — Passing  across  the  front  of  the  crural  sheath  on  the 
abdominal  side  of  Pou part's  ligament,  and  closely  connected  with  it,  is  a  thickened 
band  of  fibres  called  the  deep  crural  areh.  It  is  apparently  a  thickening  of  tbe 
fascia  transversalis,  joining  externally  to  the  centre  of  I^oupart's  ligament,  and 
arching  across  the  front  of  the  crural  sheath,  to  be  inserted  by  a  broad  attachment 
into  the  pectineal  line  behind  the  conji^ined  tendon.  In  some  subjects  this 
structure  is  not  very  prominently  marked,  and  nttt  unfre<|uently  it  is  altogether 
wanting. 

The  crural  canal  is  the  narrow  interval  between  the  femoral  vein  and  ihe  inner 
wall  of  the  crural  sheath.  It  exists  as  a  distinct  canal  only  when  the  sheath  has 
been  separated  from  the  vein  by  dissection  or  by  the  pressure  of  a  hernia  or  tumor. 
Its  length  is  from  a  quarter  to  half  an  inch,  and  it  extends  from  Uimbernat^s  liga- 
ment to  the  upper  part  of  the  saphenous  openir*g. 

Its  anterior  wall  is  very  narrow,  and  formed  by  a  continuation  downward  of 
the  fascia  transversalis,  under  Poupart's  ligamentj  covered  by  the  falciform  pro- 
cess of  the  fascia  lata. 
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Its  posterior  wall  is  formed  b 


covering  the  pubic  portio 


ormea  oj 
ion  of  til 


a  continiiatioD  downward  of  the  iliac  fat^di 
e  fascia   lata. 

hs  outer  umU  is  formed  by  tlie  fibrous  septum  separating  it  from  the  iimtf 
sidt5  of  the  femoral   vein. 

Its  inner  wall  is  formed  by  the  junction  of  the  processes  of  the  transveraali* 
and  iliac  fascia*,  which  form  the  inner  side  of  the  femoral  sheath,  and  lie^  in 
contact  at  its  commeocement  with  the  outer  edge^  of  Gimbernat*s   HgameQt. 

Tbis  canal  has  two  orifices — an  upper  one,  the  femoral  or  crural  ring^  cl<jftt4 
by  the  septum  crurale ;  and  a  h*wer  one,  the  saphenom  opettitiff^  closed  by  ihr 
crihriform  fascia. 

The  femoral  or  cmral  ring  (Fig.  766)  is  the  upper  o]>ening  of  the  femoral  canii 
and  leads  into  the  cavity  of  the  abdomen.  It  is  hounded  in  front  by  Poupart's 
ligament  and  the  deep  erural  arch  ;  behind,  by  the  os  pubis,  covered  by  the  Pectilieiu 
muscle  and  the  pubic  poi-tion  of  the  fascia  lata;  internally,  by  the  base  of 
Gimbernat's  ligament,  the  conjoined  tendon,  the  trans versalis  fascia,  and  tlif 
deep  crural  arch  ;  externally,  by  the  fibrous  septum  lying  on  die  inner  side  of  tht 
femoral  vein.  The  femoral  ring  is  of  an  oval  form;  its  long  diameter,  directed 
transversely,  measures  about  half  an  inch,  and  it  is  larger  in  the  female  than  in 
the  male,  which  is  one  of  the  reasons  of  the  greater  frequency  of  femoral  hemii 
in  the  former  sex. 

Poaitiofi  of  Parts  aroHud  the  Ritit/.^Thv  sijermatic  cord  in  the  male  and  rooud 
ligament  in  the  female  lie  immediately  above  the  anterior  margin  of  the  femotil 
ring,  and  may  be  divided  in  an  operation  for  femoral  hernia  if  the  incision  for  the 
relief  of  the  stricture  is  not  of  limited  extent.  In  the  female  this  is  of  little 
importance,  but  in  the  male  the  sperm aiic  artery  and  vas  deferens  may  W 
divided. 

The  femoral  vein  lies  on  the  outer  side  of  the  ring. 

The  deep  epigantrie  tirtert/  in  its  passage  upward  and  inward  from  the  extemil 
iliac  artery  j>asses  across  the  upper  and  outer  angle  of  the  crural  ring,  and  is 
consequently  in  danger  of  being  w^onnded  if  the  stricture  is  divided  in  a  directioa 
upward  and  outward. 

The  cnmrnHuieating  branch  between  the  deep  epigastric  and  obturator  lies  m 
front  of  the  riiFg. 

The  circmufei'enee  of  the  ring  is  tbus  seen  to  be  bounded  by  vessels  in  every 
part,  excepting  internally  and  behind.  It  is  in  the  former  position  that  die 
stricture  is  divided  in  cases  of  strangulated  femoral  hernia. 

The  obturator  arte r I/,  when  it  arises  by  a  common  trunk  with  the  deep  epigaslriCt 
which  occurs  once  in  every  three  subjects  and  a  half,  hears  a  very  important 
relation  to  the  crural  ring.  In  some  cases  it  descends  on  the  inner  side  of  the 
externsil  iliac  vein  to  the  obturator  foramen,  and  will  ennse(|iiently  lie  on  the  outer 
.si<le  of  the  crural  ring,  where  there  is  no  danger  of  its  being  wounded  in  the 
operation  for  dividing  the  stricture  in  femoral  hernia  (see  Fig.  373,  page  623, 
fig.  a),  Occasirmally,  however,  the  obturator  artery  curves  along  the  free  margin 
of  Gimbernat's  ligament  in  its  passage  to  the  obturator  foramen  :  it  would  conse- 
((uently  skirt  along  the  greater  part  of  the  circumference  of  the  crural  ring,  and 
ctmld  hardly  avoid  being  wounded  in  the  operation  (see  Fig.  873,  page  G2H,  fig,  b|. 

Septum  Crurale. — The  femoral  ring  is  closed  by  a  layer  of  condensed  areolar 
tii:*sue  called,  by  J.  Cloijuet,  the  septum  erurale.  Thia  serves  as  a  barrier  to  the 
protrusion  of  a  hernia  through  this  part.  Its  upper  surface  is  slightly  concave 
( fovea  femoralis),  and  supports  a  small  lymphatic  gland  by  which  it  is  separatiMl 
from  the  subserous  areohir  tissue  and  peritoneum.  Its  nnder  surface  is  turned 
toward  the  femoral  canal.  The  septum  crurale  is  perforated  by  numerous  aper- 
tures for  the  passage  of  lymphatic  vessels  connecting  the  deep  inguinal  lympbnf*** 
glands  with  those  surrounding  the  external  iliac  artery. 

The  size  of  tbe  femoral  canal,  the  degree  of  tension  of  its  orifices^  and  con- 
sequently the  degree  of  constriction  of  a  hernia,  vary  according  to  the  posJtioik 
of  the  limb.     If  the  leg  and  thigh  are  extended,  abducted,  or  everted,  the  femoral 


canal  and  its  orifices  are  rendered  tense  from  the  traction  uti  these  parta  by 
pQupart's  ligament  and  the  fascia  lata,  as  may  be  ayeertained  by  }»assing  the  finger 
along  the  can  ah  It  on  the  contrary,  the  thigh  is  flexed  uj>on  the  pelvis,  and  at 
the  same  time  addiicted  and  rotated  inward,  the  femoral  eanal  and  its  orifices 
become  considerably  relaxed;  for  this  reason  the  limb  shoidd  always  be  placed  in 
the  latter  position  when  the  application  of  the  taxis  is  made  in  attempting  the 
reduction  of  a  femoral  hernia. 

The  sulfperifotfeal  aretfhr  timue  is  continuous  with  the  subserous  areolar  tissue 
of  surrounding  jiarts.  It  is  nyually  thickest  and  most  fibrous  where  the  iliac 
vessels  leave  the  abdominal  cavity.  It  covers  over  the  small  interval  (crural  ring) 
on  the  inner  side  of  the  femoral  vein.  In  some  snbjects  it  contains  a  considerable 
amount  of  adipose  tissue.  In  such  cases,  where  it  is  protruded  forward  in  front 
of  the  sac  of  a  femoral  hernia,  it  may  be  mistaken  for  a  portion  of  omentum.  The 
peritoneum  lining  the  portion  of  the  abdominul  wall  between  Poupart's  ligament 
and  the  brim  of  the  pelvis  is  similar  to  that  lining  any  other  portion  of  the 
abdominal  walh  being  very  thin.  It  has  here  no  natural  aperture  for  the  escape 
of  intestine. 

Descent  of  the  Hernia. — From  the  preceding  description  it  follows  that  the 
femoral  ring  must  be  a  weak  point  in  the  abdominal  wall :  hence  it  is  that  when 
violent  or  long-continued  pressure  is  made  upon  the  abdominal  viscera  a  portion 
of  intestine  may  be  fiu'ced  into  it,  constittiting  a  femoral  hernia;  and  the  changes 
in  the  tissues  of  the  abdomen  which  are  producol  by  pregnancy,  together  with  the 
larger  size  of  this  aperture  in  the  female,  serve  to  explain  the  frequency  of  this 
form  of  hernia  in  women. 

When  a  portion  of  the  intestine  is  forced  through  the  femoral  ring,  it  carries 
before  it  a  pouch  of  ]>eritoneum,  which  forms  what  is  called  the  hernial  me  ;  it 
receives  an  investment  from  the  subserous  areolar  tissue  and  from  the  septum 
crurale.  and  descends  vertically  abmg  the  crural  canal  in  the  inner  compartment  of 
the  sheath  of  the  femora!  vessels  as  far  as  the  sajdjcnuus  opening  ;  at  this  point  it 
changes  its  coui-se,  being  prevented  from  extending  farther  down  the  sheath  on 
accoutit  of  the  narrowing  of  the  sheath  and  its  close  contact  with  the  vessels,  and 
also  from  the  close  attaehment  of  the  superficial  fascia  and  crura!  sheath  to  the 
lower  part  of  the  circumference  of  the  saphenous  opening  :  the  tum<u-  is  conse- 
quently directed  forward,  pushing  before  it  the  cribriform  fascia,  and  then  curves 
upward  on  to  the  fid ei form  process  of  the  fascia  lata  and  b»wer  part  of  the  tendon 
of  the  External  oblique,  being  covered  by  the  superficial  fascia  and  integument. 
While  the  hernia  is  contained  in  the  femoral  canal  it  is  usually  of  small  size, 
owing  to  tbe  resisting  nature  of  the  surrounding  parts;  hut  when  it  has  escaped 
from  the  saphenous  rjpening  into  the  loose  areolar  tissue  of  tbe  groin,  it  becomes 
considerably  enlarged.  The  direction  taken  by  a  femoral  hernia  in  its  descent  is 
at  first  downward,  then  forward  and  upward  ;  this  should  be  borne  in  mind,  as 
in  the  application  of  the  taxis  for  the  reduction  of  a  femoral  hernia  pressure  should 
lie  directed  in  the  reverse  tirder. 

Coverings  of  the  Hernia. ^ — The  coverings  of  a  femoral  hernia,  from  within 
outward,  are— j)eritoneum,  subserous  areolar  tissue,  the  septum  crurale,  crural 
sheatlu  cribriform  fascia,  superficial  fascia,  ami  integument.* 

Varieties  of  Femoral  Hernia. — If  the  intesrine  descends  along  the  femoral  canal 
nnly  as  far  as  the  saphenous  opening,  and  dr»es  not  escape  from  this  aperture,  it  is 
called  ineomphte.  feritural  hernia.  The  small  size  of  the  protrusion  in  this  form 
of  hernia,  on  account  of  the  firm  and  resisting  nature  of  the  canal  in  which  it  is 
contained,  renders  it  an  exceedingly  fkngerons  variety  of  the  disease,  from   the 

*  Sir  A»tley  Coof>er  has  dt'^^ribed  an  investment  for  fenioml  hernia,  under  tlie  niinie  of  **fuaciii 
pmpriii/*  lying  imnietiiaitely  external  to  the  ptritontiiJ  i«ic,  tmt  frequently  set^arated  frt>m  it  by  more 
or  less  adiposo  tiH.KUi\  SnrM:k"tHy,  il  is  ini[iortiint  !*>  n^iiRuidter  the  exititeiice  \\xi  any  ratt\  the  occa- 
iii<mal  existeiK^)  of  tliis  laycT»  on  account  of  the  ease  with  which  uniuexperienuetl  o|^)enit(>r  may  mis- 
lake  the  fflscift  for  the  pcrilonejil  sai;  and  thi?  t'ontainetl  fat  for  fmifntmn.  Anatoniii'alK%  this  fnscia 
a[v|»ear8  idefitittil  with  what  is  called  in  the  text  '*»ul»Heroiii^  artnjlar  lisisue/'  the  areolar  listoue  being 
thickened  and  t-auiied  to  uaaume  a  membranous  appearance  by  ilie  pressure  of  the  heniia. 
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eztrraie  difficulty  of  detecting  the  existence  of  the  swelling,  especially  in'eorpte 
subjects.  The  corerings  of  an  inckmiplete  femoral  hernia  woud  be,  fipom  withia 
inward,  integument,  superficial  frsda,  fidciform  process  of  fiasoia  lata,  cnni 
sheath,  septum  cmrale,  subserous  areolar  tissue,  and  peritoneum.  When,  hcweia; 
the  hernial  tumor  protrudes  through  the  saphenous  opoung  and  direets  ildf 
Ibrward  and  upward,  it  forms  a  ecmplete  femoral  hernia.  Occasionally  the  hmM 
sac  descends  on  the  iliac  ride  of  the  femoral  vessels  or  in  fintmt  of  these  ¥esseli»e 
even  sometimes  behind .  thenu 

The  eeat  of  ^rieiure  of  a  femoral  hernia  varies :  it  may  be  in  the  peritoaaa 
at  the  neck  of  the  hemidi  sac ;  in  the  greater  number  of  caaes  it  would  ai^pevH 
be  1^  the  point  of  junction  of  the  fidciform  process  of  the  fiMoia  lata  wiik  Ai 
lunated  easfi  of  Qimberliat's  ligament,  or  at  the  marsdn  of  the  aaphenoiai  opiaiH 
in  the  thign.    The  stricture  should  in  every  case  be  cuvided  in  a  direction  npm 


and  inward,  and  the  extent  necessary  in  the  mi^ori^  of  caaes  is  about  twee 
three  lines.  By  these  means  all  Tcssels  or  other  ^rncturea  of  importaaes  ii 
rslation  with  the  neck  of  the  hernial  sac  will  be  avoided. 


SURGICAL  ANATOMY  OF  THE  ISCHIO-RECTAL 
REGION  AND  PERINJIUM. 


Dissection.— The  student  should  select  a  well-develooed  muscular  subject,  free  irom  fat, 
and  the  dissection  should  be  commenced  early,  in  order  tnat  the  parts  may  be  examined  in  as 
recent  a  state  as  possible.  A  stoff  having  been  introduced  into  the  bladder  and  the  subject 
placed  in  the  position  shown  in  Fig.  767,  the  scrotum  should  be  raised  upward,  and  retained  in 
that  position,  and  the  rectum  moderately  distended  with  tow. 

The  space  which  is  now  to  be  examined  corresponds  to  the  inferior  aperture 
or  outlet  of  the  pelvis.  Its  deep  boundaries  are,  in  front,  the  pubic  arch 
and  subpubic  ligament;  behind,  the  tip  of  the  coccyx;  and  on  each  side,  the 
rami  of  the  pubes  and  ischium,  the  tuberosities  of  the  ischium,  and  great  sacro- 
sciatic  ligaments.  The  space  included  by  these  boundaries  is  somewhat  lozenge- 
shaped,  and  is  limited  on  the  surface  of  the  body  by  the  scrotum  in  front,  by 
the  buttocks  behind,  and  on  each  side  by  the  inner  side  of  the  thighs.  A  line 
drawn  transversely  between  the  anterior  part  of  the  tuberosity  of  the  ischium  on 
each  side,  in  front  of  the  anus,  divides  this  space  into  tw^o  portions.  The 
anterior  portion  contains  the  penis  and  urethra,  and  is  called  the  perinceum.  The 
posterior  portion  contains  the  termination  of  the  rectum,  and  is  called  the  ischio- 
rectal region, 

THE  ISOmO-BEOTAL  REGION. 

The  ischio-rectal  region  corresponds  to  the  portion  of  the  outlet  of  the 
pelvis  situated  immediately  behind  the  perinaeum:  it  contains  the  termination 
of  the  rectum  and  a  deep  fossa,  filled  with  fat,  on  each  side  of  the  intestine, 
between  it  and  the  tuberosity  of  the  ischium  :  this  is  called  the  ischio-rectal 
fossa. 

The  ischio-rectal  region  presents  in  the  middle  line  the  aperture  of  the  anus : 
around  this  orifice  the  integument  is  thrown  into  numerous  folds,  which  are 
obliterated  on  distension  of  the  intestine.  The  integument  is  of  a  dark  color, 
continuous  with  the  mucous  membrane  of  the  rectum,  and  provided  with  numerous 
follicles,  which  occasionally  inflame  and  suppurate,  and  may  be  mistaken  for 
fistulae.  The  veins  around  the  margin  of  the  anus  are  occasionally  much  dilated, 
forming  a  number  of  hard  pendent  masses,  of  a  dark  bluish  color,  covered  partly 
by  mucous  membrane  and  partly  by  the  integument.  These  tumors  constitute  the 
disease  called  external  piles. 

Dissection  (Fig.  767). — Make  an  incision  through  the  integument,  along  the  median 
line,  from  the  base  of  the  scrotum  to  the  anterior  extremity  of  the  anus :  carry  it  round  the 
margins  of  this  aperture  to  its  posterior  extremity,  and  continue  it  backward  to  about  an  inch 
behind  the  tip  of  the  coccyx.  A  transverse  incision  should  now  be  carried  across  the  base  of 
the  scrotum,  joining  the  anterior  extremity  of  the  preceding ;  a  second,  carried  in  the  same 
direction,  should  be  made  in  front  of  the  anus ;  and  a  third  at  the  posterior  extremity  of  the 
first  incision.  These  incisions  should  be  sufficiently  extensive  to  enable  the  dissector  to  raise  the 
integument  from  the  inner  side  of  the  thighs.  The  flaps  of  skin  corresponding  to  the  ischio- 
rectal region  should  now  be  removed.  In  dissecting  the  mtegument  from  this  region  great  care 
is  required,  otherwise  the  Comi^ator  cutis  ani  and  External  sphincter  will  be  removed,  as  they 
are  intimately  adherent  to  the  skin. 

The  superficial  fascia  is  exposed  on  the  removal  of  the  skin :  it  is  very  thick, 
areolar  in  texture,  and  contains  much  fat  in  its  meshes.  In  it  are  found  ramifying 
two  or  three  cutaneous  branches  of  the  small  sciatic  nerve ;  these  turn  round  the 
inferior  border  of  the  Gluteus  maximus  and  are  distributed  to  the  integument 
around  the  anus. 
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In  this  region,  and  connected  with  the  lower  end  of  the  rectum,  are  four  mQiK:lf»: 

the  Corruf^ator  cutis  ani ;  the  two  Sphincters,  External  and   Internal ;   and  ck 
Levator  ani. 

These  niuseles  have  been  iil ready  described  (,see  paf2;es  458  and  459). 

The  iscMo-rectal  fossa  i.K  ^itujited  between  the  end  of  the  rectum  and  tik 
tuberosity  of  the  ischium  on  each  side.  It  is  triangular  in  shape  ;  its  bas€^  directif<l 
to  the  surface  of  the  hody,  is  formed  by  the  integument  of  the  ischio- rectal  regi<>n: 
its  api'x\  directed  upward,  corresponds  to  the  point  of  divisioD  of  the  obtarai*^? 
fascia  and  the  thin  membrane  given  off  from  it»  which  covers  the  outer  surface  uf 
the  Levator  ani  (isehio-rectal  or  anal  fa.scia).  Its  dimensions  are  about  an  inri 
in  breadth  at  the  base  and  about  two  inches  in  de]>th.  being  deeper  behind  ih«t 
in  front.  It  is  bounded,  mteniaJhf^  by  the  Sphincter  ani.  Levator  ani,  and  CV 
cygeus  muscles;  ext^'maUf/j  hj  the  tuberosity  of  the  ischium  and  the  obturator 
fascia,  which  covers  tlie  inner  sui'face  of  the  Obturator  interims  muscle;  infr&nl 
it  is  limited  by  the  line  af  junction  of  the  superficial  and  deep  perineal  fasciae; 
and  behtmL  by  the  margin  nf  the  Gluteus  niaximus  and  the  great  sacro-sciatichgi* 
ment.  This  space  is  filled  with  a  large  mass  of  adipose  tissue,  which  explains  Hu 
freijuency  with  which  abscesses  in  the  neighborhood  of  the  rectum  burrow  to  t 
considerable  depth. 

If  the  subject  has  been  injected,  on  pbicing  the  finger  <»ij  the  outer  wall  of  tKi§ 
fossa  the  interujil  pudic  artery,  with  its  accomj^anying  veinsjf  and  nerve,  will  he 
felt  about  an  inch  and  a  half  above  the  margin  of  the  iscliiatic  tuberoaitv.  but 
approaching  nearer  the  surface  as  they  pass  forward  a  lung  the  inner  margin  of  the 
pubic  arch.  These  structures  are  enclosed  in  a  sheath  (canal  of  Alcock)  formed 
by  the  obturator  fascia,  the  pudic  nerve  lying  below  the  artery  (Fig,  374).  Croi^ 
ing  the  space  transversely,  about  its  centj'e  are  the  inferior  haemorrhoidal  vessek 
and  nerves,  branches  of  the  internal  pudic  ;  they  are  distributed  to  tbe  inie«^«K 
ment  of  the  anus  and  to  the  muscles  of  tbe  lower  end  of  the  rectum.  These 
vessels  are  oceasirmally  of  large  size,  and  may  give  rise  to  troublesome  haemorrhage 
when  divided  in  the  operation  of  lithotomy  or  of  fistula  in  ano.  At  the  back  p»rt 
of  this  space  may  be  seen  a  branch  of  the  fourth  sacral  nerve,  and^  at  the  fore 
part  of  the  space  the  superficial  perineal  vessels  and  nerves  can  be  seen  for  a  shon 
distance, 

TKB  FERIH^UM  m  THE  MALE. 

The  perineal  space  is  of  a  triangular  form  ;  its  deep  boundaries  are  limited, 
laterally,  by  the  rami  of  the  puluc  bones  and  isehia,  oieeting  in  front  at  the 
pubic  arch;  behind,  by  an  imaginary  transverse  line  extending  between  At 
tuberosities  of  the  ischia.  The  lateral  boundaries  are,  in  the  adult,  from  three 
inches  to  three  inches  and  a  half  in  length,  and  the  base  from  two  Uy  three  inched 
and  a  half  in  breadth^  the  average  extent  of  the  space  being  two  inches  ami  thrtT- 
(piarters. 

The  variations  iu  tbe  diametcT  of  this  space  are  of  extreme  interest  in  connection  with  i 
operatkui  of  iitlioloiay  and  the  extraetiuu  ot  a  stoiif  Iroui  the  e;nity  of  tbe  bladder  In  th 
cases  where  the  tulH^rusities  of  the  iseliia  are  near  tiii^eiher  it  wrmhl  he  necessary  to  ujakcl 
incisions  m  \he  latt^nd  optjration  of  liihytouiy  less  oblique  than  if  the  tuben>sities  weiv  wiJ 
Bepanitod,  and  the  jicrinetil  Bpaee  consequently  wider.  Tht^  i>eri]ia?um  is  subdivide*!  by 
njethan  raphu  into  twi>  equal  parts.  Of  these,  the  left  is  the  one  in  which  the  o|^»eriitioD  of 
lithotuuiy  is  perf«rnne<L 

In  the  middle  line  the  perinseum  is  convex,  and  corresponds  to  the  bulh  of  ihe 
urelhi*a.  The  skin  covering  it  is  of  a  dark  colon  thin,  freely  movable  ui>on 
subjacent  parts,  and  covered  with  sharp  crisp  hairs,  which  should  he  remof 
before  the  dissection  of  the  part  is  commenced.  In  front  of  the  anus  a  prominent 
line  coujuiences.  the  rftplte,  continuous  in  front  witli  the  raphe  of  the  scrotum. 

Upon  removing  the  skin  and  superficial  structures  from  this  region,  in  the 
manner  shown  in  Fig.  767,  a  phtne  uf  fascia  will  be  exposed,  covering  in  tic 
triangular  space  and  stretching  across  from  one  ischio-pubic  ramus  to  the  otlier* 
This  is  the  deep  lat/er  of  the  superjicial  fagcia  (u-  fasvia  ttf  CctHes.      It  has  alresdr 
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been  described  (page  460).  It  is  a  layer  of  considerable  strength,  and  encloses  and 
covers  a  spuce  in  which  tire  contained  ninseles,  vessel.^,  and  nerves.  It  is  cnntinuons 
in  front  with  the  dartos  uf  the  iserotum  ;  on  each  side  it  is  firmly  attached  to  the 
margin  of  the  ischio-pubic  ramus  and  to  the  tuberosity  of  the  ischium ;  and 
posteriorly  it  curves  down  behind  the  Tranaversus  periniei  muscles  to  join  the 
lower  margin  of  the  deep  perineal  fascia. 

It  is  between  this  liiyer  of  fiisria  an<l  the  nuxt  layer,  the  saj>eriiciai  kyerof  the  deep  fieri ueal 
fascia,  that  estnivasatioii  of  urine  niu&t  fre(|Uently  take^  place  in  cases  of  rvipturt^  of  tlie  urethni. 
Tfie  SLiperiieial  layer  of  the  deep  perineal  t:iseia  (see  pa<re  463)  is  also  attaehed  to  the  isehio- pubic 
rami,  and  in  fnmt  to  the  sul limbic  ligament.  It  is  ek-ar.  therefore,  that  when  extnivasation  of 
fluid  takes  phiee  between  iliet^e  two  layers,  it  enniiol  pass  backwarrl,  Ijceause  the  two  layers  are 
eoatiauoas  with  each  other  around  the  Transverrius  f>erin£ei  niuscles:  it  eannot  extend  latemlly, 
on  account  of  the  eoanection  of  both  these  layers  to  the  rami  of  the  os  pubis  and  ischium ;  it 
cannot  find  itn  way  into  the  pelvis,  because  the  openiag  itito  this  cavity  is  eloseti  bv  the  deep 
periaeal  fascia :  and  therefore,  so  loa^  as  these  two  layers  remain  intact,  the  only  direetion  in 
which  the  fluid  can  make  its  way  is  forward  into  the  areolar  tissue  of  I  he  scrotum  and  penis, 
and  from  thence  on  to  the  uuterior  waU  of  the  abdomen. 

When  the  deep  layer  of  the  super fieial  fascia  is  removed,  a  space  is  exposed 
between  this  fascia  and  the  deep  perineal  fascia  in  which  are  contained  the  peri- 


FiG.  767.— Dissection  of  penneeum  and  Ischio-rectal  re^on. 

Ileal  branches  of  the  internal  piidie  artery,  with  their  accompanying  veina^:  the 
perineal  branches  of  the  internal  pudic  nerve;  some  of  the  muscles  coimected 
with  the  penis  and  urethra; — in  the  middle  line,  the  Accelerator  urinae  ;  on  each 
8ide»  the  Erector  penis;  ami  behind,  the  Transversus  perinjei ;— the  crura 
of  the  corpora  cavernosa ;  and  the  bulb  of  the  corpus  spongiosum.  Here  also  is 
seen  the  central  tendmous  point  of  the  perinfrum.  This  is  a  fibrous  point  in  the 
middle  line  of  the  jierin^eum  between  the  urethra  and  tlie  rectum,  being  about  half 
an  inch  in  front  of  the  anus.  At  this  point  five  muscles  converge  and  are 
attached- — viz.  the  External  sphincter  ani,  the  Acceleratores  iirinie,  and  the  two 
Trans versi  perimei  muscles^so  that  by  the  contraction  of  these  muscles,  which 
extend  in  opposite  directions,  it  serves  as  a  fixer!  point  of  support. 

The  Accelerator  iirinie,  the  Erector  penis,  and  the  Ti*ansversus  perina?i  muscles 
have  been  already  described  (page  461),  They  form  a  triangular  space,  houniied 
internally  by  the  Accelerator  ririnte,  externally  by  the  Erector  penis,  and  behind 
by  the  Trans  versus  perina^i.  The  floor  of  this  sjjace  is  formed  by  the  triangular 
ligament  of  the  urethra  (deep  perineal  fascia),  and  running  fi*om  behind  forward 
in  it  are  the  superficial  perineal  vessels  iind  nerves,  and  the  transverse  perineal 
artery  coursing  idong  tlie  posterior  boundary  of  the  space  on  the  Transversua 
perintei  muscle.  The  two  terminal  branches  of  the  internal  pudic  artery  are 
not  to  be  seen  in  this  space,  as  they  as  well  as  the  dorsal  nerve  of  the  penis  are 
dorsal  to  the  superficial  layer  of  the  triangular  ligament :  the  dorsal  artery  of  the 
penis  ascending  between  the  two  layers  of  the  ligament;  and  the  artery  to  the  cor- • 
pus  cavernosum  entering  the  crus  immediately  after  piercing  from  above  downward 
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the  lower  layer.  The  dorsal  nerve  of  the  penis  is  also  contained  within  the  two 
layers,  accompanying  the  dorsal  artery  along  the  ischio-pubic  ramus,  and  irtth  u 
piercing  the  anterior  layer  and  the  suspensory  ligament  to  be  distributed  to  tlw 
penis* 

The  Atx^Ierator  urin^  and  Erector  iJeii'iM  should  now  \m^  rcnioved,  when  the  deep  perinral 
fasi^ia  will  he  expoijed,  stretching:  across  tlie  tVont  part  uf  the  nutlet  of  the  fH?lvis,  Tlie  ur^hn 
is  seen  pcrlbrutinir  its  centre  jti.st  behj'nd  the  luilh,  and  m\  cudi  .side  is  the  cms  fienis,  comwdim 
llie  corpaij  eavernosum  with  the  rdnii  of  the  isclanm  and  tjs  puhis. 

Tlie  deep  perineal  fascia  {trtajujuhir  liganft-fff).  wliieh  has  already  been  described 
(see  page  4G3),  consists  <d'  two  layers,  the  inferior  or  superficial  layer  of  whick 
sometimes  called  the  anterior  htt/er  of  the  triant^Hlar  ligament^  is  now  exposed,  h 
is  united  to  the  superior  or  deej>  layer  behind,  but  is  separated  in  front  by  a  &ttU 
fascial  space,  in  which  are  contained  certain  structures. 

The  wuptrjieiiti  laifer  of  the  deep  jterineal  fimcm  consists  of  a  strong  fibmo* 
membrane,  the  fibres  of  which  are   disposed  transversely,  which   stretches  acrx:«# 


# 
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-Superficiaf  ptrtneui  ttrttr^ 
-Sup^rneiai  periw^mt  iMnc 
^InUrnat  ptidie  merwtu 
-IntemcU  pitdic  orltfyu 


Km,  768.— Tjie  KU|>erflciiil  musclca  and  vt^saela  of  Llie  perlUi^riiin. 

from  one  isehio-pubic  ramus  to  the  other  and  completely  fills  in  the  pubio  arcB 
it  is  attached  in  front  to  the  subpubic  li;jamcnt,  except  jnst  in  the  centre,  w bereft 
small  interspace  is  left  for  the  dorsal  vein  of  the  penis.  In  the  erect  position  of 
the  body  it  is  ahuost  horizontal.  It  is  perforatetl  hy  the  urethra  in  the  middle 
line,  and  on  each  side  by  the  ducts  of  Cowper's  glands.  It  is  pierced  also  bv  tke 
dorsal  artery  of  tlje  {icnis  close  to  the  base  of  the  ligament;  by  the  artery  to  the 
corpus  eavernosum  more  anteriorly  and  in  the  opposite  direction,  close  to  the  lateral 
margin  of  tlie  ligament ;  and  by  the  artery  to  the  bulb  also  from  above  downward 
in  froirt  of  the  opening  for  (Jowper's  duct.  The  dorsal  nerve  of  the  penis  alflt 
passes  through  the  ligament  in  company  with  the  artery  of  the  same  name.  The 
crura  penis  are  exposed,  lying  sufierticial  to  this  ligament.  Tliey  will  be  seen  to 
be  attached  by  bluni-pointcd  processes  to  the  rami  of  the  os  pubis  and  ischium,  ta 
front  of  the  tuberosities,  and  passing  forward  and  inward,  joining  to  form  the  boil? 
of  the  penis.  In  the  middle  line  is  the  bulh  and  corpus  spongiosum,  exposed  bV 
the  removal  of  the  Accelerator  urina?  muscle. 


FASCIA. 
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If  the  superficial  layer  of  the  deep  perineal  fascia  is  detached  on  either  side, 
the  deep  perineal  interspace  will  be  exposed  ^ind  the  follow iog  parts  will  be  seen 
between  it  aud  the  deep  layer  of  the  fascia  :  the  subpubic  ligament  in  front,  close 
to  the  symphysis  pubis;  rhe  dorsal  vein  of  the  penis;  the  membranous  portion  of 
the  urethra  and  the  Compressor  urethrfe  muscle;  Cowper's  glands  and  their 
ducts ;  the  dorsal  artery  and  the  dorsal  nerve  of  the  penis ;  the  artery  and  nerve  of 
the  bulb  and  a  plexus  of  veins* 

The  superior  or  deep  lat/er  of  the  deep  per  ifteal  fascia  is  derived  from  the  obturator 
fascia  or  is  continuous  with  it  along  the  pubic  arch.  Behind,  it  joins  with  the 
superficial  layer  of  the  deep  perineal  fascia  and  is  continuous  with  the  anal  fascia. 
Above  it  is  the  recto-veaical  fascia,  separated  from  it  on  each  side  by  the  anterior 
fibres  of  the  Levator  ani,  but  in  the  median  line  these  two  layers  of  fascia  are 
continuous  and  form  a  median  septum,  in  consequence  of  the  recto- vesical  fascia 
dipping  down  tn  jnin  the  deep  layer  of  the  deep  perineal  fascia.     Thus  on  each 


Anterior  teyer  of 
d^ep  ptrineal  fatcia  removed. 

shoiPtjifj 
__eoiMf>ncssan  urcthux. 
_Intenuit  pudic  xtrfery. 
■ArUry  of  the  bulb. 
"^Cowper't  gland. 


Tig.  l&J—lH-eit  jR'rJiit'iLl  fascia.    On  the  IcU  side  the  unkrior  layer  has  been  removed. 

side  of  the  middle  line,  beneath  this  fascia,  is  a  little  interspace  in  which  is 
contained  the  anterior  fibres  of  the  Levator ani  (Levator  prostatae).  It  ia  bounded, 
below,  by  the  deep  layer  of  the  deep  perineal  fascia  ;  above,  by  the  recto* vesical 
fascia,  and  is  separated  internally  from  the  space  on  the  other  side  by  the  median 
septum.  The  deep  layer  nf  t lie  deep  peri ucmI  fascia  is  pierced  by  the  urethra*  und 
is  continued  backward  around  the  posterior  \nivt  of  the  membranous  portion  of 
the  urethra  and  the  outer  surface  of  the  prostate  gland. 

The  Compreasor  urethrae  has  already  been  described  (page  464),  In  addition  to 
this  muscle  and  immeiliately  beneath  [t  fin'uhir  mns^'Hlar  fbres  surround  the  mem- 
branous portion  of  the  urethra  frfuu  tlie  bulb  in  front  to  the  prostate  behind,  and  are 
continuous  with  the  muscular  fibn^s  nf  the  bladder.      These  fibres  are  involuntary. 

Cowper's  glands  are  situated  immcfliately  below^  the  membranous  portion  of 
the  urethra,  close  behind  the  bulb,  nrnl  belnw  the  artery  of  the  bulb. 

The  dorsal  artery  an<i  dorsal  nerve  of  the  penis  are  placed  along  the  inner  mar- 
gin of  the  pubic  arch  (pages  623  and  861). 

The  artery  of  the  bulb  passes  transversely  inward,  from  the  internal  pudic 
along    the  base    of  the    triangular   ligament,    between    its  two   layers    of  fascia. 
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the  lower  layer  The  dorsal  nerve  of  tlie  penia  is  also  eon tained  within  the  tiro 
hiyei"s,  accompanying  the  dorsal  artery  along  the  isohio-piihic  ramus,  and  with  it 
piercing  the  anterior  layer  and  the  suspensory  ligament  to  be  distributed  to  the 
penis. 

The  Aecelemtor  iirin^  and  Erector  mwh  should  now  be  removed,  when  the  deep  |>erineal 
fasciia  VTill  be  cxpiLsed,  strt^tebiri^'  aeroj?s  tlie  front  pjirt  of  tlie  mitkt  of  the  pelvis.  The  urethfi 
18  seen  peribralini:  its  centre  just  Udiind  the  biilii,  and  un  each  side  ia  the  erus  penis,  oonncctmir 
the  corpus  eavernosuiii  with  the  rami  of  the  isehium  iind  t>s  puhis. 

The  deep  perineal  fascia  (friam/uhr  NqaineHf),  whieh  has  already  been  described 
(see  page  4(jo),  consists  of  two  layers,  the  inferior  or  superficial  layer  of  which, 
sometimes  called  the  anterior  layer  of  the  trianiiular  ligament^  is  now  exposed*  It 
is  united  tr*  the  superior  or  deep  layer  behind,  but  is  separated  in  front  by  a  sub- 
fascial sjiace,  in  which  are  contained  certain  structures. 

The  superjii'tal  lat/tr  of  (he  dw/i  penrual  fffseia  consists  of  a  strong  fibrous 
membrane,  the  fibres  of  which  are   disposed  tninsversely,  which  stretches  across 


f- 


on  CAT  ftACAO* 
•CIATIC    ligament' 


-Superjicitd  ptrineat  ti«  h 
-Sup^rjiciai  perine4it  iti-  f  r 
^niemtd  pttdic  net^e. 
-  internal  pudie  artprjf. 
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Vu,.  7GH.— The  superficial  tuUBclcft  and  vi.^*^*!?  *)f  the  fkerinanim 

from  one  iscbio-pnbic  ramus  to  the  other  and  ei>m[detely  fills  in  the  pubic  arch  ; 
it  is  attached  in  fnmt  to  the  subjuibic  li^rament.  exeej^t  just  in  the  centre,  where  n 
small  interspace  is  left  for  tlie  dorsal  vein  of  the  penis.  In  the  erect  position  of 
the  body  it  is  almost  horixontab  It  is  perforated  by  the  urethra  in  the  middle 
line,  and  on  each  side  by  the  ducts  of  Cowper's  glands.  It  is  pierced  also  by  the 
dorsal  artery  of  the  penis  close  to  the  liase  of  the  lij^ament;  by  the  artery  to  the 
corpus  cavernosiitn  more  anteriorly  anil  iu  tlie  opposite  direction,  close  to  the  lateral 
maro;in  of  the  lif^amcnt :  and  by  the  artery  to  the  Imlb  also  from  above  downward 
in  front  of  the  opening  for  Cowper's  duct.  The  dorsal  nerve  of  the  penis  aUo 
passes  through  the  ligament  in  company  with  the  aiiery  of  the  same  name.  Tlie 
crura  penw  are  exposed,  lying  superficial  to  this  ligament.  They  will  be  seen  to 
be  attached  by  blunt-p<unte4  proces'^es  to  the  rami  of  the  os  pubis  and  ischium^  in 
front  of  the  tuberosities,  and  passing  forward  and  inward,  joining  to  form  the  bodj 
of  the  penis.  In  the  middle  line  is  the  bulb  and  corpus  spongiosum,  exposed  bj 
the  remova!  of  the  Accelerator  urinie  muscle. 


FASCIA. 
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If  the  Biiperficial  layer  of  the  deep  perineal  fascia  is  detached  on  either  side, 
toe  deep  perineal  interspace  will  be  exposed  and  the  following  parts  will  be  seen 
between  it  and  the  deep  layer  of  the  fascia  :  the  subpubic  ligament  in  fronts  close 
to  the  symphysis  pubis;  the  dorsal  vein  of  the  penis;  the  membranous  portion  of 
the  urethra  ami  the  Compressor  urethral  muscle ;  Cowper's  glands  and  their 
ducts ;  the  dorsal  artery  and  the  dorsal  nerve  of  the  penis ;  the  artery  and  nerve  of 
the  bulb  and  a  plexus  of  veins. 

The  Huperior  or  deep  ia//er  of  the  deep  perineal  fascia  is  derived  fi^ora  the  obturator 
fascia  or  is  continuous  with  it  along  the  pubic  arch.  Behind,  it  joins  with  the 
superficial  layer  of  the  deep  perineal  fascia  and  is  continuous  with  the  anal  fascia. 
Above  it  is  the  recto-vesical  fascia,  sejiarated  from  it  on  each  side  by  the  anterior 
fibres  of  the  Levator  ani,  but  in  the  median  line  these  two  layers  of  fascia  are 
continnous  and  form  a  median  septum,  in  consequence  of  the  recto-vesical  fascia 
dipping  down  to  join  the  deeji  biyer  of  the  deep  perineal  fascia.     Thus  on  each 
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Anifri6T  layfr  of 
deep  perineai  fascia  removed, 

internal  pmiic  miery. 
— i4  rtety  of  the  bulb. 
"""Cbifper*!  gland. 


Fig.  704).— iKep  pH.rIiii mi  rii>^(.Ia.    On  the  left  sirle  the  aiileriur  layef  has  been  removed. 

side  of  the  middle  line,  beneath  this  fascia,  is  a  little  interspace  in  which  is 
contained  the  anterior  fibres  of  the  Levator  ani  (Levator  prostatfe).  It  is  bounded, 
below,  by  the  deep  layer  of  tlie  deep  perineal  fa.scia ;  above,  by  the  recto-vesical 
fascia,  and  is  separated  internatly  from  the  sj>uee  on  the  other  side  by  the  median 
septum.  The  deep  layer  of  tlie  deep  perineal  fascia  is  pierced  by  the  oretbra,  and 
is  continued  backward  around  the  posterior  fart  of  the  meoihranous  [lortion  uf 
the  urethra  and  the  outer  surface  of  the   prostate  gland. 

The  Compressor  urethra  has  already  been  described  (page4G4).  In  addition  to 
this  raMScle  and  immediately  beneath  iteirf^uhir  muse uhir  fibres  surround  the  mem- 
branous [jortion  of  the  uretbni  frf*m  the  bulb  in  front  to  the  prostate  behind.  an<lare 
continuous  with  the  muscular  fibres  of  rhe  bladder.      These  fibres  are  involuntary. 

Cowper's  glands  are  .situated  immediately  below  the  membranous  portion  of 
the  uretlira,  close  behind  the  bull*,  and  below  the  artery  of  the  bulb. 

The  dorsal  artery  nnd  dorsal  nerve  of  the  penis  are  placed  along  the  inner  mar- 
gin of  the  pubic  arch  (pages  ili-i  and  8*_U). 

The  artery  of  the  bulb  passes  transversely  inward,  from  the  internal  pudic 
along    the   ba.se    of   the    triangular    ligament,   between    its   two    layers   of  fascia, 
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accompanied  by  a  branch  of  tbe  puiiic  nerve  (page  861),  If  the  posterior  layer  of 
the  deep  perineal  fascia  is  removed  and  the  cms  {lenia  of  one  side  detached  from 
the  bone,  tbe  under  or  perineal  surface  of  the  Levator  ani  is  brought  fully  inia 
view.  Thi3  muscle,  with  the  triant^olar  ligament  in  front  and  the  Coccygeus  and 
Pyriformis  behind,  closes  the  outlet  of  the  pelvis. 

The  Levator  ani  and  Coccygeus  muscles  have  already  been  described  (page  459)* 

Position  of  tlie  Viscera  at  the  Outlet  of  the  Pelvis.— Divide  the  eetitral  tendinous  point 

of  the  ]>enna^um,  separate  the  revtum  tViHii  its  eotineetiims  by  diviciinicr  the  fibres  of  the  Levatiir 
ani,  which  deseerul  upon  the  sides  of  the  jinjatate  glantL  and  draw  the  gut  kickward  toward  the 
coccyx,  when  the  under  vsurfaee  of  the  pnxstate  gland^  the  ueck  and  base  uf  the  bladder,  Uie 
vesieul.T3  seininale^.  and  the  va»a  defereiUia  will  tn^  cx^Mjsied, 

The  Prostate  Qland  is  a  pale,  firm,  ghmdular  body  which  is  placed  immediatelv 
in  front  of  the  neck  of  the  bladder  around  the  commencement  of  the  urethra-    It  is 


J,rliry  tf  corpus  eavtmomm. 
tiorMal  artery  of  pmi  i 


Arieri/  ofhtilh.- 
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Fio.  770.— A  view  of  the  position  of  the  vHscem  at  the  outlet  of  the  pelvis. 

placed  in  the  pelvic  cavity,  behind  and  below  the  syin|ibYsi.s  pubi.s,  posterior  to  the 
deep  perineal  fa.scia,  and  rests  upon  the  rectum,  through  which  it  may  be  distinctly 
felt,  e8j)ecially  when  enlarged.  In  sbji|>e  and  size  it  resembles  a  chestnut.  Its 
base  is  directed  hackwacd  toward  the  neck  of  the  bladder.  Its  apex  is  directed 
forwaid  U\  the  deep  [lerineal  fascia,  which  it  touches. 

It-s  posterior  surface  is  smooth,  marked  by  a  slight  longitudinal  furrow,  and  restai 
on  the  rectum,  to  which  it  is  conuectini  by  tire<»lar  tiR.^iie,     Irs  anterior  surface  is  ^ 
flattened,  marked  by  a  slight  longiturlinal  furrow,  and  jdaced  about  tbree-ijuarters 
of  an  inch  below  the  pubic  symphysis.      It  measures  about  an  inch  and  a  half  in 
its  transverse  diameter  at  the  base,  an  inch  in  its  antero-posterior  diameter,  and 
three-tiuarters  of  an  inch  in  depth.      Hence  the  greatest  extent  of  incision  that  can 
be  made  in  it  without  dividing  its  substance  completely  across  is  obliquely  back- I 
ward  and  outward.     This  is  the  direction  in  winch  the  incision  is  made  in  it  in 
the  lateral  o[>eration  of  lithotomy. 

Behind  the  prostate  is  the  posterior  siirface  of  the  neck  and  ba^e  of  the  bladder, 
a  small  triangular  jiortion  of  the  bladder  being  seen,  bounded,  in  front,  by  the 
prostate  gland  ;  behind^  by  the  rectO'Vesical  fold  of  the  peritoneum ;  on  each  i*ide» 
by  the  vesicula  seminalis  and  the  vas  deferens.     It  is  sejia  rated  from  direct  con  tact  j 
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with  the  rectum  by  the  recto-vesical  fascia*     The  relation  of  this  portion  of  the 

bladder  to  the  rectum  is  of  extreme  interest  to  the  surgeon.  In  cases  of  retention 
of  urine  this  portion  of  the  organ  is  found  jirojeeting  into  the  rectum,  between 
three  and  four  inches  from  the  margin  of  the  uotis,  sind  may  be  easilv  j»erforated 
T^ithout  injury  to  any  important  parts:  this  portion  of  the  bhohler  is,  conseiiueiitly, 
occasionally  selected  for  the  perforinance  of  the  operation  of  tapping  the  bladder. 

StiTgical  Anatomy. — The  student  should  consider  tlie  position  of  the  various  parts  in 
reterein'€  to  the  lateral  opemtiuu  of  lithotomy,  Thirt  operation  is  jw^rtoriued  on  the  left  side  of 
the  prrina^um,  a*s  it  is  most  convenient  for  the  Hirht  hand  of  the  ofwmtor.  A  stJiff'havinjLT  been 
intn>duced  into  the  bladder,  the  tirst  incision  \»  commenced  niidwa^^  Wtween  the  aims  ar»d  tin? 
back  of  the  scrotum  (*.  t\  in  an  ordimiry  adult  pcriniennj  idHMit  an  inch  f»ntl  a  half  m  front  of 
the  anas)  a  little  on  t!ie  letl  side  of  the  raphe,  ami  rarricil  otiliipicly  hackwanJ  and  <MUward  to 
midway  between  the  anus  and  tuberosity  of  the  ischiain.  The  iarision  fli\'iilcs  die  iiUCL^naent 
and  superficial  fascia,  the  inferior  hfenjorrhoidal  vessels  and  nerves,  and  the  supirficialand  trans- 
verse ptfrineai  vessels.  If  the  forelin^cr  of  the  ktl  hand  is  thmst  upward  and  iorwani  into 
the  wimnd.  pressing  at  the  sanjc  time  the  rectum  in  wart)  and  backward,  the  .staff  niay  be  felt  in 
the  niembrations  portion  of  the  vtretfira.  The  tinirer  is  fixed  upiin  the  staft',  and  the  structures 
oiverin^it  are  divided  with  the  point  of  the  knife,  which  must  be  directed  aitniirthe  crroove  towarl 
the  bladder,  the  edsre  of  ihe  knife  being  turned  ontwartl  anrl  backward,  dividtnii:  in  its  course 
the  nicnd>ranoiL^  portion  of  the  nrejhra  and  i>art  of  the  IctV  lol>e  of  the  prostate  dand  to  the 
extent  of  about  an  inch.  The  knife  is  then  witlnlniwn,  ami  the  fort^tinirer  of  the  left  hand 
passed  alotig  the  staff  into  tfrc  bladder  The  po.nition  of  the  stone  havinir  heeii  asccrtainc*!,  the 
staff  is  to  lie  withdrawn,  and  the  forceps  is  introduced  over  the  finger  into  the  bludden  If  the 
stone  is  very  lar^'e,  the  opposite  side  ot  the  pro.ntate  n»ay  l>e  notelied  before  the  tor(^et*f*  ^^  intro* 
duced:  the  finder  is  now  withdrawn,  ivnd  the  blades  of  the  loreeps  ojH'Tjcd  and  made  to  grasp 
the  stone,  winch  must  be  extnictefl  hy  slow  and  caniioos  ntidulating  movements. 

Parts  DiYided  in  the  Operation. — The  virions  stnu-enres  dividetj  in  tlds  operation  are  as 
follow"*:  tho  integument,  snperfiiial  tliscia,  inferior  Inemorrhoidal  vessels  and  nerves,  and  pro1> 
ably  the  snperticia!  j>eriueal  vessels  and  nerves,  the  posterior  fihrcs  of  the  Acwlcnitor  urina?,  the 
Tmnsversns  perina^i  uinsck  and  artery,  thedcen  penneal  tascia,  the  anterior  fibres  of  the  Ijeviitor 
ani,  \mn  of  the  Compressor  urethra?,  the  membranous  and  pro,static  portions  of  the  urethra,  and 
part  of  the  prostate  ^dand. 

Parts  to  be  Avoided  in  the  Operation. — In  making  tlic  necei^sary  incisions  in  the  peri- 
Ufeutu  for  the  i^xtractitm  of  a  calculus  the  lolliiwinir  parts  should  he  avoided  :  Tlic  primary  incis- 
ion should  n<>t  be  made  too  near  the  middle  line,  tor  fear  of  woundintr  the  Imlh  of  the  corpus 
spongiosum  or  the  rectum;  nor  too  far  externally,  otherwise  the  pudic  artery  may  lie  imjilicated 
as  it  asiends  along  the  inner  Inirtlcr  of  the  pubic  arch.  If  the  incisiotjs  arc  catTied  (oo  far 
forward,  the  arterv*  of  the  hulh  may  l>e  divided  ;  if  carrictl  Urn  far  Ijackward,  the  entire  breadth 
of  I  he  i>rostate  and  neck  of  the  bladder  may  he  cut  throuLdu  which  allows  the  urine  to  become 
infiltrated  behind  the  pelvic  fascia  into  the  loose  areokir  tissue  Iw^twccn  the  bladder  and  rectum, 
instead  of  escaping  externi\lly  ;  diffuse  infiammation  is  eonsefpiently  set  up,  and  licritotntis.  ftfun 
the  close  proxiraity  rtf  the  recto- vesical  peritotieal  foliJ,  is  the  residt.  If.  \m  the  ctuitrar\%  the 
prostate  is  tlivided  In  front  *^pf  the  ba^i  of  the  gland,  the  urine  makes  its  way  externally,  and 
there  is  less  danger  of  infiltration  taking  t>hic4>. 

Duriufi:  the  oper^ttion  it  is  of  irrcmt  importance  that  the  finger  should  he  passed  itito  the 
bladder  hffore  the  staff  is  removed  ;  if  tliis  is  ncLdected,  and  if  the  incision  made  in  the  |irostiite 
and  neck  of  the  bladder  is  too  smalL  great  difficulty  may  he  experienced  in  jiurodncing  the 
finger  afterward  ;  and  in  the  chihl.  where  the  connections  of  the  bladder  to  the  surrounding 
partji^  are  very  I<.mis4l%  the  fbree  made  in  the  attempt  is  suffirierjt  to  disidace  the  bladder  njjward 
•into  the  ahdonicn,  out  of  the  reach  of  tiie  otH?rator.  Such  a  pn>cee«ung  has  not  un frequently 
occurred,  producing  the  most  endiarrassing  results  and  totid  fiiilure  of  the  openition. 

It  is  necessary  to  hear  in  mind  tloit  the  arteries  in  tlie  pcrinauun  oceasionally  take  an  ahnor* 
mal  course.  Thus  the  artery  of  the  Imlb,  when  it  arises,  us  s<:»mcttujcs  hiippens,  from  the  pudic 
opptjsite  the  tuber  Lschii,  is  liable  to  be  woundeil  in  the  operation  for  liihotimiy  in  its  passage 
forw^ard  to  the  hulh.  The  at^*essor>'  pudic  may  l>e  divided  near  the  posti*rior  l_Hirdi'r  of  i lie  xmM- 
tate  gland,  if  this  is  completely  cut  across:  and  the  prostatic  veins,  especially  in  peojile  advanced 
in  life,  are  of  large  size,  and  give  rise,  when  divitled,  to  troublesome  loemyrrhagc, 

THE   FEMALE    PEEIN^ITM, 

The  female  perinaeum  presents  certain  rliftorenees  from  that  of  the  male,  in 
consequence  of  the  wliole  of  the  structures  which  constitute  it  Ijeing  ]>crfruated 
in  the  middle  line  by  the  vuIvo-vaf£iiuil  jmssage. 

The  superficial  fascia,  as  in  the  male,  con.sists  of  two  layers*  of  which  the 
superficiiil  one  is  continuous  with  the  superficial  fascia  over  the  rest  of  the  br>dv-» 
and  the  deep  layer,  corresponding  to  the  fascia  of  Colles  in  the  male,  is  like  it 
attached  to  the  ischio-piibic  ramus,  and  in  fi*ont  is  continued  forward  throtit^h 
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the  labia  majnra  to  the  inguinal  region.  It  is  of  less  extent  than  the  tn&le,  b 
consef{iience  of  being  perforated  by  the  aperture  of  the  vulva. 

On  removing  this  fascia  the  muscles  of  the  female  perinaeum,  which  have 
already  been  described  (page  4G4),  are  exposed.  The  Sphincter  vaginae,  conre- 
sponding  to  tlie  Accelerator  urinie  in  the  male,  consists  of  an  attenuated  plane  of 
fibres,  forming  an  orbicular  muscle  around  the  orifice  of  the  vagina,  instead  of 
being  united  in  a  metlian  raphe,  as  in  the  male.  The  Erector  clitoridis  is  propor- 
tionately reduced  in  size,  but  differs  in  no  other  respect,  and  the  Transversas 
perinsei  is  similar  to  the  muscle  of  the  same  name  in  the  male. 

The  deep  perineal  fascia  is  not  so  strongly  marked  as  in  the  male.  It 
transmits  the  urethra,  and  is  wide,  separated  in  the  median  line  by  the  aperture 
of  the  vagina. 

lihe  OompressoT  Vteihi2&  (Tramrersiis  per hjvi  prtifunJus)  is  the  analogue  of 
the  Compressor  urethras  in  the  male.  It  arises  from  the  ischio-pubic  ramus,  and, 
passing  inward,  its  anterior  fibres  blend  with  the  muscle  of  the  opposite  side,  io 
front  of  the  urethra;  its  middle  fibres,  the  most  numerous,  are  inserted  into  the 
side  of  the  vagina,  and  tlie  posterior  fibres  join  the  central  point  of  the  perinseum. 

The  distribution  of  the  internal  pudic  artery  is  the  same  as  in  the  male  {set 
page  625),  and  the  pudic  nerve  has  also  a  similar  arrangement,  the  dorsal  nerve 
being,  however,  very  small  and  aupjdying  the  clitoris. 

The  corpus  spongiosum  is  divided  into  two  lateral  hal?efl,  which  are  represented 
by  the  bulbi  ne»tihuli  and  part  en  mtermeduiles  (see  page  1165), 

The  perineal  body  fills  up  the  interval  between  the  lower  part  of  the  v^agioa 
and  the   rectum.     Its  base  is  covered  by  the  skin  lying  between  the   anus  and 
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vagina  on  what  is  called  the  '*  perinaeum/'  Its  anterior  surface  lies  bekind  fht 
posterior  vaginal  wall,  and  its  po,«iterior  surface  lies*  in  front  of  the  anterior  rectal 
wall  and  the  anns-  It  measures  al>ont  iin  iucli  ami  a  quarter  from  before  backwariL 
and  laterally  extends  from  one  tuberosity  of  the  ischium  to  the  other.  In  it  are 
attached  the  muscles  belonging  to  the  external  organs  of  generation.     Through  lit 


PELVIC  FASCIA. 

centre  runs  the  transverse  perineal  septum,  which  is  of  great  strength  in  women, 
and  forms  on  either  side,  behind  the  posterior  fommissure,  a  hard,  ill-defined  body, 
consisting  of  connective  tissue,  with  much  yellow  elastic  tissue  and  interlacing 
bundles  of  involuntary  muacular  fibres,  in  which  the  voluntary  muscles  of  the 
perinseum  are  inserted. 

PELVIC   FASCIA. 

The  PeMc  fkacia  (Fig.  772)  is  a  thin  membrane  which  lines  the  whole  of  the 
cavity  of  the  ]>elvis  and  is  continooua  with  the  transversalisand  iliac  fascise.  It  is 
attached  to  the  brim  of  the  pelvis,  for  a  short  distance,  at  the  side  of  the  cavity,  and 
to  the  inner  surface  of  the  bone  round  the  attachment  of  the  Obturator  internus. 
At  the  posterior  border  of  this  muscle  it  is  continued  backward  as  a  very  thin 
membrane  in  front  of  the  Pyriformis  muscle  and  sacral  nerves  to  the  front  of  the 
sacrum-  In  front  it  follows  the  attachment  of  the  Obturator  internus  to  the  bone, 
arches  beneath  the  obturator  vessels,  completing  the  orifice  of  the  obturator  canal, 
and  at  the  front  of  the  pelvis  is  attached  to  the  lower  pan  of  the  symphysis  pubis. 
At  the  level  of  a  line  extending  from  the  lower  part  of  the  symphysis  pubis  to  the 
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Fig.  772.— Side  vt«w  of  ihe  pelvic  viscetii  of  the  male  subject,  showing  the  pelvic  and  perineal  faseifB, 


spine  of  the  ischium  is  a  thickened  whitish  band:  this  marks  the  attachment  of 
the  Levator  ani  muscle  to  the  pelvic  fascia,  and  corresponds  to  its  point  of  division 
into  two  layers,  the  ohtumtor  and  recto-vemcaL 

The  obturator  fascia  descends  and  covers  the  Obturator  internus  muscle.  It 
is  a  direct  c^mtinuatiMU  of  the  pelvic  fascia  below  the  white  line  above  mentioned, 
and  is  attached  to  the  pubic  arch  and  to  the  margin  of  the  great  sacn^-sciatic  liga- 
ment. From  its  attachment  to  tlie  nuui  of  the  os  pubis  and  ischium  a  process  is 
given  off  which  is  continuous  with  a  similar  process  from  the  opposite  side,  so  as 
to  close  the  front  part  of  the  outlet  of  the  pelvis,  forming  the  superior  layer  of 
the  triangular  ligament.  This  fascia  forms  a  eanal  fi>r  the  pudic  vessels  and 
nerve  in  their  passage  forward  to  the  perim^um,  and  gives  off  a  thin  membrane 
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which  covers  the  perineal  aspect  of  the  Levator  ani  muscle,  called  the  isehuhrecid 
(anal)  fascia. 

Tiie  reeto-vesical  fkscia  {tfiieeral  layer  of  the  pebfie  faeeia)  descends  into  the 

Eelvis  upon  the  upper  surface  of  the  Levator  ani  muscle,  and  invests  the  prostate, 
ladder,  and  rectum.  From  the  inner  surface  of  the  symphysis  pubis  a  short 
rounded  band  is  continued  to  the  anterior  sur&oe  of  the  prostate  ana  neck  of  the 
bladder,  forming  the  pubo-prostatic  or  anterior  true  ligaments  of  the  bladder.  At 
the  side  this  fiskscia  is  connected  to  the  side  of  the  prostate,  enclosing  this 'gland 
and  the  vesico-prostatic  plexus  of  veins,  and  is  continued  upward  on  the  side  of 
the  bladder,  forming  the  lateral  true  ligaments  of  the  organ.  Another  prolonga- 
tion invests  the  vesicula  seminales,  and  passes  across  between  the  bladder  and 
rectum,  being  continuous  with  the  same  fascia  of  the  opposite  side.  Another  thin 
prolongation  is  reflected  round  the  surfiu^  of  the  lower  end  of  the  rectum.  The 
Levator  ani  muscle  arises  from  the  point  of  division  of  the  pelvic  fascia,  the  vis- 
ceral layer  of  the  fascia  descending  upon  and  being  intimately  adherent  to  the 
upper  surface  of  the  muscle,  while  me  under  surfitce  of  the  muscle  is  <M>veredby  a 
thin  layer  derived  from  the  obturator  fascia,  called  the  isehuhreetal  or  anal  fascia, 
hx  the  female  the  vagina  perforates  the  recto-vesical  fiucia,  and  receives  a  pro- 
longation from  it. 
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Abdomen,  955 
contents  of,  959,  999 
lymphatics  of,  689 
muscles  of,  447 
regions  of,  959 
Abdominal  aorta,  608 
branches  of,  609 
surface-marking  of,  609 
surgical  anatomy  of,  609 
cavity,  955,  959 
muscles,  447 
ring,  external,  449 

internal,  1186 
wall,  957,  959 
Abdomino-tlioracic  arch,  237 
Abducent  nerve,  810 

surgical  anatomy  of,  811 
Abductor  hallucis  muscle,  530 
indicis  muscle,  496 
minimi  digiti  muscle,  foot,  531 
hand,  494 
Absorbent  glands,  679 
Absorbents,  679 
Accessorii  orbicularis  oris,  402 
Accessor! us  ad  ilio-costalem  mus- 
cle, 436 
Accessory    descending    palatine 
canals,  197 
obturator  nerve,  854 
portal  vein,  1057 
processes,  152 
pudic  artery,  623 
spleen,  1073 
Acetehulum,  278 
Acromial  end  of  clavicle,  frac- 
ture of,  500 
region,  muscles  of,  471 
thoracic  artery,  592 
Acromio-clavicular  joint,  342 
surface  form  of,  344 
surgical  anatomy  of,  344 
Acromion  process,  244 

fracture  of,  500 
Actions  of  muscles.    See  each 

group  of  muscles. 
Adamaiitoblasts,  940 
Adductor  brevis  muscle,  512 
longus  muscle,  512 
magnus  muscle,  513 
obliquus  hallucis,  533 

pollicis,  493 
transversus  hallucis,  533 

pollicis,  493 
tubercle,  287 
Adenoid  connective  tissue,  49 
Adipose  tissue,  49 
Adminiculum  linete  albee,  962 
Afferent  nerves,  75 

vessels  of  kidney,  1134 
After-brain,  707 


Agminated  glands,  1025 

Air-cells,  1119 

Ala  cinerea,  724 

Alffi  of  cerebellum,  729,  730 

of  vomer,  201 
Alar  lieaments,  326 
of  knee,  372 

thoracic  artery,  592 
Alcock,  canal  o^  1202 
Alimentary  canal,  930 
development  of,  132 
subdivisions  of,  930 
Allantoic  vesicle,  113 
Allantois,  113,  1140 
Alveolar  artery,  562 

passage,  1119 

process,  193,  203 
Alveoli,  1119 

formation  of,  941 

of  lower  jaw,  203 

of  upper  jaw,  193 
Alveus,  763 
Amnion,  111 
Amniotic  cavity,  112 
Amphiarthrosis,  815 
Ampullse  of  rectum,  1039 

of  semicircular  canals,  922 

of  tubuli  lactiferi,  1179 
Amygdalse,  945 

of  cerebellum,  732 
Anal  canal,  1038,  1040 

fascia,  1210 

orifice,  1038 
Anastomosis  of  arteries,  539 
Anastomotica  magna  of  brachial, 
596 
of  femoral,  637 
Anatomical    neck  of   humerus, 
248 
fracture  of,  253 
Anconeus  muscle,  486 
Andersch,  ganglion  of,  816 
Aneurisms  of  abdominal  aorta, 
609 

of  arch  of  aorta,  544 

of  thoracic  aorta,  606 
Angle  of  floor  of  fourth  ventricle, 
723 

inferior  lateral,  of  sacrum,  157 

of  jaw,  206 

lateral,  738 

of  rib,  233 

sacro-vertebral,  155 
Angular  artery,  556 

process,  external,  171 
internal,  171 

vein,  651 
Ankle-joint,  377 

relations  of  tendons  and  ves- 
sels to,  379 

surface  form  of,  379 

surgical  anatomy  of,  379 


Annular  ligament  of  ankle,  ante- 
rior, 528 
external,  529 
internal,  528 
of  radius  and  ulna,  353 
of  stapes,  919 
of  wrist,  anterior,  489 
posterior,  490 
Annulus,  1101 
ovalis,  1089 
Ansa  lenticularis,  747 

peduncularis,  747 
Anterior      annular      ligament, 
ankle,  528 
wrist,  489 
chamber  of  eye,  903 
crural  nerve,  855 

surgical  anatomy  of,  866 
dental  canal,  190 
ethmoidal  cells,  186 
fontanelle,  188 
fossa  of  skull,  208 
and    internal   frontal    artery, 

572 
nasal  spine,  194 
palatine  canal,  194 

fossa,  194,  213 
perforated  space,  784 
r^on  of  skull,  217 
triangle  of  neck,  563 
Antero-lateral  ganglionic  artery, 

672 
Antero-median    ganglionic    ar- 
tery, 571 
Antihelix,  912 
fossa  of,  912 
Antitragicus  muscle,  914 
Antitragus,  912 
Antrum  duodeni,  1000 
of  Highmore,  190 
pyloricum,  ICIOO 
Anus,  1201 
development  of,  134 
muscles  of,  458 
Aorta,  541 
abdominal,  608 
branches  of,  609 
development  of,  128.. 
surgical  anatomy  of  arch  oL 
544 
arch  of,  543 
branches  of,  545 
peculiarities  of,  543 

branches  of,  545 
sinuses  of,  542 
surgical  anatomy  of,  544 
descending,  605 
thoracic,  605 
branches  of,  606 
sinuses  of,  542 
surgical  anatomy  of,  606 
transverse,  541,  54*3 
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Aortic  opening  of  diaphragm, 

of  lieart.1092 
plexor  878 

somilonar  Talves,  1098 
siniifles,1098 
▼6Btibale»  1004 
Apertora  scaln  Toedboli  cooh- 

le»,022 
Aponearosii^  889 
of  deltoid,  471 
of  external  oblique  in  inguinal 

region,  448 
of  oodpito-frontalii^  808 
posterior,  of  tranav«ne  muedeu 

453,458 
of  soft  palate,  044 
suprahyoid,  418 
Apophysis,  144 

Apparatus  ligamentosos  ooli,  826 
Appendages  oi  eye,  007 
surgical  anatomy  o(  Oil 
of  skin,  80 
of  uterus,  1174 
Appendices  epiploioHL  1028, 1041 
Appendix  of  lot  anride^  1001 
of  riffhtauriole,  1088 
▼emuformis.  1(^2 
Aqua  labjrinthi,  026 
Aqufsductus  cochlen,  178,  028 
Fallopii,  177,  010 
Sylvius,  707,  741, 744 
▼estib^  177,  OSl 
Aqueous  humor,  008 
Anntii  corpora,  1001 
Arfoor  uterina,  1171 

Tittt,734 
Arch  of  aorta,  548 
branches  of,  545 
peculiarities  of,  548 
surxical  anatomy  of.  544 
crural  or  femoral,  1105 
deep,  598 
of  OB  pubis,  283 
plantar,  647 
supraorbital,  171 
of  a  vertebra,  144 
zygomatic,  216 
Arches,  aortic,  fcetal,  129 
Archoplasm  spheres,  40 
Arciform  fibres,  deep,  719 

external  or  superficial,  710, 

712,  718 
internal,  719 

superficial  or  external,  710, 
712,  718 
Area  of  Broca,  783 
cribroea,  media,  928 

superior,  928 
germination,  103 
Areas  of  Cohnheim,  66 

of  medulla,  712,  713,  714 
Areola  of  breast,  1 178 
Areolee  of  bone,  primary,  60 

secondary,  61 
Areolar  tissue,  46 
Arm,  arteries  of,  576 
back  of,  muscles  of,  477 
bones  of,  248 
fascia  of,  475 
front  of,  muscles  of,  475 
lymphatic  glands  of,  681 
lymphatics  of,  684 
superficial  fascia  of,  471 
veins  of,  662 


Arnold's  ganglion,  807 
nerve,  821 

canal  for.  178 
Arreotores  pill,  04 
Arteria  centralis  retina,  570 
Arterin  propria  renales,  1 188 

receptacufi,  568 
Arteries,  develonment  oS,  128 
anastomoses  of,  589 
capillary,  82 
distributicm  ot  580 
mode  of  division,  580 

of  origin  of  brandies^  580 
nerves  ol  82 
sheath  0^82 
structure  of,  80 
subdivision  of,  580 
systemic,  580 
vessels  of,  82 
Arteries  or  artery,  moo&may  pa- 
dic^628 
acromial,  ihoradc^  502 
alar  thoracic^  502 
alveolar,  562 

anastomotica  magna  of  bra- 
chial, 507 
of  femoral,  687 
angular,  556 
anterior  cerebral,  570 

ciliary,  570 

communicating.  572 

inferior  cerebellar,  588 

mteroostal,  586 

and  internal  fnmtal,  670 

q)inal,  582 
antero-lateral  ganglionic^  572 
antero-median  ganglionic^  571 
aorta.  541 

abdominal,  608 

arch  of,  548 

ascending  part,  542 

desoendii^  part,  605 

thoracic,  oOo 
articular,  knee,  639 
ascending  cervical,  584 

pharyngeal,  558 
auditory,  583,  927 
auricular  anterior,  559 

posterior,  557 
axillary,  589 

accessory    external     mam- 
mary, 592 

cutaneous,  593 

external  mammary,  592 
accessory,  592 

humeral  branch,  592 
azygos  of  knee,  641 
basilar,  583 
brachial,  593 
bronchial,  606, 1120 
buccal,  562 
of  bulb,  625 
calcanean,  external,  647 

internal,  647 
carotid,  common,  547 

external,  551 

internal,  565 
carpal,  radial,  599 

ulnar,  603 
of  cavernous  body,  626 
centralis  retinie,  570 
cerebellar,  583 
cerebral.  570,  572,  583 

ascending  cervical,  584 

princeps,  557 


Arteries  or  arttfj.  < 
ftmda^MT 
superficial  (serrical,  685 
choroid  anterior,  578 

posteriory  584 
ciliary,  570 

drde  of  WUlia,  578.  584 
circumfiex,  of  arm.  S9^ 
of  UiacL  saperficial,  685 
of  thiffh,  686 
coccygeal,  626 
cochlear,  927 
cosliac  azia,  610 
oolica  dextra,  614 
media,  614 
sinistra,  614 
comes  nerri  iachiadici,  626 

phrenid,  586 
common  carotid,  547 

iliac,  618 
oommunicatins,  anterior  ccn 
bri,  572 
branch  of  alnar,  604 
posterior  cerebri,  573 
coronary,  deeoendinft  54^  51 
of  heart,  542 
infundibalar,  542 
of  lii>,556 
marginal,  542 
transverse,  542;  54S 
cremasteric^  629 
crico-thyroid,  552 
cystica  611 

deep  branch  of  ulnar,  606 
cervical,  587 
temporal,  561 
dental  anterior,  562 
inferior,  561 
posterior,  562 
descending  aorta,  605 

palaUne,  562 
digital  plantar,  648 

of  ulnar,  604 
dorsal,  of  penit^  624 

of  scauula,  o92 
dorsalis  halliicis,  643,  644 
indicis,  600 
lingufe,  553 
pedis,  643 
communicating,  643.  644 
first    dorsal    interofci«o(ii, 

643,  644 
plantar  digital,  643,  614 
pollicis,  600 
epigastric,  deep,  629 
sui>erficial,  (535 
superior,  587 
ethmoidal,  569 
external  carotid,  551 
iliac,  628 
plantar,  647 
anterior  perforating,  644, 
648 
facial,  554 
femoral,  630 
deep,  035 
frontal,  570 
gastric,  611,  612 
gastro-duodenalis,  611 
gastro-epiploica  dextra,  611 

sinistra,  612 
gluteal,  627 

inferior,  626 
helicine,  1152 
hemorrhoidal  inferior,  625 
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A  rteries  or  artery,  hemorrhoidal, 
middle,  622 

superior,  615 
hepatic,  611.  1057 
hyoid  branch  of  lingual,  553 
of  superior  thjroid,  552 
hypogastric,  in  foetus,  621, 1097 
ileo-colic,  614 
iliac,  common,  618 

external,  62S 

internal,  620 
ilio-lumbar,  626 
inferior  cerebellar,  583 

dental,  561 

labial,  555 

laryngeal,  584 

mesenteric,  614 

profunda,  596 

pyloric,  611 

thyroid,  584 
infraorbital,  562 
innominate,  545 
intercostal,  606 

anterior,  586 

superior,  587 
internal  auditory,  927 

carotid,  565 

iliac,  620 

mammary,  586 

maxillary,  559 

plantar,  647 
interosseous,  of  foot,  644 

of  hand,  602 

ulnar,  602 
intestini  tenuis,  614 
labial  inferior,  555 
lachrymal,  568 
laryngeal  inferior,  584 

superior,  552 
lateral  sacral,  627 

spinal,  582 
lateralis  nasi,  556 
lingual,  553 
long  ciliary,  570 

thoracic,  592 
lumbar,  617 
malleolar,  643 
mammary,  internal,  586 
masseteric,  562 
maxillary,  internal,  559 
median,  of  forearm,  603 

of  spinal  cord,  583 
mediajstinal,  586 

posterior,  606 
meningeal  anterior,  568 

middle,  560 

small,  561 

from  occipital,  557 
from  pharyngeal,  558 
from  vertebral,  581 
mesenteric  inferior,  614 

siij)erior,  613 
metacarpal,  600 
metatarsal.  644 
middle  cerebral,  572 

sacral,  617 
musculo-phrenic,  586 
mylo-hyoid,  561 
nasal,  of  ophthalmic,  570 

of  septum,  556 
inferior,  556 
superior,  562 
nutrient,  of  fibula,  646 

humerus,  586 

radius  and  ulnar,  602 


Arteries  or  artery,  radius  and 
tibia,  646 
obturator,  622 
occipital,  556 
oesophageal,  606 
ophthalmic,  568 
orbital,  562 
ovarian,  616 
palatine,  ascending,  555 

descending,  562 

palmar  arch,  deep,  604 
superficial,  604 

of  pharyngeal,  558 
palmar  interossei,  601 
palpebral,  570 
pancreatic,  612 
pancreatico-duodenalis,  611 

inferior,  613 
perforating,  of  foot,  648 

of  hand,  601 

of  intercostal,  586 

of  thi^h,  636 
pericardiac,  586,  606 
perineal,  superficial,  625 

transverse,  625 
peroneal,  646 

anterior,  646 

posterior,  646 
phrenic,  616 
plantar,  647 
popliteal,  638 
posterior  auricular,  557 

carpal,  inferior  perforating 
of  radial,  600 

cerebral,  583 

communicating,  573 

meningeal,   from   vertebral, 
582 

tibial,  644 
princeps  cervicis,  557 

pollicis,  600 
profunda  of  arm,  inferior,  596 
superior,  596 

cervicis,  587 

femoris,  635 
pterygoid,  562 
pterygo-palatine,  562 
pudic,  deep  external,  635 

superficial  external,  635 
internal,  623 
pulmonary,  540,  1119 
pyloric  inferior,  611 

of  hepatic,  611 
radial,  597 

posterior     carpal,     inferior 
perforating,  600 
radial  is  indicis,  601 
ranine,  553 
recurrent  interosseous,  603 

radial,  599 

tibial,  642 
posterior,  642 

ulnar,  anterior,  602 
posterior,  602 
renal,  616 
sacral  lateral,  627 

middle,  617 
scapular,  posterior,  585 
sciatic,  626 
short  ciliary,  570 
sigmoid,  614 
spermatic,  616,  1155 
spheno-palatine,  562 
spinal,  anterior,  582 

lateral,  582 


Arteries  or  artery,  spinal,  me- 
dian, 583 

posterior,  582 
splenic,  611 
stemo-mastoid,  557 
stylo-mastoid,  557 
subclavian,  576 
sublingual,  553 
submaxillary,  555 
submental,  555 
subscapular,  592 
superficial  cervical,  585 

circumflex  iliac,  630 

palmar  arch,  604 

perineal,  625 
superficialis  vole,  599 
superior  cerebellar,  583 

epigastric,  587 

hemorrhoidal,  615 

intercostal,  587 

laryngeal,  552 

mesenteric,  613 

profunda,  506 

thoracic,  102 

thyroid,  554 
supraorbital,  569 
suprarenal,  615 
suprascapular,  586 
sural,  639 
tarsal,  644 
temporal,  558 

anterior,  558 

deep,  561 

middle,  559 

posterior,  558 
thoracic,  acromial,  592 

alar,  592 

aorta,  605 

long,  592 

superior,  592 
thyroid  axis,  584 

inferior,  584 

superior,  552 
tliyroidea  ima,  545 
tibial  anterior,  641 

posterior,  644 

recurrent,  642 
tonsillar,  555 
transverse  facial,  559 
transversalis  colli,  585 
tympanic,  from  internal  caro- 
tid, 568 

from  internal  maxillary,  500 
ulnar,  601 

recurrent  anterior,  602 
posterior,  602 
umbilical  in  foetus,  621,  1099 
uterine,  622 
vaginal,  622 
vasa  aberrantia  of  arm,  595 

brevia,  612 

intestini  tenuis,  614 
vertebral,  581 
vesical  inferior,  622 

middle,  622 

superior,  622 
vest i  oil  lar,  927 
Vidian,  562 
Arteriole  recte,  1134 
Arthnxiia,  316 

Articular  arteries  (knee),  from 
popliteal,  641 
cartilage,  143 
end-bulbs,  76 
lamella  of  bone,  313 
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H 

Articular  processes  of  vertebrae, 

Ascending^  colon,  1035 

AxiB,  cen?bru-«pifial,  693           1 

^^H 

146 

cutaneous  nerve,  b62 

ca4iai%  GIU                            ^J 

^^H 

A  rti  cu  1  ai  loii  k,     aeroni  icHcl  a  vi  cu- 

frontal  artery,  572 

development  of,  1&4          ^H 
thyroid,  584                          ^| 

^^H 

lar.  342 

oblique   muiK!le   of   abdomen. 

^^H 

nnkle,  377 

451 

Axis-cylinder  of  nerve-tubci,  7! 

^^H 

agtragalo-calcanean,  381 

palatine  artery,  556 

Axygos  artery,  articular,  641      . 

^^H 

navicular,  3S2 

parietal  artery,  572 

uvulie  muAcle,  422            ^H 

^^H 

atlan to-axial,  323 

phttryngeal  artery,  558 

Tettis,  667                            .^H 

^^H 

calcaiieo-iiiitragaloid,  381 

HUrKical  anatomy  of,  568 

.^H 

^^H 

-tiibjid,  381 

AstragaluB,  303 

»■  « 

^^H 

navicular,  382 

developmenl  of,  308 

^^H 

car|>al,  357 

Atlantoaxial  articulation,  323 

Bacillary  layer  of  retina,  l»Ol 

^^H 

imrpo-mctHcarjml,  359 

-odontoid  joints  323 

Back,  musclee»  of,  fifth  laver,  4i 

^^H 

chondro-sternal,  3.34 

Atlas,  146 

first  layer,  428            '   J| 

^^H 

clofiMification  of,  314 

development  of,  153 

fourth  layer,  434           ^1 

^^H 

coet'V^eal,  339 

Atrabiliarv  ca|:isule9,  1137 

aecond  layer,  431           ^H 

^^H 

costocenlml,  330 

Atrium,  1088,  1091.  1119 

third  layer,  432             ^H 

^^H 

-IrantiVL'iNe,  331 

bunw (mientaliH, 974,  904, 1012, 

Ball-and-socket  joint.     8eefl| 

^^H 

ofi'utxtid  with  external  cunel- 

iUo2 

ihroiUa, 

^^H 

ibrra,  3ii4 

Attic,  917 

Bartholin,  duct  of,  948         ^J 

^^H 

of  cuneiform  with  each  other. 

AttoUens  an  rem  muscle,  394 

glandBof,  1165                   ^H 

^^H 

383 

A(trahen»  anrem  niugcle,  393 

Basal  ridge.  933               ^^^1 

^^H 

diflereut  kinds  of,  34 

Audilorv  artery,  927 

Base  of  bntiri,  784          ^^^H 

^^H 

elbow,  349 

eanair^H 

of  »kull,  208              ]^^^ 

^^H 

femoro-tibial,  368 

meatus,  external,  177 

external  surface,  2B^^B 

^^H 

in  geueral,  313 

internal,  177 

internal  surface,  208  ^^| 

^^H 

hip,  362 

nerve,  815 

Basement  mcnibranesi,  40  ^^^ 

^^H 

initnurable,  314 

sorjLiical  anatomy  of,  816 

Basi-hyal  of  hyoiil  buDev  227 

^^H 

knee,  3f>K 

process,  177 

Basilar  artery,'583 

^^H 

metat'arj>al,  3r>7 

veina,  1>27 

groove,  720,  721 

^^H 

nietacarpii-pbalangieal^  361 

vesicle,  124 

n  rem  bran  e  of  cocblcf^M^i 

^^H 

metaiar&al.  385 

Auride  of  ear,  912 

process  165                  vH^I 

^^H 

inettttarsn-phalangeai,  386 

cartilage  of,  912 

suture,  207                   ^^^^| 

^^H 

mixed,  31^"* 

ligaments  of,  913 

Basilic  vein,  663               ^^^1 

^^H 

movable,  31.') 

of  heart,  left,  1091 

median,  6G3                    ^^| 

^^H 

movemenia  of,  316 

appendix  of,  1091 

BasiH  verteHmnim  Tena^,  64H 

^^H 

naviculo-cuboid,  383 

Heptum,  1092 

Banhiii,  valve  of,  1033             %\ 

^^H 

-cuneifornu  383 

sinus  of,  1091 

Beaunin  et  Bouch&nl,  Talile  m 

^^1 

occipito-Jitlanial,  325 

right,  1088 

Development     of     FWtK 

^^H 

-axial,  32*> 

openings  in,  1088 

from,  141                               1 

^^H 

pelvis,  336 

septum  of,  1089 

Bellv-stalk,  U3                        M 

^^H 

with  apine,  33d 

Binna  of,  1088 

Bend  of  elbow,  5D3                ^H 

^^H 

phalanRCs,  362 

valves  in,  10K9 

Bice|>s  flexor  crurtfv,  518       ^H 

^^H 

pubic,  339 

Auricular  artery,  anterior,  559 

cubiU,  476                        ^H 

^^1 

radio-carpal,  356 

posterior,  557 

Bicipital  fascia,  476                ^H 

^^H 

-ulnar,  inferior*  366 

fifsjure,  179,  214 

groove,  248                          ^H 

^^H 

middle,  ZU 

lymphatic  glands,  G81 

ridges,  248                      ^^^1 

^^H 

superior,  353 

nerve  of  vagus,  821 

iub^n^iiity,  259              ^^^^| 

^^H 

sacro-coccygeal,  339 

posterior  from  facial,  813 

Bicuspid  teeth.  933          ^^^H 

^^V 

-Uiac,  337 

surface  of  sacrum,  157 

Biliary  ducts,  lim2,  1063             ^ 

^^B 

-flcittlic,  337,  3:i8 

veins,  anterior,  652 

Biventer  cervicis  ruiiiK!le.  4SI     i 

^^H 

-vertebfjil,  3;^6 

{>t>sterior,  653 

Bladder,  1139                         ^M 

^^H 

Bcapohi-claviiMilar^  343 
-111!  me  ml,  345 

Aurieularis  anterior  muscle,  393 

exstrophv  of,  ^9                ^H 

^^H 

ma^na  nerve,  831 

female,  1166                         ^H 

^^H 

shoulder,  315 

posterior  muf^-le,  394 

ligaments  of,  1 142               ^^| 

^^H 

gtcrno-davicular,  341 

Bu  peri  or  muscle,  394 

surface  form  of,  1144          ^^^ 

^^H 

of  stern  mil,  336 

Auriciilo-lemporal  nerve,  806 

surgical  anatomy  of^  1145 

^^H 

tarsjd.  3H(I 

Aurieulo-ventricular  groove  of 

trigone  of,  1144                   ^^J 

^^H 

tar»«>nie  til  tarsal,  384 

heart,  1087 

vessels  and  nerves  of,  I14^^H 

^^H 

temfw>rfwiinj£illary,  327 

opening,  left,  1092 
right.  1089 

BlastrMlermic  vesicle,  103     3H 

^^H 

tihio-fibular,  inferior,  376 

Blood,   circulation  of,  in   adolv 

^^H 

middle,  376 

Axes  of  thei»elvis,  282 

1087 

^^^ 

superior,  376 

Axilla,  587 

in  (bet  us,  1<K*7 

r 

of  tympanic  Uines,  918 

dissection  of.  466 

gsBCs  of,  37 

1 

vertehral  column,  319 

Rurgical  anatomy  of,  589 

general  composition  of^  3S^J 

wrj*»t,  356 

Axillary  artery,  589 

BioocUcells.  127                        ^1 

Articular  nerve,  842 

branches  of,  .i92 

Bloofj-corpuscles,  34                ^^| 

ArytieiitKepi^loltif  fultK  11^^ 

lymphatie  glands,  684 

BlrMxJ-crvstals,  37                     ^^| 

Arvtieuo-(?j)i^k>ttitleufi,    inferior, 

peculiarities  of,  590 

HliKKl-globuleK,  34                   ^H 

1107  ' 

space,  587 

BltxHl-idnquea,  3«                     ^^ 

Biiperi<*r,  1107 

Buriace- marking  of.  591 

Blood- vessels  of  brain.  67S          > 

A  rv  ten  old  cartilages,  1102 

Burgioftl  anatomv  of,  591 

Bochdalck,  cavitv,  1*55 

Inlands,  1108 

vein,  064 

gan^;lion  of,  H<>2,  K<>4 

musrle,  1106 

surgical  anatnmy  of»  <»65 

on   mnsiuilus  Trittrrn    iiltujini. 

ArytejioideuB  reetiiB,  1106 

Axis,  or  second  vertebm,  147 

1107,  n^                •«— • 

.^ 

^H 

m 

^ 

i^^^^l 

INDEX. 


1215 


Body  of  lateral  yentricle,  757 

perineal,  1164 

of  a  tooth,  932 

of  a  vertebra,  145 
Bone,  animal  constituent  of,  58 

apophysis  of,  144 

articular  lamella  of,  313 

canaliculi  of,  56 

cancellous  tissue  of,  54 

cells,  58 

chemical  analysis  of,  58 

compact  tissue  of,  54 

development  of,  59 

diploe  of,  144 

earthy  constituent  of,  59 

eminences  and  depressions  of, 
144 

epiphysis  of,  144 

frowth  of,  63 
[aversian  canals  of,  56 
systems  of,  56 

inorganic  constituent  of,  59 

lacunae  of,  58 

lamellae  of,  57 

lymphatics  of,  56 

marrow  of,  55 

medullary  canal  of,  54,  143 

membrane  of,  54 

microscopic  appearances,  55 

nerves  of,  55 

organic  constituent  of,  59 

ossific  centres,  number  of,  64 

ossification  of,  60 

periosteum  of,  54 

spongy  tissue  of,  143 

structure  of,  54 

vessels  of,  55 
Bones,  forms  of,  viz.  long,  flat, 
short,    mixed,    irregular, 
143 

number  of,  in  the  body,  143 
Bones  or  bone,  astragalus,  303 

atlas.  146 

axis,  147 

calcaneum,  299 

carpal,  262 

clavicle,  238 

coccyx,  159 

cranial,  164 

cuboid,  303 

cuneiform,  of  carpus,  264 
of  tarsus,  305 

descriptive  anatomy  of,  143 

ear,  916 

ethmoid,  185 

facial,  188 

femur,  284 

fibula,  297 

frontal,  170 

hand,  262 

humerus,  248 

hvoid,  227 

ilium,  272 

incus,  919 

inferior  maxillary,  201 
turbinated,  200 

innominate,  272 

ischium,  272,  275 

lachrymal,  195 

lesser  lachrymal,  195 

lingual,  227 

magnum,  266 

malar,  196 

malleus,  919 

maxillary,  inferior,  201 


Bones  or  bone,  maxillary,  supe- 
rior, 189 

metacarpal,  267 

metatarsal,  306 

nasal,  189 

navicular,  304 

occipital,  164 

palate,  197 

parietal,  168 

patella,  291 

pelvic,  279 

phalanges  of  foot,  308 
of  hand,  270 

pisiform,  264 

pubic,  277 

radius,  259 

ribs,  232 

sacrum,  155 

scaphoid,  262 

scapula,  242 

semilunar,  266 

sesamoid,  312 

sphenoid,  180 

sphenoidal,  spongy,  184 

stapes,  919 

sternum,  228 

superior  maxillary,  189 

tarsal,  299 

temporal,  173 

tibia,  293 

trapezium,  266 

trapezoid,  266 

triauetral,  188 

turbinate,  inferior,  200 
middle,  186 
superior,  187 

tympanic,  179 

ulna,  254 

unciform,  267 

vertebra  prominens,  149 

vertebrae,  cervical,  145 
dorsal,  149 
lumbar,  151 

vomer,  201 

Wormian,  188 
Bowman,  glands  of,  889 

sarcous  elements  of,  66 
Bowman's  capsule,  1129 
Brachial  artery,  593 
branches  of,  596 
peculiarities  of,  596 
surface  marking  of,  595 
surgical  anatomy  of,  595 

lymphatic  glands,  684 

plexus,  834 
surgical  anatomy  of,  844 

region,    anterior,  muscles    of, 
479,  481 
posterior,  muscles  of,  485 

veins,  664 
Brachialis  anticus  muscle,  477 
Brachio-cephalic    artery.      See 

InnomincUe. 
Brachiuin,  anterior,  743 

posterior,  743 
Brain,  706 

development  of,  120 

general  anatomy  of,  93 

membranes  and  dissection,  702 

subdivision  into  parts,  706         ; 
Branchial  clefts,  118 
Breasts,  1178 
Bregma,  208 
Brim  of  pelvis,  281 
Broad  ligament,  988 


Broad  ligament  of  liver,  1053 

of  uterus,  1169 
Broca,  area  of,  783 
Bronchi,  1110 

dorsal,  1110 

right  and  left,  1108,  1109 

septum  of,  1111 
in  lung,  1119 

subdivisions  of  according  to 
Aeby,  1119 

ventral,  1110 
Bronchial  arteries,  606,  1120 

lymphatic  glands,  692 

septum,  1111 

tunes.     See  Bronchi, 

veins,  668,  1120 
Bronchiole,  1119 
Bronchus,  accessory,  1110 

eparterial,  1108,  1109 

heart,  1110 

hyparterial,  1108,  1109 
Brunner's  glands,  1024 
Bubonocele,  1189 
Buccal  arteries,  562 

cavity,  930 
development  of,  133 

glands,  931 

lymphatic  glands,  681 

nerve  of  facial,  815 

of  inferior  maxillary,  806 
Buccinator  muscle,  402 
Bulb,  artery  of,  625 

of  corpus  cavernoeum,  1151 
spongiosum,  1152 

olfactory,  782,  788 

posterior  cornu,  758 

spinal  708 
Bulbi  vestibuli,  1166 
Bulbous  portion  of  the  urethra, 

1147 
Bundle  of  Vicq  d'Azyr,  748,  750 
Burdach's  column,  700 
Bursa  omental  is,  974,  981,  993 
Bursas  of  knee,  372 

mucosae,  314 

of  shoulder,  346 

synoviae.  314 
Bursal  synovial  membranes,  314 

C. 

Caeca,  types  of,  1031 

C»cum,  1030 

Calcanean  arteries,  external,  647 

internal,  647 
Calcaneo-astragaloid    ligaments, 

381 
Calcaneo-cuboid  ligaments,  381 
Calcaneo-navlcular      ligaments, 

382 
Calcaneum,  299 
Calcaneus  scriptorius,  724 
Calcar  avis,  758 
femorale,  289 
Calices  of  kidney,  1128 
Camper's  ligament     See  lYian- 
gular  Ligament  of  Urethra, 
Canals  or  canal,  accessory  pala- 
tine, 197 
alimentary,  929 
anal,  1038, 1040 
anterior,  for  Arnold's  nerve, 
178 
dental,  191 
palatine,  194 
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Canals  or  canal,  auditory,  914 

carotid,  178 

for  chorda  tympani,  916 
of  cochlea,  923 

centra],  of  modiolus,  923 

crural,  1197 

dental,  posterior,  190 

ethmoidal,  172 

Haversian,  of  bone,  56 

of  Huguier,  175 

incisive,  213 

inferior  dental,  203 

infraorbital,  191 

inguinal,  1185 

intestinal,  1008 

for     Jacobson's      (tympanic) 
nerve,  178 

lachrymal,  910 

of  modiolus,  923 

naso-palatine,  194 

of  Nuck,  1162,  1177 

of  Petit,  905 

palatine,  anterior,  194 
posterior,  191 

portal,  1057 

pterygo-palatine,  182 

sacral,  157 

of  Schlemm,  893 

semicircular,  922 

spermatic,  1185 

of  spinal  cord,  121 

spiral,  of  cochlea,  923 

of  Stilling,  903 

temporo-malar,  197 

for      tensor     tympani,     179, 
895 

vertebral,  162 

Vidian,  183 

of  Wirsung,  1070 
Canaliculi  of  bone,  58 
Canal  is  centralis  modioli,  924 

spiralis  modioli,  924 
Cancellous  tissue  of  bone,  53 
Canine  eminence,  190 

fossa,  190 

teeth,  933 
Canthi  of  eyelids,  907 
Capillaries.  82 

structure  of,  83 
Capitellum  of  humerus,  251 
Capsular  ligament  of  hip,  362 
of  knee,  368 
of  shoulder,  346 
of  thumb,  359 
of  vertehne,  321 
Capsule,  external,  of  brain,  759, 
7()0 

in  fretus,  124 

of  Glisson,  i>82,  992 

internal,  of  brain,  759,  760 

of  kidncv,  1128 

of  lens,  1)04 

of  Tenon,  890 
Capsules,  suprarenal,  1137 
Caput  cornu  posterioris,  700 

gallina^inis,  1146 
(  anlia,  999 
Cardiac  lymphatics,  692 

nerves,  871 

from  pneumogastric,  822 

plexus  of  nerves,  deep,  874 
superficial,  874 

veins,  677 
Cardinal  veins,  faHal,  131 
('arotid  artery,  common,  547 


Carotid  artery,  common,branche8 
of  (occasional),  549 
peculiarities  of,  549 
surface-marking  of,  549 
surgical  anatomy  of,  549 
external,  551 
branches  of,  552 
surface-marking  of,  551 
surgical  anatomy  of,  551 
internal,  565 
branches  of,  568 
peculiarities  of,  567 
surgical  anatomy  of,  568 
tubercle,  146 
branch  of  Vidian,  804 
canal,  178 
ganglion,  869 
groove,  181 
plexus,  869 

triangle,  anterior,  563 
inferior,  563 
superior,  564 
Carpal  arteries,  from  radial,  599 
from  ulnar,  603 
ligaments,  357 
Carpo-metacarpal    articulations, 

359 
Carpus,  262 

articulations  of,  357 
development  of,  271 
surface  form  of,  270 
surgical  anatomy  of,  271 
Cartilage,  articular,  52 
arytenoid,  1102 
of  auricle,  912 
of  bronchi,  1110 
cellular,  51 
costal,  52,  236 
cricoid,  1101 
cuneiform,  1102 
descriptive  anatomy  of,  51 
of  ear,  912,  914,  918 
ensiform,  228 
of  epiglottis,  1102 
fibro-,  52,  53 
hyaline.  51 

intercellular  substance  of.  51 
of  larynx,  1100 
of  the  nose.  885 
of  the  pinna,  912 
reticular,  53 
of  Santorini,  1102 
semilunar,  of  knee,  370 
of  septum  of  nose,  885 
structure  of,  52 
tarsal,  908 
temporarv,  54 
thvroid,  1200 
of"  trachea,  1110 
white  fibro-,  52 
of  Wrisberg,  1202 
yellow  clastic,  53 
xiphoid.  22S 
Cartilage-cells,  51 
Cartilage-lacuiue,  51 
Cartilagines  minores,  886 
Cartilago  triticca.  1103 
Caruncula  lachryinalis,  909 
Caruncuhc  niyrli  formes,  1165 
Cauda  ecjuina,  ()9.S 
(.'audate  lobe  of  liver,  1052 
Cava,  inferior,  673 

peculiarities  of,  674 
superior,  667 
Cavernous  body,  artery  of,  625 


Cavernous  groove,  1 81 
nerves  of  penis,  878 
plexus,  869 
sinus,  659 

nerves  in,  810 
surgical  anatomy  oC  659 
Cavity,  abdominal,  955,  959 
body,  955 
cotyloid,  278 
glenoid,  245 
pelvic,  955 
of  pelvis,  281 
pericardial,  955 
pericardio-thoracic,  955 
pleural,  955 
sigmoid,  256 
Cavum  Meckelii,  797 

Retzii,  1141 
Cells,  38 
of  bone,  58 
definition  of,  38 
division  of,  direct,  41 

indirect,  39 
ethmoidal.  186 
fusiform,  787 
hepatic  1060 
mastoid,  176 
mitral,  788 
polymorphous,  787 
prickle.  43 
pyramidal,  787 
reproduction  of,  40 
structure  of,  38 
wall,  41 
Cement  of  teeth.  941 
formation  <»f,  941 
Central  canal  of  cord,  698 
ganglionic  vessels  of  brain,' 
lobule,  729 
Centres  of  ossification,  63 
Centrifugal  nerve-fibres,  75 
;  Centripetal  nerve-fibres,  75 
Centrosomes,  40 
Centrum  ovale  majiis,  756 
minus,  7oo 
vertebra,  145 
Cephalic  vein,  (>3 

ujetlian,  (W>.S 
Cerato-hyal  of  liyoid  bone.  221 
Cerebellar  arteries,  anterior,  ck' 
inferior,  58,3 
superior,  583 
I      colunm,  700 
I      tract,  700 
'  direct,  710 

veins,  657 
Cerebellum,  725,  737 
gray  matter,  735-737 
cortical,  735  737 
peduncles,  inferior.  712 
middle.  720 
superior,  720 
weight  of.  725 
white  matter.  733-735 
Cerebral  arteries,  570 
anterior,  570 
middle,  572 
j)osterior,  583 
localizati(m,  789-791 
lymphatics,  682 
topography,  789-791 
veins,  656 
vesicles,  706 
Cerebro  spinal  axis,  693 
nerves,  69 
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Cerebro-spinal  systeni)  69 
Cerebrum,  706 

gray  matter  of,  73 
Cervical  artery,  ascending,  684 
superficial,  585 
fascia,  407 

ganglion,  inferior,  872 
middle,  872 
superior,  869 
lymphatic  glands,  deep,  684 

superficial,  684 
nerves,  828 
anterior  divisions  of,  830 
posterior  divisions  of,  828 
plexus,  831 
deep  branches  of,  833 
posterior  branches  of,  828 
superficial  branches  of,  831 
veins,  deep,  655 
vertebrae,  145 
« surgical  anatomy  of,  327 
Cervical  is  ascendens  muscle,  436 
Cervicis  princeps,  557 

profunda,  587 
Cervico-facial  nerve,  815 
Cervix  cornu  posterioris,  701 

uteri,  1171 
Chalice  cells,  43 
Chambers  of  the  eye,  903 
Check  ligaments,  326 
Cheek,  muscles  of,  401 
Cheeks,  structure  of,  931 
Chest,  muscles  of  front,  467 
of  side,  470 
surface  form  of,  236 
surgical  anatomy  of,  237 
Chiasma,  or  optic  commissure, 

793 
Chondro-glossus  muscle,  416 
Chondro-stemal  ligaments,  334 
Chondro-xiphoid  ligament,  334 
Chorda  dorsalis,  107,  116,  968 

tympani  nerve,  812,  921 
Chordae   tendinete,  of   left  ven- 
tricle, 1092 
of  right  ventricle,  1090 
vocales,  1105 
Willisii,  657 
Chorion,  112 

Choroid  arteries,  anterior,  673 
posterior,  584 
coat  of  eye,  894 
plexus,  766,  769,  770 
of  fourth  ventricle,  740 
of  lateral  recess,  740 
of  ventricle,  749 
,    veins  of  brain,  656 
Choroidal  fissure,  123 
Chyle,  38 

Chyli  receptaculum,  680 
Cilia,  or  eyelashes,  907 
Ciliary  arteries,  570,  906 
ganglion,  799 
muscle,  898 
nerves,  long,  799 

short,  800 
processes  of  eve,  895 
Cingnlura,  786, 933 
Circle  of  Willis,  584 
Circular  sinus,  660 
Circulation   of   blood   in  adult, 
1087 
in  foetus,  1097 
Circumanal  glands,  1040 
Circumduction,  322 

77 


Circumferential    fibro-cartilage, 

53 
Circumflex  artery  of  arm,  ante- 
rior, 593 
posterior,  593 
of  thigh,  external,  636 
internal,  636 

iliac  artery,  630 
superficial,  636 

nerve,  839 
surgical  anatomy  of,  844 

vein,  672 
superficial,  670 
Circumfiexus  palati  muscle,  422 
Circumvallate  papillse  of  tongue, 

880 
Clava,  711,  714,  715 
aavicle,  238 

development  of,  241 

fracture  of,  499 

peculiarities  in  sexes,  241 

surface  form  of,  241 

surgical  anatomy  of,  241 
Cleft  palate,  423 
Clinoid  processes,  anterior,  183 
middle,  180 
posterior,  181 
Clitoris,  1164 

frsenum  of,  1164 

lymphatics  of,  689 

muscles  of,  465,  1166 

prepuce  of,  1165 
Clivus,  181,  730 
Coccygeal  artery,  626 

gland,  617 

nerves,  858 
Coccygeus  muscle,  460 
Coccyx,  159 

development  of,  160 
Cochlea,  922 

aqueduct  of,  178 

arteries  of,  927 

central  axis  of,  923 

cupola  of,  923 

denticulate  lamina  of,  924 

infundibulum  of,  923 

lamina  spiralis  of,  923 

nerves  of,  928 

scalse  of,  924 

spiral  canal  of,  923 

veins  of,  928 
Cochlear  artery,  928 

nerve,  928 
Cochleariform  process,  179,  916 
Coeliac  axis,  610 

plexus,  876 
Colica  dextra  artery,  614 

media,  614 

sinistra,  614 
Collateral    branches    of   nerve- 
fibres,  70 

circulation.    See  SurgiecU  An- 
cUcmy  of  each  Artery, 

ulnaa  nerve,  843 
Collaterals,  700,  787 
Collecting     tubes     of     kidney, 

1130 
Col  lieu  1  us  nervi  optici,  898 

seminal  is,  1146 
Colon,  1035 

Colostrum  corpuscles,  1179 
Colotomy,  1046,  1047 
Columella  cochleae,  923 
Column  of  Bnrdach,  700 

cerebellar,  700 


Column,  Clarke's  vesicular,  of 
spinal  cord,  701 
ofGoll,700 
mixed  lateral,  700 
of  Morgagni,  1042 
vesicular,  of   anterior  cornu, 
701 
Columns  ani,  1042 
carneae  of  left  ventricle,  1093 
fomicis,  anterior  pillars,  761 

of  right  ventricle,  1090 
papillaries,  1090,  1093 
Columns  of  abdominal  ring,  1182 
of  spinal  cord,  697,  700 
antero-lateral,  697,  700 
posterolateral,  697,  700 
postero-median,  697,  700 
of  vagina^  1168 
Comes  nervi  ischiadic!  artery,  626 

phrenici  artery,  686 
Commissures  of  brain,  anterior, 
753,  762,  786 
middle  or  soft,  751 
posterior,  748 
of  Gudden,  793 
optic,  752 

of  spinal  cord,  697,  698 
gray,  698 
white,  697 
Common  ligaments  of  vertebrae, 
319 
dental  germ,  938 
Communicans  hypoglossi  nerve, 
833 
peronei,  865 
Communicating  artery  of  brain, 
anterior,  572 
posterior,  673 
from  dorsalis  pedis,  643 
ulnar,  604 
Compact  tissue  of  bone,  54,  143 
Complexus  muscle,  437 
Compressor  narium  minor,  399 
nasi,  399 

sacculi  laryngis,  1107 
urethrse,  464 
in  female,  1208 
Conarium,  748 

Conception,  where  eflfected,  100 
Concha,  912 

Condyles  of  bones.     See  Bones. 
Condyloid  articulations,  316 
process,  204 
veins,  posterior,  657 
Congenital  fissures  in  cranium, 
188 
hernia,  1189 
Conglobate  glands,  679 
Com  vasculosi,  1042 
Conjoined  tendon  of  internal  ob- 
lique   and    transversalis, 
451,  1184 
Conjunctiva,  908 
Connecting  fibro-cartilages,  63 
Connective  tissue,  46 
development  of,  48 
lymphatics  of,  48 
lymphoid,  48 
mucoid,  48 
nerves  of,  48 
retiform,  48 
Conoid  ligament,  344 

tubercle,  239 
Constrictor  inferior  muscle,  419 
isthmi  faucium,  420 


H              ^^^^" 

^^        INDEX. 

^^H 

■                Constrictor  mfdUis  muscle,  420     |  Corpora geniculat*n,  external, 743, 

Cranial  nerve» :  fotirllC7^^| 

■                    superior  itniscle,  420 

744,  746 

ninth,  816                       ^H 

1                      urethne,  4(14 

internal,  743,  744,  746 

second,  793                     ^^| 

1                 Contenli!  of  iibdoinen,  959,  999 

in  ami!  1  aria,  750 

seventh,  H\l                  ^H 

I                 tVjiUractile  fibre-cells^  68 

nundrigemina,  743 
lliird  vent  rid e»  751 

fiixth,  810                 ^^^M 

1                 (biiiisi  lerrainalm,  693 

tenth,  819               ^^^H 

^^_           Con  vol  lit  ion  A^  772,  773 

veins  of,  657 

Urird,  794                ^^H 

^^B              angi]lar,  777 

Corpns  callcjsum,  753,  772,  786 

twelfth,  823            ^^^H 

^^1              annectant,  777,  779 

fimbriiitum,  763,  768 

sutures.,  2Ua                ^^^^^| 

^^B            frontal,  775 

genu  of,  756,  758 

Cranium,  164                        ^^H 

^^H                 ascending,  775 

peduncles  of,  757 

congenital  fisBUres  in,  ll^H 

^^H                 inferior,  775.  776 

rostrum  of,  756 

developnient  of,  IST        ^^| 

^^H                superior,  775,  776 

Bplenium  of,  757 

lymphatics  of«  682             ^| 

^^B             hippac^nipal,  781 

caver noaum,  artery  of,  525 

Cremaster  muscle,  452         ^^ 

^^^H              iiilVac^iktirine,  780 

dentatum  of  cerel>ellum,  737 

formation  of,  1 1 84 

^^H             iimrgiiiul,  780 

fimbriatunj,  759 

Cremasteric  arterv,  629 

^^B            occipital,  777 

Highnioriannni,  1167 

fitscitt,  452 

^^H             orbital,  775 

spongiosum,  1152 

Crescents  of  Ciianiiixi,,  948 

^^H             parietal,  770,  777 

striatuui,  759 

Cr«£i,  frontal,  171 

^^H                n^ct'oding,  77t3,  777 

Corpuscles,  blood-,  34 

of  iljuui,  272 

^^H                 Bupertor^  777 

colored,  34 

lachrvctial,  195 

^^H             supminurgiiml,  777 

development  of,  126 

nasai;  189 

^^m             temponil/  77H,  77t>,  781 

of  IIerb*^t,  77 

occipital,  164 

^^H           CoractwicToniial  ligament,  H44 

Maloighian,  of  kidney,  1129 
of  Piirkinje,  736 

internal,   l»ifj 

^^H          C4)ract:i-brucbialiH  nuiHcle,  476 

Bupra-Tiitibtclid,  174 

^H             nerve,  H37,  839 

of  wpleen,  lt)80 

tt]rbinate<l,   of  f^alale,  198 

^^H          Ck>raco^4aviciilar  ligament,  343 

tactile,  76 

of  pubes*  277 

^^H         C^raeo-biimeral  ligament,  346 

of  Vater.  77,  ntHe. 

of  the   superior  ni^ixilUff! 

^^M          Coracuid  ligament,  345 

white,  35 

192                                _^ 

^^H             process,  245 

Corru gator  cutis  ani,  458,  1040 

of  tibia,  20:^,  294           ^M 

^^M                 fracture  of,  500 

Bupercilii  muscle,  395 

Crihriform  fh^^^ia,  1193        ^H 

^^H         Cord ,  5 perm» tic,  11 55 

Cor»et4iver,  1053 

plate  of  ethrn«»id,  185       ^^ 
Criet>-ar>tenoicJ  ligament,  1104 

^^H               nmbilK^I,  115 

Cortex  of  heu]i8phere&,  786 

^H          Corde,  vooil,  1103,  lia5 

laverB,  787 

Crico-arytenrvideuii             latea^lil 

^^H         Cardiform  tendon  of  dtRphragm, 

white  centre,  787 

mn«cde,  1106 

^m      .  .  ^^    . 

C^jni,  membrane  of,  924 

Crieo-tlivro-arvtenoid    li«iDent 

^^H         Corium  of  skin^  89 

organ  of,  925 
mis  of,  925 

1103      ' 

^H             of  tongue,  880 
^H          0>me&,  892 

Crko-ibyroid  artery,  31^ 

Cortical  arebc:'h\  1129 

ligament.  1104*                .^m 

^^H          Corneal  corpntK'les,  893 

arteries  «»f  bniin,  574 

membrane,  1103             ^H 

^^m              Htmoea,  893 

column^  1129 

muscle,   1 105                   ^^| 

^^H         Comn  Amnion  18.  7fi3 

Bubstanre  of  kidney,  1129 

Crico-traibeal  ligrkrnent,  II8^| 

^^H                 fnrmiition  of,  788 

of  suprarenal  ea|>Hule8, 1 138 

Cricoid  cartilage,  lim           ^^ 

^^^B             lateral  ventridb'ts  u  uteri  or,  768 

Costal  eartilagefi,  52,  236 

Crista  falciform ia,  177,  Vr28 

^^^^^^               deAcvnding,  758 

conneciiij^n  wiib  rilMi,  334 

gall!,  185,  208 

^^^^^K              middle,  758 

prt>ceji«,  146 

pnbiK,  277 

^^^^^f              posterior,  758 

vertebral  ligaments,  330 

terniinaliii,  1089 

^^^^^  Comnaof  tbe  roccyx,  159 

CoBto-ehrondral  artiLulalion,  335 

veitibuli,  921                              ' 

^^H               of  broid  bmiLs  227 

Coeto-clavieular  ligauient.  341 

CVosBed  pyramidal  tmci,  710 

^^H              of  lateral  vemriele^,  755 

Coato-colic  ligament.  1077 

Crown  of  a  t^iotb,  933 

^^H                  mxlLiiu,  760 

Costo-coraeoid  faAtria,  468 

Cnjcial  anastomoi^^8^  (VSft 

^^H              of  the  i^acrum,  156 

ligament,  4^i'^ 

ligaments  of  knee.  369 

^^H          0>rona  glaudis,  1150 

Coeto-phrenic  «inuB,  1114 

Cruciform  I i lament,  :i24 

^^1              radialA.  785 

Costo-trang  verse      articulations. 

Crura  of  corpora  cavemoea,  llSlI 

^^H          Corcinal  HUtiirCt  'iOfl 

331 

of  diaphragm,  44*> 

^^B          Coronari;!  veutrienii  nrteryi  611 

Costo-vertebral  articnlatiooR,  330 

of  fomicia,   priiitertor  pillars 

^^H          Coronary  arleriet^  of  lip,  556 

Cotunnius,  nerve  ut,  805 

761 

^^H                 of  beart,  -542 

Cotyloid  cavity,  278 

Crnral  arch.  450,  1195 

^^^                       pei'uliarities  of,  543 

ligament,  364 

deep* 457,  1197 

W                      ligament,  979,  9S1,  988 

notch,  278 

canal,  1197 

|^_^                 of  liver,  1053 

Coverings  of  dircM^t  inguinal  her- 

nerve, anterior,  855 

^^H              ligaments  of  knee,  371 

nia,  1190 

t^urgieal  anatomv  d^  306 

^^V              plextjis,  anterior,  875 

of  femoral  liemia,  1199 

ring,  1198               '                   i 

W                       |j<>8terior,  874 

of  oldiipie,  1187 

sheath,  1196                 ^^^H 

f                      sinus.  677 

of  testis,  1156 

Beptnm.  1198               ^^^H 

opening  of,  1088 

Cowpers  glands,  1 150,  1205 

Crureua  m  uncle,  510        ^^^^| 

valve,  678,  10^0 

Cranial  bone*'.  163 

Crus  cerebri,  740,  742          ^H 

Coronoid  depression,  251 

Articulations  of,  208 

penis,  1151                    ^^^^| 

proo.'**!  of  jiiw,  204 

fOflBBP,  208 

CruHta,  741,  742,  785      ^^^H 

of  ulna.  254 

nerveft,  792 

petrosti  of  !♦** «'»    **M*;  ^^^^B] 

Corpora  albicantin,  750 

development  of^  117 

Cryptorchisnn 

Arantii,  1091 

eiglitb,  815 

Crvpis    of     \a-              .n.     Uttlii 

cavernosa  peniB,  1151 

eleventh,  82:i 

1029                              WM 

crura  of,  1151 

fifth,  796 

Crvstalline  len.<i,  904             ^| 

geniculata^  743 

first  pair,  792 

Crvstals,  blood,  37          ^^^H 
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Cuboid  bone,  303 
Cul-de-sac  of  Douglas,  981 
Culmen,  730 

Cuneiform  bone,  foot,  external, 
306 
internal,  305 
middle,  305 
hand,  264 
cartilages,  1102 
Cupola  of  cochlea,  923 
Curvatures  of  the  spine,  161 
Curves  of  rectum,  1039 
Cuspidate  teeth,  933 
Cutaneous  branches  of  acoeasory 
obturator,  855 
of  anterior  tibial  nerve,  865 
of  arm,  musculo-cutaneous, 
839 
internal,  839 
lesser  internal,  840 
of  buttock  and  thigh,  862 
of  cervical  plexus,  831 
of  circumflex,  839 
of  dorsal  nerve  of  penis,  861 
of  dorsal  nerves,  848 
of  external  popliteal,  865 
of  ilio-hypogastric,  851 
of  ilio-inguiiial,  851 
of    inferior    hsemorrhoidal 

nerve,  861 
of  inguinal  region,  1193 
of  intercostal  nerves,  848 
of  internal  popliteal,  863 
of  ischio-rectaJ  region,  1201 

from  obturator,  854 
of  lesser  sciatic  nerve,  862 
of  lumbar  nerves,  849 
of  median,  841 
of  muHculo-spiral,  844 
of  patella,  856 
of  perineal  nerve,  861 
of  plantar  nerve,  864 
of  posterior  tibial,  863 
of  radial,  844 
of  sacral  nerves,  857 
of  thigh,  external,  852 
internal,  856 
middle,  856 
of  ulnar  nerve,  842 
Cuticle  of  skin,  89 
Cuticula  dentis,  940 
Cutis  vera,  91 
Cuvier,  ducts  of,  131 
Cystic  artery,  611 
duct,  1064,  1065 
valve  of,  1065 
plexus  of  nerves,  877 
veins,  677 

D. 

Dartos,  1154 
Decidua,  114 

reflex  a,  114 

serotina,  114 

vera,  114 
Deciduous  teeth,  932 
Declive,  730 
Decussation  of  fillet,  719 

of  optic  nerves,  794 

of  pyramids,  710 
Deep  crural  arch.  457,  1197 

palmar  arch,  598 

perine;:l  fascia,  463,  1204 
Deferent  artery,  622 


Deglutition,  actions  of,  423 
Deltoid  aponeurosis,  471 

muscle,  471 

tubercle,  239 
Demilunes  of  Heidenhain,  948 
D^mours,  membrane  of,  892 
Dendrites,  70,  737,  787,  788 
Dental  artery,  anterior,  562 
inferior,  561 
posterior,  562 

canal,  anterior,  191 
inferior,  203 
posterior,  190 

furrow,  938 

germ,  common,  938 
special,  939 

CTOove,  938 

Sunina,  938 

nerves,  anterior,  802 
inferior,  807 
middle,  802 
posterior,  802 

pulp,  935 

ridges.  938 

sacs,  940 

tubuli,  936 

vein,  inferior,  653 
Dentate  nucleus,  710, 717 
Denticulate  lamina  of  cochlea, 

924 
Dentinal  sac,  942 

sheath,  937 
Dentine,  935 

formation  of,  941 
Depressions      of      Pacchionian 

bodies,  169 
Depressor  alse  nasi,  399 

anguli  oris,  401 

epiglottidis,  1107 

labii  inferioris,  401 
Derma,  or  true  skin,  91 
Descemet,  membrane  of,  892 
Descendens,    hypoglossi    nerve, 

825 
Descending  aorta,  605 

colon,  1035 

oblique   muscle  of   abdomen, 
448 
Descent  of  testicle,  1161 
Development  of  alimentary  canal 
and  its  appendages,  132 

arteries,  128 

atlas,  153 

axis,  154 

bone,  59 

carpus,  271 

clavicle,  241 

coccyx,  160 

cranium,  117,  187 

ear,  124 

ethmoid,  187 

eve,  122 

face,  117 

femur,  290 

fibula,  298 

foot,  308 

frontal  bone,  173 

genital  organs,  137 

han<l,  271 

heart,  126 

humerus,  252 

hyoid  bone,  227 

inferior  turbinated  bone,  200 

lachrymal  bone,  196 

lens,  122 


Development  of  lower  jaw,  204 

lumbar  vertebrs,  152 

malar  bone,  197 

mammse,  125 

metacarpus,  272 

metatarsus,  309 

muscles,  126 

nasal  bone,  189 

nervous  centres,  120 

nose,  125 

occipital  bone,  167 

06  innominatum,  278 

Organs,  Chronological  Table 
of,  141 

palate,  119 
bone,  199 

parietal  bone,  170 

patella,  292 

peritoneum,  967 

permanent  teeth,  942 

phalanges  of  foot,  309 
of  hand,  272 

radius.  260 

ribs,  235 

sacrum,  158 

scapula,  246 

seventh  cervical,  154 

skin,  125 

sphenoid,  184 

spine,  115 

sternum,  231 

superior  maxillary  bone,  194 

tarsus,  308 

temporal  bone,  179 

temporary  teeth,  938 

tibia,  296 

ulna,  258 

veins,  130 

vertebrae,  152 

vomer,  201 

Wormian,  188 
Diameters  of  pelvis,  280 
I  Diaphragm,  444,  995 
;      development  of,  134 
I      lymphatics  of,  692 
I  Diaphysis,  64 
!  Diarthrosis,  315 
Digastric  fossa,  176 

muscle.  413 

nerve,  from  facial,  813 
Digestion,  organs  of,  930 
Digital  arteries  from  plantar,  647 
from  ulnar,  604 

fossa,  285,  1156 

nerves,  from  median,  841 
from  radial,  844 
from  ulnar,  842 
Dilatator  naris,  anterior,  399 

posterior,  399 
Diploe,  144 

veins  of,  655 
Direct  inguinal  hernia,  1189 
course  of,  1190 
coverings  of,  1190 

pyramidal  tract,  710 
Discus  proligerus,  100,  1177 
Disks,  blood,  36 

Dissection  of  abdominal  muscles, 
447 

arm,  475 

auricular  region,  393 

axilla,  466 

back,  428 

epicranial  region,  391 

eye,  894 


^M                    ^^^* 

'              INDEX.                ^ 

^m 

^^^1           Di8t^c(iou  of  fnc>e,  394 

Ductft  or  duel  of  PuTier,  131 

Elbow,  surfiir^  form  of,  S^ 

^^H               feiiioml  herniii,  IVJO 

cVRlic,  1064,  HH>5 

BUrgic^l  anatomy  of,  35:^ 

^^m               foot,  528 

ejaculatory,  llt>0 

vessels  and  tierVes  of^  351 

^^^B              forearm,  478 

galarto|diorous,  1179 

Eleidin.  »0 

^^H               dutenl  region,  f)I4 
^^H               hani],  4^S9 

of  gall-bladder,  1805 

Eleventh  nerve,  823 

of  Gartner,  139 

surgical  anatortiy  of,  ft23 

^^^^^        beart,  Mi  uurlcle.  1091 

hepatic,  1057,  1063 

Embryo,  tin>t  rudiments  of,  lOfl 

^^^^H           i  eft  ren  t  rid  e,  1 092 

of  kidney.  1134 

Eminence   of    aqiiieduclii»  Fa 

^^^^^B           ri^hl  n  11  r tele,  108$ 

lactiferous,  1179 

lopii,   917                        1 

^^^^^            Ti^ht  ventrirle,  1089 

lymphatics,  081 

canine,  190                         ^^B 

^^^H               hernia,  lectiural,  1  ll^l 

nairni,  911 

frontal,  171                        ^H 

^^^1                   JDgiiinul,  1 1  Hi} 

of  panerens,  1070 

ilio-pectitieal,  277           ^^| 

^^H               iHae  re<;it>n^  *i03 

parotid,  1*45 
Kivini.  948 

nusul,  171                            ^H 

^^^B               inferior  maxillary  region^  400 

parietal,  16S                      ^^ 

^^^H              infraliyniti  region,  411 

Bcminal,  1 160 

Eminences;    and    deprt*i«icxii  m 

^^H               inguinal  hernia,  UNO 

Stenson '«,  946 

bones,   144                        " 

^^^H              interiiiiixiilary  region,  401 

thonicic,  680 

Eminentia  aj-ticularis,  171 

^^^B              ischio-recial  region^  1201 

viteliiue,  907,  970 

cinerea,  724 

^H              ]eg,r>20 

WiiartonX  947 

col  lateralis,  751*,  7<>5        ^H 

^^^H              lifigiml  region,  415 

Duct  lens  glands : 

Emi^^ry  veins,  6f»l             ^H 

^^m              neck,  406 

spleen,  1073 

Enamel  epithelium,  940     ^\ 

^^H               orbit,  396 

snpra  renal  eajwule,  1137 

germ,  939                                    J 

^^^H              palatal  region,  421 

thy  rf  lid,  1122 

neck  uf.  939                         _^| 

^^H               pnlm  of  lianil,  490 

thymus,  U24 

organ,  939,  940                  ^H 

^^H              palpebral  rc'gion^  394 

Ductus"  arterimus,  540,  1097 

pulp,  940                       ^^^H 

^^^B               pnncrea»,  1067 

how    obliterated    in    fcetus, 

of  teeth,  937               ^^^H 

^^^H              (tet^toral  region,  466 

1099 

forniation  of,  MO^^^^f 

^^H               perineum,  1201 

cholediM'hns,  1064 

Enarthrot^is,  317             ^^^^B 

^^^H               phiirynx.  419 

endolyniphaticus,  921,  926 

Encepbalon,  706                    ^^| 

^^^B               ptcrvgoid  nntsrles^  404 

pun  creations,  107ii 

weight  of,  789                       ^1 

^^H               mdi'nl  region,  4 S3 

»t*ce«»oriuft,  1070 

End4mlb«  of  Krauae,  7G 

^^1              scalp,  391 

Bivinl,  948 

End -platen,  modirial.  of  Kvlw 

^H              t»o]e  of  foot,  529 

Bantorini,  1070 

78 

^^H               spinal   eord   and    mcTtjbranes^ 

venoNUs,  Arantii,  1050 

Kndolynijdi.  927 

^H 

bow  obliteniled,  1099 

Endomy.sium,  65 

^^^B              f^nprnhyold  region,  413 

DucMlenril  f^^e,  994 

Endonetirisin,  74 

^^^1               tempo  ml  muscle,  403                  > 

glands^,  1024 

Endothelium,  44 

^^B               llii^b,  bark  of.  5 ] 8 

loop,  969 

Enfliform  ap|>endix,  228 

^^H                   front  of,  50') 

Duodeno-jejnnal  flexure,  1O08 

Entoderm,  104 

^^^t                   inner  Hide  of,  51 1 

fossa,  995 

E|>encephab>n,  70G 

^^K           Divi'rtiaihim,  Vateri,  1070 

Duodenum,  1008 

E|>endvmft,  755 

^^H          DiviHion  of  i>e\U,  39 

fixation  of,  1018 

Epibluk,  104                                   ' 

^^^B                  (l!rt?el,  41 

relations  of,  1011,  1014 

EpitierniiA,  developmenl  ot^  19$ 

^^^H                  indirect,  41 

typeft  of,  1009 

structure  of,  89 

^^^B          Dorsul  iirtery  of  j^ienis,  624 

Dum  nittier  of  ctird,  693 

Epitlidyiuis,  1159 

^^^B              nerve  of  fieni^,  Stil 

peculiarities  of,  693 

development  of,  125 

^^H             Dcrve«^  845 

Epigastric  artery,  deep,  $29 

^^^B                 anterior  divitiionK  of,  840 

E. 

peculiarities,  6:i0 

^^H                  peculiar,  848 

relation     to     femoml    riitf^ 
1198 

^^H                   pofiterior  divisions  of,  845 

Ear.  912 

^^^1                    rootH  of,  845 

arteries  of,  915,  920,  927 

with  internal  ring,  1186 

^^^■^              vein  of  penis,  673 

audi  tor  V  canttl,  914 

superficial,  636 

^^^B               vertebral',  149 

cochlea*,  922 

superior,  587 

^^^B                   pei-iiliar,  K51 

internal,  or  labyrinth|  921 
Diem  bran  on  b  labyrinth,  926 

plexus,  875 

^^H          I>or>Miles  pollieis  arteries,  600 

region,  955                   ^^^^Mi 

^^H           Borsalis  chonln,  {H\H 

muscles  of  auricle,  913 

672                      ^^^1 

^^^B              balluciH  artery,  644 

of  lympanutn,  918 
Oflsicuiaof,  918 

superficial,  670        ^^^^1 

^^H               indieitft,  600 

Epigastrium,  900                   ^H 

^^^B               lingua*,  553 

pinna^  or  auricle  of,  912 
eemicnreular  (^anal^,  922 

Epiglottic  glands,  1108         ^^ 

^^H               p^jis,  643 

Epiglottis,  Utri                            1 

^^^B                    brand le**  of,  644 

surface  form  of,  915 

tul^rcle  or  cushion  of  1102    1 

W                           peculiarities  of,  043 

Burgieal  ansitoniy  of,  928 

Epimyftium,  65 

*                           surface  marking  of,  643 

tympanuni,  916 

Epiuenriuni,  74 

anrgicnl  anatomy  of,  643 

vetilibule,  921 

Epiphysial  cartila^t\  04              i 

8capnla\  592 

Earihv  nmstituents  of  bone»  69 

Epiplividts,  64,  144 

Dor«i-lunihar  nerve,  849 

Ectoderm,  104 

cerebri,  718 

Dorsi-spinal  veins^  t'>*'*^ 

Effi^renl  n erven,  75 

Epithelial  floor  of  ventricle,  76i| 

Dorsum  of  Ht?apnla,  243 

Eighth  nerve,  815 

fthcaib  of  Ilertw^ig,  941 

epbippii  or  sella*,  181 

surgical  anatrmiy  of,  816 

wall  of  descending  como,  TfiSfi 

DougliL^,  pouch  oi;  OKI,  988 

Ejacnlator  seminis  muscle,  461 

Epithelium,  41 

Rem i lunar  fob!  of,  455 

l^ja CI  1 1  at ory  ducts,  1 1 1 lO 

ciliated,  43                                   1 

I>uct»  i^T  dnt-t,  of  Bartholin,  948 

ElrLstic  lamiim  of  cornea,  893 

c<jUimnar,  43                              J 

biliary,  10»>2,  Km3 

Elbfiw,  ana^iiomosea  around,  597 

enamel  1>40                ^^^^H 

common  bile-,  1004 

bend  of.  593 

external,  940          ^^^^H 

of  Cow  leer's  glande,  1147 

joint,  349 

internal,  940           ^^^^H 

INDEX. 
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Epithelium  pavement,  42 
spheroidal   or  glandular,   43. 

See  Various  Organs 
stratified,  44 
Epoophoron,  1177 
Erectile  tissue  of  penis,  1151 

its  structure,  1151 
Erector  clitoridis,  465 
penis,  462 
spinae,  434 
Eruption  of  the  teeth,  942 
Errthroblasts,  55 
Ethmo-frontal  suture,  208 
Ethmo-sphenoidal  suture,  208 
Ethmoid  bone,  185 

articulations  of,  187 
cribriform  plate  of,  185 
development  of,  187 
lateral  masses  of,  186 
OS  planum  of,  186 
perpendicular  plate  of,  186 
unciform  process  of,  186 
Ethmoidal  arterj,  569 
canal,  anterior,  172 

posterior,  172 
cells,  186 
notch,  172,  180 
process  of  inferior  turbinated, 

200 
spine,  180 
Eustachian  tube,  179,  917 
surgical  anatomy  of,  952 
valve,  1089 

in  foetal  heart,  1096 
Excretory    apparatus    of   liver, 

1063 
Expiration,  muscles  of,  444 
Exstrophy  of  bladder,  959 
Extensor  brevis  digitorum  mus- 
cle, 530 
carpi  radialis  brevior,  484 
longior,  484 
ulnaris,  486 
coccygis,  438 
communis  digitorum  (hand), 

485 
indicis,  488 

longus  digitorum  (foot),  521 
minimi  digiti,  483 
ossis  metacarpi  pollicis,  486 
proprius  hallucis,  521 
pollicis,  488 
External   abdominal   ring,   457, 
1182 
annular  ligament,  529 
and    inferior    frontal    artery, 

572 
inguinal  hernia,  1186 
orbital  foramina,  183 
pterygoid  plate,  183 
spermatic  fascia,  1 182 
sphincter  ani,  458 
Extrinsic  muscles  of  tongue,  417 
Eye,  890 
appendages  of,  907 
aqueous  humors  of,  903 
chambers  of,  903 
ciliary  muscle,  898 
processes  of,  895 
choroid,  894 
conjunctiva,  908 
cornea,  892 
crystalline  lens,  904 
elastica  lamina  of  cornea,  893 
hyaloid  membrane,  903 


Eye,  humors  of,  903 

iris,  896 

Jacob's  membrane,  901 

merobrana  pupil  laris,  898 

pupil  of,  896 

retina,  898 

sclerotic,  891 

surgical  anatomy  of.  905 

tunics  of,  890 

uvea  of,  896 

vessels  of  globe  of,  905 

vitreous  humors  of,  903 
Eyeball,  muscles  of,  396 

nerves  of,  905 

vessels  of,  905 
Eyebrows,  907 
Eyelashes,  907 
Eyelids,  907 

cartilages  or  plates  of,  908 

Meibomian  glands  of,  908 

muscles  of,  390 

tarsal  ligament  of,  908 
Eye-teeth,  932 


Face,  arteries  of,  554 
bones  of,  163,  188 

development  of,  117 
lymphatics  of,  682 
muscles  of,  390 
nerves  of,  811 
veins  of,  650 
Facial  artery,  554 

peculiarities  of,  556 
surgical  anatomy  of,  556 
transverse,  559 
bones,  188 
nerve,  811 

surgical  anatomy  of,  815 
vein,  652 
surgical  anatomy  of,  652 
Falciform  ligament  of  liver,  971, 
1053 
process  of  fascia  lata,  508 
Fallopian  tubes,  1174 
development  of,  138 
fimbriated  extremity  of,  1174 
lymphatics  of,  689 
nerves  of,  1178 
structure  of,  1174 
vessels  of,  1178 
False  ligaments  of  bladder,  1143 
pelvis,  280 
ribs,  232 
Fangs  of  teeth,  932 
Fascia,  anal,  1210 
dentata,  763,  765 
Fasciae  of  arm,  475 
cervical,  deep,  407 

superficial,  407 
of  Colles.  460 
costo-coracoid,  468 
of  cranial  region,  391 
cremasteric,  452 
cribriform,  1193 
deep,  390 
dorsal,  of  foot,  530 
fibro-areolar,  its  structure,  389 
general   description   of,  388 
piac,  503 

infundibuliform,  1186 
intercolumnar,  452,  1182 
intercostal,  441 
intermuscular,  of  arm,  475 


Fascise,   intermuscular,   of  foot, 
529 
ischio-rectal,  1210 
lata,  1193 

falciform  process  of,  1194 

iliac  portion,  508,  1193 

pubic  portion,  508,  1194 
of  leg,  521 

deep  transverse,  524 
lumborum,  433 
of  mamma,  465 
masseteric,  403 
of  neck,  406 
obturator,  1209 
palmar,  490 
parotid,  403,  408 
pelvic,  1209 
perineal,  deep,  1204 

superficial,  1204 
plantar,  529 

of  foot,  529 

of  forearm,  478 

of  hand,  490 
propria    of    femoral    hernia 

1191 
recto- vesical,  1210 
Slier matic,  450,  1182 
superficial,  389 

of  inguinal  region,  1180 

of  ischio-rectal  region,  1201 

of  thigh,  506 
temporal,  403 

of  thigh,  deep,  506 
superficial,  506 

of  thorax,  441,  466 
visceral  layer  of  pelvic,  121 
Fasciculus,  700 

longitudinal,  inferior,  786 

superior,  786 
perpendicular,  786 
ofTurck,  700 
uncinate,  786 
Fasciola  cinerea,  765 
Fat,  50 
Fat-cells,  50 
Fauces,  isthmus  of,  944 
Fecundation  of  ovum,  107 
Female  organs  of  generation  : 
bulbi  vestibuli,  1166 
carunculse  my rti  formes,  1165 
clitoris,  1164 
development  of,  138 
fossa  navicularis,  1164 
glands  of  Bartholin,  1165 
hymen,  1165 
labia  majora,  1 163 

minora,  1164 
nymphae,  1164 
uterus,  1167 
vagina,  1166 
vestibule,  1165 
Femoral  artery,  630 

branches  of,  635 

common,  631 

deep,  635 

peculiarities  of,  633 

superficial,  632 

surface  marking  of,  633 

surgical  anatomy  of,  633 
or  crural  canal,  1 198 

variation  in  size  of,  accord- 
ing  to   position   of  limb, 
1198 
cutaneous  nerve,  862 
hernia,  complete,  1200 


^ 

INDEX. 

^^M 

^^^K         Feiuonil    hem  in,   coverings   off 

Fibula,  fracture  of,  with  dial  oca-  1 

Flexor  Iod^us  haJliict^Qll^l 

^H 

tion  of  the  tibia,  538 

^^1                de^c^ntof,  1199 

surface  form  of,  299 

ossi  metacarpi  {^Mrdlida,  491 

^^^^^          dUs«Ltioii  off  1191 

Fibular  region,  muscles  of^  527 

Flexure,  dur»deno-Jejuml,  100 

^^^^^L             incomplete,  llyft 
^^^^y            seat  of  stricture,  1200 

Fifth  nerve,  79G 

hepatic,  1035 

surface  marking  of,  809 

aigmoid,  1036,  1044 
splenic,  10:3t> 

^^^^^^              siurgiLml  atiau>my  of^  1191 

surgical  autitomy  of,  809 

^^^1             position  of  !^urn>undiiig  purt^, 

Filiforni  paijillsB  of  tongue,  880 

Floating  ribs,  232 

^H 

Fillet,  718,  742,  743 

Flocculus,  782 

^^^H             reg)')Ti,   miiiK-le^    of,  tttiierior, 

Filum  terminate  of  cord,  t»93, 695 

Flood's  ligauieiit,  346 

^H 

Fimbriip  of  Fallopian  tube,  1174 

Floor,    epithelial^    of  TcflliMl 

^^H                  internal,  '"^ll 

First  nerve,  792 

im 

^^^H                  posterior,  518 

surgical  anatomy  of,  793 

of  fourth    ventricle,  7tl,  73 

^^1              rin^p  119S 

Fbaura  prima,  783 

723 

^^1              iibealh,  1196 

Fiaaure   or   Fissures,    auricular, 

of  ihinl  ventricle,  74o^  750 

^^M             spur,  289 

179 

Fluids  of  the  bod T,  33 

^^H             vein,  672 

hrain,  772 

Fcetus,  circulation  in.  1097 

^^^B                 relation    of    fetitornl    riu^, 

C4ilcarinc,  779 

Eustachian  valve  in,  1096 

^H 

callo8o-niargina1,  778 

foramen  ovale  in,  12JS*  30W5 

^^H          Femur,  284 

cerebellum,  727-733 

liver    of,     dts^tribtiltoD   of  il 

^^^H              nrtieulalionii  of,  290 

inl4.rlo!>ular,  727,  728 

vessels,  1097                       1 

^^^H              att.*u'liinent  of  iiuisoles  to,  290 

collateral,  765,  779 

ovaries  in,  I'AH                          • 

^^H              cx>nilyle.s  uf.  2><S 

congenital,  in  cranium,  188 

vascular  »vsteni   in,  peculttfl 

^^^m             devi^lopmenL  of,  l!W 

dentate,  779 

lies,  1097                             ; 

^^H              fractu  re  of,  a  bo  v  e  con  dy  1  es,  53  7 

of  ductus  venosus,  1051 

Fold  of  Doti^Has,  455 

^^^B                 below  trochanter!^  537 

frontal,  inferior,  791 

Foldfi,  aryteno^epigloUic,  IIOI 

^^m             head  of,  284 

superior,  791 

genital,  140 

^H              neck  of,  294 

Glaserian,  175,916 

of  Houston,  1011 

^^1             structure  of,  2SS 

great   hortgontalj    of  cerelwl- 

interarytenoi<i,  1104         ^^M 

^^^m              surface  form  of,  290 

lum,  727 

recto-uterine,  lIfJ9            ^H 

^^H              fiiir^ical  anatomy  of,  290 

longitudinal,  of    cerebrum, 

recto -vesica],  1142             ^H 

^^^H              tnM'hanleni  of,  285 

772,  784 

vesico-uterine,  11H9          ^H 

^^^1          Feneiitra  ovnli%  916 

hippjcampal,  763,  779 

Folium  caeuniiuis,  730        ^H 

^^m              romnda,  9U5,  92^ 

intraparielal,  791 

Follicle  of  hair,  93                ^| 

^^H          Fen e^t rated  nie m  brane  of  Hen le, 

left  longitudinal,  1051 

Follicles,  Graafian,  1 176            J 

^H 

of  liver,  I(*r>l 

fiehaeeous,  94                        ^^M 

^^^B          Ferrein,  pyramids  of,  1131 
^^^H          Fibre-eel  s,  con  tract  lie,  ti8 

longitudinal.  790 

?\>ntaua,  spaoea  of,  893        ^H 

parieto-occipital,  774,  779,  79! 

Fontauelles,  167,  188           ^H 

^H           Fibres,  as^cintion,  785.  786 

post-ltmbic,  780 

Fool,  arteries  of,  643            ^^M 

^^^B               of  eerebelluii),  735 

preoental,  778 

bitues  of,  299                       ^H 

^^H              oollater&l,  700,  787 

pterygo-majcillary,  216 

development  oC  3llg         ^H 

^^^B              comiolsf^nral,  785,  786 

right  jongitudinat,  1051 

dorsum,  mtiscltss  of,  63D    ^^| 

^H              of  Muller,  901 

of  Eohuido,  774,  790 

fascia  of,  530                         ^ 

^^^fl              of  muscle,  '17 

Bidienoidal,  182 

ligamentA  of,  528;,  529              1 

^^H               of  ner?e«,  fri' 

Bplieno  maxillary,  216 

nerves  of,  863                             1 

^^H              peduncular,  785 

Bpimil  cord,  6!>6,  697 

»ole  of,  muscles  of,  l)S9            J 

^^^K              projection,  785 

ante ro- lateral,  697 

fn»icia  of,  529                    ^^M 

^H          Fibrin,  3a 

median,  696 

surface  forn)  of,  310          ^^H 

^^H              ferment,  33 

lateral,  697 

Burgical  anatomy  o^  311  ^^| 

^^^B          Fibrinogen,  33 

poeterior  intermediate,  697 

Tcinti  of.  670                          ^^M 

^^H           Fibro-cartila^a^  52 

poatero- lateral,  697 

Fornmen  oecura,  709             fl| 

^^^B              circumferential,  53 

-median,  696,  697 

of  fnmtal  bone,  171,  20^| 

^^^B              connecting,  53 

ofSylviu9,755,  774,  790 

of  tongue,  880                        1 

^^H              Interarticular,  53 

Iransverne,  of  cerebrum,  770 

can;>tid,  178                                  1 

^^^B              Ht  rati  form,  53 

of  Jiver,  1051 

eentrale  tfichleBe,  928               J 

^^^B              yellow,  53 

^^H          Fiuro-cartila^eK.  acroinicK^aTic 

umbilical,  !05I 

condyloid,  165              ^^^^J 

fur  vena  cava,  1052 

dental  inferior,  203  ^^^^^M 

^^H                               343 

vesiail,  1052 

ethmoidal,  209            ^^^H 

^^^B              interveriebral  320 

Fixation  of  duodenum,  1018 

faciale,  928                   ^^^H 

^^H                  of  knee,  371 

uf  liver,  1056 

incisive,  213                 ^^^^H 

^^^B                  of  lower  jaw,  329 

of  small  intestine,  1020 

infraorhilal,  1^            ^^^B 

^^P              pubic,  340 

of  spleen,  1020 

jugidur,  211                          ^^M 
face  rum  anleriita,  210        ^^M 

^^^                radio'tilnar,  355 

of  at<imach,  1003 

B                      sacro-eoccygean,  339 

Flat  bones,  143 

iMn^terJus.  211                      ^^M 

■                   Fi bro-serou s  men i bran ee,  96 

Flexor  acceseorius  muscle,  532 

tna^mum,  165                       ^^M 
of  Majendie,  740               ^H 

Fibrous  cartilage^  52 

hrevis  digitorum,  530 

oonuective  i issue,  45 

halluct^s,  532 

mastoid,  175                         ^^| 

nervous  nintter,  f)9 

minimi  digiti  (foot),  533 

meflium,  211                       ^^M 

rinp  of  heart,  1U94 
tiasiie.  while,  45 

(hand),  495 

mental,  202                         ^H 

pollicis,  492 

of  Monro,  708,  751,  752,  iVl 

V el  low,  45 

carpi  radial  i ft,  479 

obturator,  278                       ^^l 

FibuK  297 

ulnaris.  481* 

optic,  183,  210                          1 

arlicnlations  of,  298 

digitorum  sublimis,  480 

ovale  of  sphenoid,  182             J 

aitai^imcut  of  musclea  U>^  299 

profundus,  481 

palatine,  anterior,  ISM,  21J^J 

development  of,  298 

longxifl  digitorum,  527 

posterior,  198,  213      ^^H 
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Forameu,  parietal,  169 

pterygopalatine,  182 

rotundum,  182,  210 

sacro-sciatic,  275,  337 

of  Scarpa,  194,  213 

of  Sommerring,  898 

spheno-palatine,  199,  221 

apinofium,  182,  210 

of  Stenson,  194,  213 

sternal,  229 

stylo-mastoid,  178 

supraorbital,  171 

thyroid,  278 

Vesalii,  182,  210 

of  Winslow,  975,  992 
Foramina  of  diaphragm,  446 

external  orbital,  182 

malar,  196 

olfactory,  185 

sacral,  156 

Thebesii,  678,  1088 
Forceps,  major,  757,  758 

minor,  757,  758 
Forearm,  arteries  of,  597 

bones  of,  254 

fascia  of,  478 

lymphatics  of,  684 

muscles  of,  478 

nerves  of,  838 

veins  of,  662 
Fore-brain,  706,  707 
Form  of  bones,  143 
Formatio  reticularis  of  medulla, 
713,714,715,718 
of  pons,  721 
Fornix,  753,  760-762 

anterior  pillar,  748,  750,  761 

conjunctivae,  908 
Fossa  acetabuli,  278 

of  antihelix,  912 

canine,  190 

condyloid,  165 

digastric,  176 

digital,  285,  1156 

duodeno-jejunal,  995 

glenoid,  174 

of  helix,  912 

ileo-caecal,  997 

ileo-colic,  997 

iliac,  274 

incisive,  190,  202 

infra-  and  supraspinous,  244 

inguinal,  964,  1190 

innominata,  912 

intersigmoid,  996 

ischio-rectal,  1201 

jugular,  179 

lachrymal,  172 

myrtiforra,  190 

navicularis  of  urethra,  1146 
of  vulva,  1164 

occipital,  165 

olfactory,  of  foetus,  125 

ovalis,  1089 

palatine,  anterior,  194 

pericajcal,  997 

phrenico-hepatic,  994 

pituitarv,  180 

pterygoid,  of  sphenoid,  183 
of  lower  jaw,  204 

rhomboidalis,  723 

scaphoid,  183 

scaphoidea,  912 

sigmoidea,  176 

fiingulare,  928 


Foesa  of  skull,  anterior,  208 
middle,  210 
posterior,  211 
spneno-mazillary,  216 
subcfecal,  997 
sublingual,  202 
submaxillary,  203 
subscapular,  243 
subsigmoid,  996 
temporal,  215 
of  Trietz,  996 
triangularis,  1102 
trochanteric,  285 
vense  cavae,  1052 
vesicalis,  1050,  1052 
zygomatic,  216 
Fossae,  duodenal,  994 
nasal,  219,  889 
retro-peritoneal,  994 
of  skull,  208 
Fourchette,  1164 
Fourth  nerve,  796 

surgical  anatomy  of,  796 
ventricle,  708,  737-740 
Fovea,  boundaries  of,  738 
centralis  retime,  898 
femoralis,  1198 
hemispherica,  921 
inferior,  724 
larynx,  1101 
roof  of,  738 
semi-elliptica,  921 
superior,  724 
Fracture  of  acromial  end  of  clav- 
icle, 500 
acromion  process,  500 
centre  of  clavicle,  499 
coracoid  process,  500 
coronoid  process  of  ulna,  501 
femur  above  condyles,  537 

below  trochanters,  537 
fibula,    with     dislocation    of 

tibia,  538 
humerus,  anatomical  neck,  500 
shaft  of,  500 

non-union  of,  253 
surgical  neck,  500 
neck  of  femur,  537 
olecranon  process,  501 
patella,  537 
Pott's,  538 
radius,  501 

lower  end  of,  502 
neck  of,  501 
shaft  of,  501 
and  ulna,  502 
Frsenula  cerebellum,  729 
Fraenulum  cerebellum,  734 
Fraenum  clitoridis,  1164 
labii  superioris  et  inferioris, 

931 
linguae,  879 
praeputii,  1151 
Frontal  artery,  570 
bone,  170 

articulations  of,  173 
attachment  of   muscles    to, 

173 
development  of,  173 
structure  of,  173 
crest,  171 
eminence,  171 
nerve,  798 

process  of  malar,  196 
sinuses,  173 


Frontal  suture,  171, 173 

vein,  651 
Fronto-nasal  process,  119 
Fronto-sphenoidal   suture,   206, 

207 
Fundus  of  bladder,  1142 

of  uterus,  1168 
Fungiform   papillae    of   tongae, 

880 
Funiculi  of  nerve,  73 
Funiculus    cuneatus,    710,   711, 
714 

gracilis,  710,  711,  714 

of  Rolando,  710,  711,  714 

solitarius,  718 

teres,  724 
Furrow,       auriculo-ventricular, 
1087 

dental,  938 

f^enital,  140 

interventricular,  1087 

labio-dental,  938 

posterior  intermediate,  697 

G. 

Galactophorous  ducts,  1179 
Galen,  veins  of,  657 
Gall-bladder,  1064 
'    development  of,  134 

ducts  of,  1065 

nerves  of,  1064 

relations  of,  1064 

structure  of,  1065 

surface  form  of,  1065 

vessels  of,  1064 
Ganglion    or   ganglia,    general 
anatomy  of,  79 

of  Andersch,  816 

Arnold's,  807 

of  Bochdalek,  802,  804 

cardiac,  874 

carotid,  869 

cephalic,  799 

cervical  inferior,  892 
middle,  892 
superior,  869 

ciliary,  799 

on  circumflex  nerve,  839 

diaphragmatic,  875 

on  facial  nerve,  811 

of  fifth  nerve,  799 

Gasserian,  797 

of  glosso-pharyngeal,  816 

impar,  867,  874 

intercarotid,  872 

Uigular,  816 

lateral  root  of  eighth  nerve, 
815 

lenticular,  799 

lingual,  872 

lumbar,  873 

Meckel's,  803 

mesenteric,  877 

ophthalmic,  799 

otic,  807 

petrous,  817 

pharyngeal,  871 

of  pneumogastric,  819 

of  portio  dura,  811 

on  posterior  interosseous  nerve, 
844 

of  Ribes,  871 

of  root  of  vagus,  820 

sacral,  871 
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mnEx. 

^^H 

1            Gajiglion  or  giinglia,  Bemilnnar, ' 

Glabella  of  frontal  bone.  171, 217 

Glosso-pharviig^ail  ner^e,  SlI^H 

1                         of  abdomen,  875 

Gladiolut^,  229                                  , 

Glottis,  riiiia  of,  1 104^              ]^H. 

1                     of  liftU  nerve,  797 

Gland  or  ghuidj^,  accessory,  of 

Gluteal  aponeuroeiCy  515          ^^M 

K               Bpbeno-pHlatine,  803 

parotid.  9 17 

artery,  G27                                 ^H 

^^m          of  Kpinal  nerves^  827 

agminatetl,  10*25 

inferior,  62G                         ^^1 

^^H         Bpinilef  \i'2H 

arytenoid,  1108 

lines,  272,  273                           ^M 

^^"          submuxillsiry,  808 

of'Banliolin.  1165 

lynipbatic  glands^  BS6          ^^M 

■                suprareual,  H75 

BrunnerV,  1024 

nerve,  inferior^  861                ^^| 

of  9ymi»alheti<:  nerve,  867 

buccal,  931 

superior,  861                         ^H 

temporal,  872 

circumanal,  1040 

region,  lymphatics  of|  6S9  ^H 

thoraciCj  872 

ooccygeid,  617 

niuijcles  of,  1)14                    ^^V 

thyroid,  872 

Cowpcrs,  1150,  1205 

ridge,  286                                        1 

of  Iruiik  of  vagus,  820 

development  ot;  125 

Gluteus  maxirouB  miiacJe,  514       J 

of  WritjWrg,  874 

ductlesis,  i^pleen.  1073 

meditiB,  515                              ^H 

Gangliojiic  branch  of  nasal  nerve. 

suprarenal.  1137 

minimus,  516                          .^H 

799 

thymus,  1124 

Goblel  c^Us,  4S                  ^^^B 

Gartner,  duel  of,  139 

ibyroid,  1122 

Golgl,  organs  of,  78           ^^^^1 
Golrs  colli  inn,  700            ^^^^H 

Gases  of  the  blood,  37 

dmidenal,  1024 

Gasaertun  ganglion,  797 
Gastric    arteries   ivasa   brefiaj, 

epiglottic,  1108 

Gompbo4sis,  3lo                           ^^H 

gastric,  lOOfJ 

Graafian  follicless  1176             ^H 

612 

ofllavers,  314 

membrana  i^raniilciea  of,  117€ 

arterv,  Ull 

labial,  931 

ovica[:»siile  of,  1176                       , 

foUiclea,  1006 

laehrvnial,  909 

structure  of.  1176 

gJantk,  1U06 

of  larynx,  lUM 

Gracilis  muscle,  511 

nerves  from  vagii»,  822 

of  Licberkiihn,  1024 

Gray  nervous  matter,  69 

piexuii,  877 

lingual,  882 

of  spitial  cx>rd,  71*1                 ] 

vein,  676 

of  Littro,  1147 

Great  omentum-   971,    i»73    m'5. 

Gantrocnemins  nniscle,  522 

of  Luaclika,  617 

991 

GoBtro-coIie  ouieiituin,  i*91 

lym(diutic,  87 

sciatic  nerve,  S62 

Ga8tro-duo<lenal  artery,  611 

mammary,  1178 

surgical  aDatoniy  i>C  86<' 

plexus,  877 

MeiLMMiiian,  908 

Greater  wings  of  sphenoid,  1K2      ' 

Gaiitro-epiploic  plexus,  877 

niucilnginous,  of  Havers,  314 

Groove,        auriculo-ventricuUr 

veinsi,  076 

oiiorifera?,  1150 

1087 

Ga8tro-epi|iloica   dextra  arterv^ 

(esophageal,  953 
of  Paccbioni,  <>57 

basilar,  720,  721                           l.M 

611 

bicipital,  248                             ■■ 

siniiitm,  612 

pahitab  944 

(^vernous,  181                           ^H 

Gafitro-sjdeiik    omentum,     971, 

parotid,  945 

dorso-lateral,  709,  717           ^H 

991,  1076 

peptic,  1(X)6 
Peyer's,  1025 

infraorbital,  191                       ^H 

Gelatinoufl  connective  tissue,  48 

laclmmal  11*2 

nerve-fibres,  72 

pharyngeal,  961 

longitudinal,    floor    of    Iboflll 

Gemellus  inferior  tniiscle,  517 

prostate,  1148 

ventricle,  723 

BUfM?rior  muscle,  517 

pyloric,  lOCKi 

rovlo-bj'oid,  2U3 

Generative  organs,  development 

ssiHvary,  945 

nxHal,  189                           ^^^_ 

of,  187 

sebaceous,  94 

occipital,  176                    ^^^^| 

female,  1163 

secreting,  98 

optic,  180                           ^^^H 

male,  1148 

solitary,  1025,  1029 

primitive  dental,  938             ^^|i 

Genial  tuben-les,  202 

BUblingUdl,  948 

Hubclaviau,  2^                         ^^| 

Geniculate  bidia'*,  743 

aubniaxillary,  947 

ventro-lateral,  709,  7  17          ^H 

ganglion,  811 

sudoriferoua,  95 

Groove  in  the  radius.  250        ,^| 

Genio-hyo-gloissus  umscle,  415 

suprarenal,  1137 

interventricular,  104$7            ^^| 

Genio-bvoid  muscle,  414 

diynius,  1124 

Growtb  of  bones,  63                    ^^| 

Genital  cord,  136 

thyroitl,  U22 

Gubernacnlum  dentii<^  942         ^^\ 

corpuscles,  76 

tracheal,  1111 

testis,  1161                                         1 

^           folds,  140 

of  Ty«uu,  1150 

Gndden,  commigfiure  of,  793      ^J 

^^^h          furrow,  140 

uterine,  1172 

Gums,  932                                      ^1 

^^r           tubercle,  140 

of  vulva,  1166 

GuMntory  nerve,  807                   ^H 

W            Gen ito- crura  I  nerve,  852 

Ghindula'  iidttrifene,  1150 

Gyrus  or  Gyri,  772,  773            ^H 

1              Genu  of   the   corpus   callosum. 

Faceiruuii.  657 

dentnte,  782                               ^H 

■                         756.  7tS8 

Glans  fjenis.  1150 

fomicatus,  779,  792                 ^H 

■                  of  the  internal  capsule,  760 

cliti>ridiK>  1165 

fillet  of^ 780                        ^m 

■              Gerlach^s  nerve  network,  702 

Gl«M;rian  Imurc.  174,  916 

operati,  778                     ^^^^^H 

1               Germ,  common  dental,  938 

■  Glenoid  cavity,  245 

sutiracallosal,  782           ^^^^M 

■                    special  dental,  939 

fossa,  174 

uncinate,  781                    ^^^^^1 

Germinal  area,  103 

ligument  of  Cruveilbier,  S61 

^^1 

disk,  io:i 

of  ]>halaii|;eH,  361 

H.            J 

spot.  101 

of  t^houlder,  346 

vei*icle.  101 

Gliding  movement,  318 

Hahcnula^  749                    ^^H; 

Giticemini,  bund  of,  765 

Glisson's  ca|isule,  982,  992 

HiemaloidJn  erysctalg,  37    ^^^^H 

Giant  evils,  55 

Globules,  blood-,  34 

Hscmln  crrstnls,  37            ^^^^| 

Gianuzxl,  crescenta  of^  948 

develofiment  of,  127 

Hemoglobin,  34                   ^^^ 

Ginibenmt's  ligament,  448,  1183 

Globus  ruajor  of  epididymus,!  158 

crystals,  37 

Ginglymus,  316 

1      minor,  1158 

Haimorrhoidal   arierv,    inXertor, 

Giraldt'.H,  (»rgan  of,  139 

palliduii,  760 

625 

Girdle,  oelvic,  238 
ahoulder,  238 

Gloeso-eptglottidean     ligaments, 

middle,  622 

879, 

superior,  615 

INDEX. 
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Haemorrhoidal    nerve,    inferior, 
861 

plexus  of  nerves,  878 

veins,  inferior,  672 
middle,  672 
superior,  672 

venous  plexus,  674,  675 
surgical  anatomy  of,  672 
Hair-cells  of  internal  ear,  926 
Hair-follicles,  93 
Hairs,  93 

root-sheath  of,  93 

shaft  of,  94 

structure  of,  93 
Hamstring     tendons,     surgical 

anatomy  of,  520 
Hamular    process  of   humerus, 
250,  n/)te. 
of  lachrymal,  195 
of  sphenoid,  183 
Hamulus,  924 
Hand,  arteries  of,  601 

bones  of,  262 

fascia  of,  489 

ligaments  of,  356,  357 

muscles  of,  489 

nerves  of,  from  median,  839 
from  radial,  844 
from  ulnar,  841 

surface  form  of,  270,  497 

veins  of,  662 
Hard  palate,  944 
Hasner,  valve  of,  911 
Haustrum,  1028 
Havers,  glands  of,  314 
Haversian  canals  of  bone,  56 
Head,  lymphatics  of,  681 

muscles  of,  390 

veins  of,  650 
Heart,  1086 

annular  fibres  of  auricles,  1094 

arteries  of,  545,  1095 

deep  fibres  of  auricles,  1094 

development  of,  126 

endocardium,  1094 

fibres  of  the  auricles,  1094 
of  the  ventricles,  1094 

fibrous  rings  of,  1094 

foetal  relics  in,  1088 

infundibulum  of,  1089 

left  auricle,  1091 
ventricle,  1092 

looped  fibres  of  auricles,  1094 

lymphatics  of,  692,  1096 

muscular  fibres  of,  67 
structure  of,  1094 

nervesof,  821,  874,  1095 

position  of,  10S6 

right  auricle,  1088 
ventricle,  1089 

septum  ventriculorum,  1089 

size  and  weight,  1087 

structure  of,  1094 

subdivision  into  cavities,  1087 

superficial   fibres  of  auricles, 
1094 

surface-marking  of,  1096 

veins  of,  677 

vortex  of,  1095 
Heidenhain,  demilunes  of,  948 
Helicis  major  muscle,  914 

minor,  914 
Helicotrema  of  cochlea,  923 
Helix,  912 

fossa  of,  912  I 


Helix,  muscles  of,  913 

process  of,  913 
Hemisphere  vesicles,  707 
Hemispheres,    cerebellum,  725, 
727 

cerebrum,  752 

development,  752 

gray  matter,  786 
cortex,  786 

structure,  785-788 

surface  aspect,  771-785 

white  matter,  785,  786 
Henle,  looped  tubes  of,  1130 
Henle's  layer  of  hair-follicle,  94 
Hepatic  artery,  611, 1057 

cells,  1060 

duct,  1057,  1063 

flexure,  1035 

plexus,  877 

veins,  675,  1057,  1061 
Hepatico-gastric  omentum,  979, 
991 

-renalis  recessus,  1012 
Hernia,  congenital,  1189 

direct  inguinal,  1189 
dissection  of,  1190 

encysted,  1189 

femoral,  coverings  of,  1199 
descent  of,  1199 

of  funicular  process,  1189 

infantile,  1189 

inguinal,  1180 
dissection  of,  1186 

oblique  inguinal,  1187 

scrotal,  1189 
Hesselbach's  triangle,  1190 
Hiatus  Fallopii,  177 
Highmore,  antrum  of,  192 
Hilton's  muscle,  1107 
Hilum  of  kidney,  1128 
Hind-brain,  706,  724 
Hinge-joint,  316 
Hip-jomt,  362 

muscles  of,  514 
in  relation  with,  365 

surface  form  of,  366 

surgical  anatomy  of,  366 
Hippocampus  major,  759,  763 

minor,  758 
Horizontal  plate  of  ethmoid,  185 

of  palate,  197 
Homer's  muscle,  395 
Houston's  folds  of  rectum,  1041 
Howship's  lacunse,  55 
Huguier,  canal  of,  175 
Humerus,  248 

anatomical  neck,  fracture  of, 
500 

articulations  of,  252 

attachment  of  muscles  to,  252 

development  of,  262 

head  of,  248 

neck  of,  248 

nutrient  artery  of,  596 

shaft  of,  fracture  of,  500 

surgical  anatomy  of,  253 

tuberosities    of,    greater    and 
lesser,  248 
Humors  of  the  eve,  903 
Hunter's  canal,  630 
Huxley's  layer  of  hair-follicle,  94 
Hyaline  cartilage,  51 
Hyaloid  membrane  of  eye,  903 
Hydatid  of  Morgagni,  138 
Hymen,  1165 


Hyo-epiglottic  ligament,  1103 
Hyo-glossal  menibrane,  882 
Hyo-glossus  muscle,  416 
Hyoid  arch  (foetal),  119 

artery  of  superior  thyroid,  552 
bone,  227 
attachment  of  muscles  to,  227 
cornua  of,  227 
development  of,  227 
branch  of  lingual  artery,  553 
region,  muscles  of,  infra-,  411 
supra-,  413 
Hypertrophy  of  prostate,  1159 
Hypoblast,  104 
Hypochondriac  regions,  955 
Hypogastric    arteries  in    fcetus, 
620,  1097 
how  obliterated,  1099 
plexus,  877 
Hypogastrium,  961 
Hypoglossal  nerve,  823 

surgical  anatomy  of,  825 
Hypophysis  cerebri,  751 
of  pituitary  body,  121 

I. 

Ileo-csecal  fossa,  997 

valve,  1033 
Ileo-colic  artery,  614 
fossa,  997 
valve,  1033 
Ileum,  1020 

Iliac  arteries,  common,  618 
peculiarities  of,  618 
surface-marking  of,  619 
surgical  anatomy  of,  619 
external,  628 

surface-marking  of,  628 
surgical  anatomv  of,  628 
internal,  620 
at  birth,  621 
peculiarity  in  the  foetus, 

621 
surgical  anatomy  of,  621 
fascia,  503 
fossa,  274 

lymphatic  glands,  689 
portion  of  Siscia  latji,  503 
region,  muscles  of,  503 
veins,  common,  673 

peculiarities  of,  673 
external,  672 
internal,  672 
Iliacus  muscle,  504 
llio-costalis  muscle,  434 
Iliofemoral  ligament,  363 
Ilio-hypogastric  nerve^  851 
Ilio-inguinal  nerve,  8ol 
Ilio-lumbar  artery,  626 
lig^ament,  336 
vein,  674 
Ilio-pectineal  eminence,  277 
Ilio-tibial  band,  507 
Ilium,  272 
crest  of,  275 
dorsum  of,  272 
spines  of,  272 
venter  of,  274 
Impressio  colica.  1050,  1052 
duodenalis,  1050,  1052 
gastrica,  1052 
pylorica,  1050 
renalis,  1050, 1052 
suprarenalis,  1050,  1052 
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^^H 

^B              Incisive  fomtDina,  213 

Interarticiilar  fibro-cjirtilagc,  53 

Intervertebral  notcbes^,  145           | 

■                 fossa,  11^1,  21J2 

of  acromio-clav Scalar  joint, 

gub^tanee,  320                               1 

■                  pud.  944 

34a 

Intestinal  canal,  1008                      1 

■              lEcii<.ur  teetb,  932 

of  jaw,  329 

of  knee,  370.371 

Intestine,  development  of,  l^^J 

■              Incistini,  110C» 

large,  coats  of,  1027             ^^M 

^^t                 cerebelluin,  72l> 

of  radio-ulntir  joint,  955 

lymphatics  of,  691                 ^^| 
small,  970,  1008                     ^H 

^^^L           intertra^irii,  MV2 

ligament  of  ribs,  334 

^^^H          oesophii^'enL,  1052 

Interarytenoid  fohi,  1104 

surface  form  of,  1045          ^^H 

^^H          San torin i,  9 1 4 

Inter-brain,  706,  745-752 

surgical  fin  atomy  ot,  10I5^^^| 

^^^H          unibilii^IiK,  104^.  1052 

Intercarotid  ganijlion,  872 

torsion  *jt  072    '                   ^^H 

^^■^          vej<ic}ili8.  1049,  1052 

Intercellular  sul«tunce  of  ou-ti- 

Intracartilaginous  osstifiortlfl^H 

^m              hicreniental  lines  of  dentine,  937 

bge,  51 

Intralobular  veins  1057                 j 

^^^        lncii^919 

Tnterehoiidral  lijjamenti*,  334 

Intrinsic  muscle  *^*f  tonen**  417     1 

^^^^H           developmeni  of,  125 

Interelavicidur  ligaments,  341 

Iniumescentia  gati^                  ^11   1 

^^^f            Ii|;C^meni  nf,  ^19 

Interctdamnar  fa^scia,  450 

Investing  mass  of  1:              i  i^^J 

^P^                Hiift^H^nsorVj  9V.i 

fibres,  450,  1182 

Involuniarv  musole^  78          ^^H 

H               Infantile  hernia,  ltH9 

Intercondyloid  notch,  288 

Iris,  890     '                                  ^H 

^m              Inferior  denial  anerv,  5til 

InterciMtal  arteries,  606 

Irregular  bones,  144                ^^H 

H                       canal,  2m 

anterior,  <>07 

bcbiatic  lym}ihatic  glamda,  ^^H 

^^^H           mjixlllury  bone,  201 

superior,  587 

lachio-reelal  fascia,  1210       ^^ 

^^^fe              chaogeH  produced  bv  Ji^  in, 

fascia?,  442 

fossa,  1202 

^^m 

lymphatic  plands,  691 

position  of  Tceselfl  and  tvenm 

^^^^B           meatuti  ofnoHef  221 

lymphatics,  692 

in,  1202 

^^^H           ooeipitul  fo88{i,  lGt> 

muscles,  442 

region,   surgical   mualoiBT  <C 

^^^^K          peiiumie  of  cerebellum,  702 

nerves,  846 

1201 

^^^^1          profundi  a  artery^  590 

spaces,  228                                   ' 

Ischium,  275 

^^^^H          turbinate<l  bones,  200 

veins,  HUi>erior,  066 
Intereoato-hunieral   nenres,  840, 

body  of,  275                            ^m 

^^^^H                 artienlaiitm^  oi\  200 

ramus  of,  276                           ^^M 

^^^^B                  developuient  of,  200 

848 

$ipine  of*  27 1$                           ^^U 

^^^H                   ethmoidal  pix>ceHs  of,  20(1 

Intergioliidar  fipac<?s,  937 

tuberotiitv  of^  27d                  ^^H 

^^^H                  lachrymal  pn>ce6s  of,  20O 
^^^B                   ma?[illary  process  of,  200 

Interlobular  artcrie«  of  kidnev, 

leland  of  Beil,  778                   ^H 

1134 

hthmuB  cerebri,  740                ^^H 

^^^f           Tenn  ctiva.  673 

biliary  plexus,  1061 

of  the  fauces,  944                  ^^M 

^^^        Infrao<*stal  rtoisdes,  442 

notch",  1049 

of  thyroid  gland,  1123                1 

H               Infraglenoid  tuberi4e,  245 

vein,  1057,  1061 

Iter  a  tertio   ad   qtmrtum   vcnJ 

^1              Infruiiiaxilhirv  nerves  from   (n* 

Intermaxillary  »utiire,  217 

tricuhim,  744,  752        ^^M 

■                         cial,  815 

Intermediate  disk  of  mnsciilar 

cliorde  anterioa,  ^16            ^^| 

^m               Infrnorbilal  artery,  562 

fibre,  m 

posteriua,  916                     ^H 

H                  braiiehes  of  faeial  nerve,  814 

Intennendininous  ossification,  63 

Ivory  of  tootb,  935                  ^H 

^^^           canal,  VJl 

Internal  annidar  ligament,  528 

^^^1 

^^^K          foramen^  190 

capeule,  785 

^1 

^^^y         f^roove,  1<)1 

carotid  artery,  565 

■                 plexus  of  nerves,  801 

cutaneous  nerve,  840 

JacoKfi  membrane,  901           ^^H 

Inrraspinatas  niu«cle,  473 

inguinal  hernia,  1187 

Jacolison'8  cartilage,  HSS          ^^H 

InfraMpinouB  fascia,  473 

mammary  artery,  586 

nerve,  818,  921                      ^H 

fofiftft,  244 

vein,  660 

canal  for,  178                     ^^H 

InfratrcM'lilear  nerve,  799 

maxillary  artery,  559 

organ,  8S8                                ^^M 

Infuialibula,  llli* 

bninches  of,  560 

Jaw,  lower,  201                            ^H 

of  kidney,  112S 

peculiarities,  of,  559 

articulationB  of,  201           ^^H 

Infundibal'ifonn  fascia,  457, 1186 

Hurgical  anatomy  of,  561 

attachment   of    tnutclca  to,     1 

Infundibuhini  of  brain,  750 

occij)it4il  crest,  166 

204                                             1 

of  cochlea,  92M 

pterygoid  pi  I  ate,  183 

changes  produced  in,  bT  Me,     1 

of  ethmoid,  187 

sphincter,  1041 

204                                         J 

of  heart,  lOHll 

Internasal  suture,  217 

condyle  of;  204                   ^^ 

Ingrassian,  procesJi^es  of,  183 

IntemodaJ  segment  of  nerves,  71 

development  of,  201          ^^M 

Inguinal  canul,  1185 
fossti.  964,  1190 

internodia  or  phalange**,  270 

ltgamentj$  of,  327,  SSB       ^^H 

Interofisei     muscles,    dorstal,   of 

oblique  line  of.  202            ^^M 

gland  a,  deep,  6^6 

foot,  534 

ptervgoitl  fri88a  of,  204      ^H 

superliciul,  6K6^  1181 

of  band,  496 

rami  ot".  203                        ^^H 

hernia,  11 8ti 

palmar,  496 

sigmoid  notch  of,  204         ^^M 

dissection  of,  1180 

plantar,  534 

Bympbvsia  oi,  202               ^^M 

Inlet  of  pelvis,  281 

Interosseous  artery  of   foot,  644 

np|>er,    J^*  MaxULir^  BMi^^f 

Innominate  artery^  545 

of  forearm,  fSOl 

Jejunum,  1020                         ^^^H 
Joint.    See  ^rfiai/^iKona.          ^^| 

petHdiaritieij  of,  h4i\ 

membrane  of  forearm,  354 

surgical  anatomv  of,  546 

of  leg,  377 

Jugulitr  foramen,  211               ^^| 

bone,  272 

nerve,  anterior,  841 

fosfni,  179                                ^H 

articuIatioaH  of,  278 

posterior,  844 
veins  of  forearm,  fi64 

ganglion,  816                           ^^^ 

attachment   of   muAcle^   to, 

surface,  178                             ^H 

279 

Intentigmoid  fossa.  896 

vein,  ante  nor,  ($54                  ^^H 

development  of,  278 

Interepinalea  muscles,  438 

ejclemal,  653                   ^^^^| 

veinB,  665 

Interapinous  lipiments,  322 

Burgieal  anatomv  o(  M^H 

peculiarities  of,  iy^o 

IntertransversaTes  muscles,  438 

internal,  654                                ■ 

Inorganic  eonstitaetiLs  of  bone, 

Intertransverse  ligaments,  322 

sinu*  or  gulf  of,  6M             J 

59 

Intertnbalar  stroma  of   kidner, 

surgical  anatomy  of;  MteJ 

Inspiration,  muscles  of,  444 

1135 

posterior,  exlemaf,  654    ^^M 

.»iiB^ 

M 

INDEX. 
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K. 

Earyokinesis,  39 
Earyomitosis,  39 
Eidney,  1127 

calices,  1128 

cortical  substance  of,  1129 

development  of,  135 

hilum  of,  1128 

infundibula  of,  1128 

labyrinth  of  cortex  of,  1131 

lymphatics  of,  690,  1135 

Malpighian  bodies  o^  1129 

mammills  of,  1129 

medullary  substance,  1129 

nerves  of,  1134 

papillae  of,  1129 

pelvis  of,  1128 

pyramids  of  Ferrein,  1131 

renal  artery,  616,  1133 

sinus  of,  1128 

surface-marking  of,  1135 

surgical  anatomy  of,  1135 

tubull  uriniferi,  1130 

veins  of,  675,  1134 

weight  and  dimensions,  1127 
Enee-joint,  368 

surface  form  of,  374 

surgical  anatomy  of,  374 
Erause's  membrane,  66 

end-bulbs  of,  76 
Euhne's  views  on  the  termina- 
tions of  motor  nerves,  78 

L.. 

Labia  cerebri,  756 

pudendi  majora,  1163 
minora,  1164 
Labial  artery,  556 

glands,  931 

veins,  inferior,  652 
superior,  652 
Labio-dental  furrow,  938 

strand,  938 
Labyrinth,  921 

arteries  of,  927 

cortex  of  kidney,  1131 

fibro-serous  membrane  of,  926 
Lachrymal  apparatus,  909 

artery,  568 

bone,  195 
articulations  of,  196 
attachment    of   muscles  to, 

196 
development  of,  196 

canals,  910 

caruncula,  909 

crest,  195 

fossa,  172 

gland,  909 

groove,  192 

nerve,  798 

notch,  191 

papilla,  907,  910 

process  of  inferior  turbinated 
bone,  200 

puncta,  910 

sac,  910 

tubercle,  193 
Lacteals,  679 
Lactiferous  ducts,  1179 
Lacuna  magna,  1147 
Lacunie  of  bone,  58 

Howship's,  55 
Lacus  lachrymalis,  909 


Lambda,  208 
Lambdoid  suture,  206 
Lamella  of  bone,  articular,  313 
horizontal,  of  ethmoid,  185 
perpendicular,  of  ethmoid,  186 
Lamellse  of  bone,  57 
Lamina,  1101 
cinerea,  751 
of  cornea,  elastic,  893 
cribrosa,  177,  928 
of  sclerotic,  893 
dental,  938 
fusca,  891 
medullary,  747 
posterior  perforated,  746,  750 
quadrigemina,  743 
spiralis  ossea  of  cochlea,  923 

membranacea,  925,  noU, 
suprachoroidea,  895 
terminalis,  751 
of  the  vertebrae,  144 
vitrea,  895 
Laminae  dorsales,  107 
Lancisi,  nerves  of,  757 
Lanugo  (foetal  hairs),  125 
Large  intestine,  1027 
caecum,  1030 
colon,  1035 
ileo-caecal  valve,  1033 
muscular  coat,  1041 
rectum,  1038 
relations  of,  1036 
structure  of,  1028 
vessels  of,  1029 
Laryngeal  artery,  inferior,  584 
superior,  552 
nerve,  external,  821 
internal,  821 
recurrent,  821 
superior,  821 
surgical  anatomv  of,  822 
from  sympathetic,  871 
pouch,  1105 
veins,  666 
Laryngectomy,  1113 
Laryngo-tracheotomy,  1112 
Lary  ngotomy,  1112 
Larynx,  1100 

actions  of  muscles  of,  1107 
arteries  of,  1108 
cartilages  of,  1100 
cavity  of,  1104 
glands  of,  1108 
interior  of,  1103 
ligaments  of,  1102 
lymphatics  of,  1108 
mucous  membrane  of,  1107 
muscles  of,  1105 
nerves  of,  1108 
rima  glottidis,  1104 
superior  aperture  of,  1103 
surface  form  of,  1111 
surgical  anatomv  of,  1111 
veins  of,  1108 
ventricle  of,  1104 
Lateral  disk  of  muscular  fibre,  66 
horn  of  spinal  cord,  701 
ligaments  of  liver,  1053 
masses  of  ethmoid,  186 
recess,  734,  738,  739 
region  of  skull,  214 
sinus  of  brain,  658 
tract    of   medulla    oblongata, 

710 
ventricles,  755 


Lateralis  nasi  artery,  556 
Latissimus  dorsi  muacle,  430 
Leftr  lobe  of  liver,  1052 
longitudinal   fissure  of  lirer, 
1051 
Leg,  arteries  of,  641 
bones  of,  291 
fascia  of,  520 

deep  transverse,  524 
ligaments  of,  362 
lymphatics  of,  686 
muscles  of,  520 
back  of;  522 
front  of,  521 
nerves  of,  859 
veins  of,  670 
Lemniscus,  718 
Lens,  904 
changes  produced  in,  by  age, 

904 
suspensory  ligament  of,  905 
Lenticular  ganglion,  799 
Lesser  lachrymal  bone,  195 
omentum,  971,  991, 1053 
pancreas,  1070 
sac,  993 

sciatic  nerve,  862 
wings  of  sphenoid,  183 
Levator  anguli  oris,  400 
scapulae,  431 
ani,  459 

glandulae  thyroidae,  1123 
labii  inferioris,  400 
superior  alanque  nasi,  400 
superioris,  400 
menti,  400 
palati,  421 
palpebrse,  395 
Levatores  costarum,  442 
Lieberkiihn,  crypts  of.  1024, 1029 

glands  of,  1024 
Lienculi,  1073 
Ligament,  structure  of,  313 
acromio-clavicular,      inferior, 
343 
superior,  343 
alar,  of  knee,  372 
of  ankle,  anterior,  377 

lateral,  378 
annular,  of  ankle,  377 
external,  378 
internal,  378 
of  radius.  353 
of  wrist,  anterior,  356 
posterior,  357 
anterior,  of  knee,  368 
arcuate,  444 
aryteno-epiglottic,  1102 
astragalo-navicular,  383 
atlanto-axial,  anterior,  323 

posterior,  323 
of  bladder,  false,  1143 

true,  1142 
broad,  of  liver,  988,  1053 
calcaneoastragaloid,  external, 
381 
internal,  381 
interosseous,  381 
posterior,  381 
calcaneo-cuboid,  internal,  381 
long,  381 
short,  381 
superior,  381 
calcaneo-navicular,      inferior, 
382 
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^^H 

LigameDt,€a1c&ne{>-navkul&r,su*  1 

Ligament,  met^jtarsid,  385 

Ligament^  suspensory,  of  ipl^H 

perior,  3H2 

nietutarso-pbalangea!,  386 

1150                           ^^H 

caps  u  1  a  r.  See  Imti  mltial  Jo  i  n  /v. 

niucosinn,  of  knee,  3t>8 

flutural,  313                       ^^^H 

^^         carpo-fuetacarpal,  doraaJ,  357 

uucliie,  43U 

tarsal,  of  eyelids,  908  ^^^^H 

^^m            iuterosaeous,  358 

oblii]iie,  3M 

tarso-metat&rsal,  384          ^H 

^^            palimir,  367 

obturator,  516 

of  tanittfi,  380                          ^H 

of  carpus,  8o7 

occipito-atlautal,  anterior,  325 

of  thumb,  359                        ^H 

centra  1,  of  apmal  cori]^  696 

lateral,  325 

thy  ro-arvten  oid ,  i  n  feriorp  ^^| 

check,  32H 

jMjsterior,  325 

dtiperior,  1 105                    ^^| 

chondro-aitmiil,  anterior,   334 

occipitt>-i«iinl,  326 

ihyro-epiglotticw  1103          ^H 

iwnsttiriyr,  334 

odontoid,  326 

thyro-hvoid,  1103                  ^H 

comriRtii     vertebral,    anterior, 

lateral,  326 

Ubio-tafsal.  377                       ^M 

3iy                          : 

middle,  326 

transTerse,  of  athis,  323      ^1 

poster i or,  319 

orbicular,  3pj3 

of  hip,  361                           ^M 

conoid,  344 

of  oasicula,  919 

of  knee,  371                 ^^^B 

comco-ncromial,  344 

of  ovary,  1175 

of  Bcapula,  345           ^^^^M 
trapezoid,  344                  ^^^^| 
of  Treiti,  liU  8                  ^^^1 

coraco-cl  a  v  ici  1 1  ar ,  34  3 

pal  1^  bra  I  or  tarsid,  908 

cormco- h u tiie lal ,  346 

of  patella,  36^ 

conwxiid,  34o 

of  (lelvis,  330 

triangular,  of  liver,  1053 

coronarv,   of  liver.   f^79,   981, 

of  the  phalanges,  (footf,  387 

of  urethnu  1U24 

988,  1053 

(hand).  362 

of  tympanic  l»rin^,  919 

co6tc> central,  3 39 

p  h  reno-eol  i  c,  1036 

of  uterus,  1169                        ^J 

amerior,  330 

of  the  pinna,  373 

of  vertebrsp,  320                     ^H 

co«tu*culk',  1U77 

plantar,  385 

Test  counter  ioe,  1169              ^H 

coeto-tniiisverye,  331 

posterior  of  knee,  or  pogtictim 

of  Wtnslow,  3r»8                    ^M 

pCMterior,  332 

Winylowii,  368 

of  wrist,  anterior.  356         ^H 

^m            superior^  331 

PouptirtX  448,  1183,  1195 

lateral  external,  35$        ^H 

^^H               anterior,  331 

ptery go-inu  x  i  1  hi  ry ,  402 

in  tern  all,  356                    ^^M 

^^"                  posterior,  331 

pubic,  anterior,  3*40 

posterior,  357                      ^^H 

r               ooeto-vertebnil,  or  stelliite,  330 

posterior,  340 

uf  Zinn,  397                              ^M 

cotyloid,  304 

Buperic>r,  340 

Li  gam  en  ta  alaria,  372              ^H 

crico- arytenoid,   1 104 

radio-carpal,  :i">6 

Buhflava,  321 

1                crico-lhyrti-aryienoid,  1103 

radio-tdnar  joint,  inferior,  345 

suspcn&oria  of  mam  ma,  466 

crit'o-tiiyrojd,*ll04 

middle,  354 

Ligan^entum     arcuattim     exMJBd 

crico-lracheal,  1104 

Buperior,  353 

num,  445                           ^^M 

crucial,  of  knee,  361* 

internum,  444                     ^H 

cruciform,  324 

of  recliitu,  1143 

eoli,  1028                                ^M 

f                deltoid,  378 

rhomboid,  341 

colico-lienale,  1077                ^H 

>                 dtjrsal.      8ee  Individual  Jointi. 

round,  of  hip,  363 

eoronariuni  hepatis,  989      ^H 

of  elbow,  349 

of  liver.  983,  1053 

ejBiteo-duodeuale,    989,    IQ^H 

^^H             anterior,  349 

of  radins  and  ulna.  354 

1054                                 ^M 

^H             external  lateral,  350 

of  uterus,  1177 

deuticu latum,  665                   ^^M 

^^H              imernai  lateral,  350 

eacro-eoccygeal,  anterior,  339 

duodeno-mefiocoliciirii^  1014^1 

^^B             poi^itericir,  35U 

interarlicular,  339 

-pancreaticitm,  971             ^H 

^"          rakiform,  of  liver,  971,  1053 

lateral,  339 

-renale,  1012                        ^M 

I                FkKKi^s,  346 

posterior,  339 

gastro^hepaticum,,  1063        ^H 

I                Ginibeniat't*,  448.  1183,  11% 

deep,  339 

-Henale,  1076                       ^H 

1                glenoid,  346 

superficial,  339 

-pancreaticum,  994              ^H 

'                glosso^piglottidean,  1102 

sacroiJ  i a c,  anterior,  337 

hepato-c'olicufu,  989^  1ll5l     ^V 

of  hip,  362 

oblique,  337 

-diiodenate.    971,    98%   M^    ' 

hyoepiglottic.  1103 

posterior,  337 

1000,  1054                               J 

ilio-femoral.  363 

sacro-soiatic,  ^^reater,  337 

-gnstricnm,  989                     ^H 

ilio-lunibar,  336 

lesser,  338 

-gai^tro<dtlodeDale,  971        ^| 

i                 of  incus,  91^ 

aaero-uterine,  1169 

-renale,  989.  1012,  lih^^      ■ 

ioterarticular,  of  riba^  331 

eacro- vertebral,  336 

-umbilical  18,  lt)53                ^1 

interclavicular,  341 

of  scapida^  344 

latutii  pulmunnlia,  1114           ^B 

iniercliondral,  334 

Schlemm'i^,  346 

lienr>-pii^trioun],  985,  988        ^M 

[                inleroaseoiiR.       8ee   Individwit 
Joints, 

of    shoulder-joint,    gleno- hu- 

-pancrenticuni, VW6                ^B 

meral,  346 

•renale,  985,  1077 

iaterspinouH,  322 

itiferior,  346 

me«eni«rico-nie8ocoU(nim»  9bI*7^j 

intertransverse,  322 

middle,  346 

ni  UiH  ii8u  m ,  37 1                             ^H 

intervertebral,  320 

superior,  346 

nuchire,  430                                  ^^M 

of  jaw,  327 

stellate,  330 

pancreatico-lienale,  U»77        ^H 

kenvto-erict^id,  1104 

stemo-clavicular,  anterior,  341 

patella,  3418                               ^1 

of  knee,  3t..s 

pcjelerior,  341 

peelinatum  i  rid  is,  896             ^H 

of  larynx.  1102 

eterno-periciinlial,  1084 

pbreniiLO-ooiicum,  9^8»  1077 ^^| 

lateral.     See  Indindual  Jointa, 

of  sternum,  336 

-gust ri cum,  988                     .^H 

longitutlinal,  of  liver,  1053 

Btylo-maxillnry,  328 

phreuo-lienale,  975.  988^  HR^M 

long  plitntar.  ^181 

subpubic,  340 ' 

po^ticum  Win&lomrii,  36S      ^H 

luniljo*i]iac,  336 

supntfipinuUH,  321 

pylorieum,  liXKt,  1IH>5            ^H 

lunibo-Hacral  ^'3t* 

6ii»|ien&ory,  of  incus,  919 

su8f^n!wrium,  326                   ^^M 

of  Ltjw  Ilka,  Um 

of  lens'  905 

duodeni,  1014                ^^^^M 

of  nialleuK,  919 

of  liver,  1053,  1076 

hepatiB,  971,  988          ^^^1 

tnetacar|ml,  361 

of  matleus,  919 

1076                  ^^^M 

metacarpo*  | il  mla  n  gea 1 ,  36 1 

of  mamma,  466 

teres,  364                         ^^^^1 
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Ligaiuentum  yenosniD,  1051 
Ligature  of  arteries.    See  each 

Artery. 
Limbs,  development  of,  125 
Limbus  laminae  spiralis,  924 

luteus,  898 
Linea  asp^ra,  286 
eminens,  1101 
gluteal,  inferior,  273 
middle,  273 
superior,  272 
ilio-pectinea,  274 
quadrati,  286 
splendens,  695 
supracondylar,  287 
suprema,  165 
Linese  semilunares,  456 

transverse  of  abdomen,  456 
Lingual  artery,  553 

surgical  anatomy  of,  553 
bone,  227 
ganglion,  872 
nerve,  807 
veins,  654 
Lingual  is  muscle,  inferior,  418 
superior,  417 
transverse,  418 
vertical,  418 
Lingula,  729,  740 

of  sphenoid,  181 
Lips,  930 

arteries  of,  556 
Liquor  amnii,  112 
Cotunnii,  926 
Scarpa,  927 
sanguinis,  36 
Liiisauer,  tract  of,  700 
Lithotomy,  parts  avoided  in  op- 
eration, 1207 
concerned   in  operation  of, 

1207 
divided,  in  operation,  1207 
Littr^,  glands  of,  1147 
Liver,  971,  1047 
ajrset,  1053 
development  of,  134 
distribution  of  vessels  to,  in 

foetus,  1097 
ducts  of,  1064,  1065 
excretory  apparatus  of,  1063 
fissures  of,  1051 
fixation  of,  1056 
hepatic  artery,  611,  1058 
cells,  1058 
duct,  1058 
veins,  675,  10-')7 
ligaments  of,  1053 
broad,  1053 
coronary,  1053 
falciform,  1853 
lateral,  1053 
longitudinal,  1053 
round,  1053 
suspensory,  1053,  1076 
triangular,  1053 
lobes  of,  1052 
caudate.  1052 
left,  1052 
qua^lrate,  1052 
right,  ia52 
lobules  of,  ia59 
lymphatics  of,  690,  1058 
nerves  of,  877,  1058 
peritoneal  relations  of,  1054 
portal  vein,  675 


Liver,  relations  of,  1055 

structure  of,  1059 

surface  form  of,  1065 

surfaces  of,  1049 

surgical  anatomy  of,  1066 

vessels  of,  1060 
Lobe  or  lobes,  central,  729,  778 

caudate,  1052 

cuneate,  780 

frontal,  753,  775 

of  kidney,  1128 

limbic,  781 

of  liver,  1052 

of  lung,  1118 

occipital,  753, 777,  780 

olfactory,  782,  784 

orbital,  775 

paracentral,  780 

parietal,  753,  776 

of  prostate,  1149 

quadrate,  730,  780 
of  liver,  1052 
of  prostate,  730,  780 

Spigelian,  1050,  1050 

of  testis,  1158 

of  thymus,  1125 

of  thyroid,  1123 

temporal,  754,  777 

temporo-sphenoidal,  777 
Lobular  bronchial  tube,  1119 
Lobule,  729 

anterior  crescentic,  730 
slender,  731 

biventral,  731 

digastric,  731 

of  the  ear,  912 

fusiform,  781 

inferior  semilunar,  730 

lingual,  781 

pneumogastric,  733 

posterior  crescentic,  730 
slender,  731 

postero-inferior,  730 
-superior,  730 

quadrangular,  730 

superior  semilunar,  730 
Lobules  of  cerebellum,  728-733 
structure  of,  728 

of  kidney,  1128 

of  liver,  1059 

of  lung,  1119 
Lobuli  testes,  1158 
Lobulus  centralis,  729 
Locus  coerulens,  724 

niger,  substantia  nigra,  744 
Long  bones,  143 

saphenous  nerve,  856 
Longissimus  dorsi  muscle,  436 
Longitudinal    fissure    of    liver, 
1051 

ligament  of  liver,  1053 

sinus  of  brain,  inferior,  658 
superior,  657 
Loop,  duodenal,  969 

omega,  1044 

umbilical,  969 
Looped  tubes  of  Henle,  1131 
Lower  extremity,,  arteries  of,  630 
bones  of,  272 
fascia  of,  502 
ligaments  of,  362 
lymphatics  of,  686 
muscles  of,  502 
nerves  of,  849 
surface  form  of,  535 


Lower     extremity,     yeins     o( 

670 
Lower,  tubercle  of,  1088 
Lumbar  arteries,  617 
fascia,  433 
ganglia,  873 
glands,  688 
nerves,  849 

anterior  divisions  of,  850 

posterior  divisions  of,  849 

roots  of,  849 

surgical  anatomy  of,  866 
plexus  of  nerves,  850 
vein,  ascending,  674 
veins,  674 
vertebrae,  151 

development  of,  152 
Lumbo-iliac  ligament,  336 
Lumbo-sacral  ligament,  336 

nerve,  850 
Lumbricales  mtiscles  (foot),  532 

(hand),  496 
Lungs,  1116 
air-cells  of,  1119 
bronchial  arteries,  1120 

veins,  1120 
capillaries  of,  1119 
development  of,  134 
in  foetus,  1097 
lobes  and  fissures  of,  1117 
lobules  of,  1119 
lymphatics  of,  692,  1120 
nerves  of,  1120 
pulmonary  artery,  1119 

veins,  1119 
root  of,  1118 
structure  of,  1 1 18 
surface-marking,  1120 
weight,  color,  etc.,  1118 
Lunulse,  1091 
of  nails,  92 
Lu8chka*s  gland,  617 

ligaments,  1084 
Lymph,  37 
path  or  sinus,  88 
-vessels  of  liver,  1058 

of  pancreas,  1072 
Lymphatic  or  lymphatics,  struc- 
ture of,  85 
bone,  56 
origin  of,  86 
plexus  of,  86 

subdivision  into  deep  and  su- 
perficial, 679 
terminations  of,  87 
valves  of,  86 

descriptive  anatomy: 
abdomen,  687 
arm,  684 
bladder,  689 
broad  ligaments,  689 
cardiac,  692 
cerebral,  682 
cervical,  superficial  and  deep, 

683 
chest,  692 
of  clitoris,  689 
of  cranium,  682 
diaphragm,  692 
duct,  right,  681 
face,  deep,  682 

superficial,  682 
Fallopian  tubes,  689 
glands,  structure  of,  87 

anterior  mediastinal,  691 
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^^H 

H           Lymphatic  nr    lymphatics,   de- 

Lymphatic  or    lymph alict,  de- 

Maxillary arch,  fcPtaJ,  1 11>      ^^M 

^L                       Bcriptive  auatomy  : 

scriptive  auMtomy : 

artery,  int^niML  *'>5^               ^^M 

^^^^^^JglBmb;  atiricular  (>ot$tenor,68] 

upi>er  extremity,  685 
deep,  686 

bone,  inferior,  201                     ^^H 

^^^^K   itxillarv;  684 

superior,  189                          ^^H 

^^^^^    bmchial,  <j84 

Kii  peril  rial,  685 

develop  met]  1  of,  194        ^^M 

^^m           bronchial,  692 

uterus,  089 

nerve,  inferior,  805                  ^^| 

^^H           Uucca),  6B1 

vagina,  689 

superior,  801                         j^^M 

^^^H           cervical,  deep,  68S 

Lvmphoid  ci>nnective  tiesae,  49 

process  nf  inferior  turliintt^^H 

^^^H               siii)eHic-iitl,  t>83 

of  tongue,  882 

200                                     ^H 

^^^1           in  front  of  elbow,  684 

of  malar  bone,  197             ^^| 

^^H           gluteal.  086 

M, 

prooeases,  foetal,  119               ^^| 

^^^H           of  head.  681 

tuberosity,  190 

^^^B           iliac,  external^  687 

Macula  cribroea,  921 

vein,  interna],  652 

^^^^H               internal,  088 

lutea,  902 

Measureuients   of  thotmx,   10^ 

^^^H           itiguinal,  deep,  H86 

Magnum  of  ciirjtuss  2t»6 

1099 

^^^H              HUperliciiii,  tiSO 

Majendie,  fomnieu  of,  694 

Mealus  auditoriiis  extemm^  In 

^^H          inteToofltal,  691 

Malar  l>one,  190 

intemus,  177 

^^^^H          intemtil  mummary,  691 

iirticuhiiioiiH  of,  197 

of  nose,  infeHor,  221,  S8S 

^^^H           is<:hiatie,  6M 

attjtehment   of    muscles  to^ 

middle,  221,  887                   ^M 

^^^^H           of  htr^'e  iniet^tine)  691 

197 

superior,  221,  887                 ^H 

^^^H           of  lower  extremity,  IS86 

devch>pment  of,  197 

urinarins,  female,  11^5            ^1 

^^H            hitidmr,  088 

frontal  pnx'esa  of,  196 

male,  1147                                      1 

^^H           of  neck,  084 

maxillary  process  of,  197 

Meatuses  of  the   noi*e,  231,  887.      1 

I^^H            cK-eipitiil,  681 

orbital  process  of,  197 

888                                                1 

^^^^H           parotid,  081 

zygomatic  prcK^ess  of,  197 

Meekers  cartilage,  1 19               ^J 

^^m           of  p«lvi^  687 

omuls.  190 

cavnm,  797                                  ^^| 

^^H           poplit^l,  686 
^^B           radial,  684 

nerves,  from  fTtscial,  814 

ganglion,  803                            ^^M 

process  of  superior  maxillar\', 

Medifln  artery  <tf  forearm,  609 ^^H 

^^M          gacmt,  6B8 

192 

of  spinal  cord,  583               ^H 

^^^H          of  14 mall  intrstines,  691 

Male  urethra,  1146 

disik  of  llenseu,  67 

^^H           of  spleen,  094) 

MalliHilar  artericH,  external  and 

nerve,  840 

^^^H            of  8toiiiaehp  090 

internal,  043 

snrgical  anatotny  of,  844 

^^^H           Bubmaxillury.  681 

Malleolus,  external,  297 

vein,  663 

^^H           of  thorax,  0'9l 

internal,  297 

Mediat»ttnal  arteries,  from  inier- 

^^^H           tibial  anterior,  080 

Malleus,  918 

nal  manimarr,  586 

^^^^r           ^^  upper  extremity,  684 

development  of,    125 

poHterior,  from  aorta,  €0A 

zygoniaiic,  081 

8uw[ien»ory  ligament  of,  919 

lynipharic  glands.  651 

gltiteal  region,  089 
head.  Hnperlieiul,  081 

Maljtiphi,  pyramids  of,  1129 

Mediastinum,  anterior,  lllG 

Malpighian    bodies   of   kidnev, 

middle,  1116                              ^m 

heart,  mi 

1 129 

posterior,  1116                           ^^| 

iiilereoslnl,  091 

capsules.  1120 

superior,  1115                            ^^^| 

internal  nmrnmaryj  692 

ctirpuijclefi  of  spleen,  1080 

testis,  1157                                  ^H 

intet?tine#/091 

tufts,  1 129 

Medio-tarsal  joint,  ^79                ^^B 

kiclnevB.  690 

Mamma,  areahi  of^  1176 

Methilla,  closed  part  «»f,  TIS             ■ 

labia/ 090 

lobuk^of,  1179 

gray  matter  of,  713,  715                1 

lac'teaU,  091 

nerves  of,  1 179 

oblongata,  706-719                  ^^M 

1                lar^e  iiitetftine,  69! 

nipple  or  mammilla  of,  1179 

open  part,  715                            ^^H 

leg,  080 

vessels  of,  1179 

spinalis,  695 

liver,  690 

Mammae,  developnieut  of,  125 

Medullarv    canal    of   bone,    ^ 

lower  extremity,  686                   | 

Mamnuiry  artery,  lot ernal,  580 

143 

lun^.  092 

glandt<,  1178 

formation  of,  63 

lymphatic  duct,  681 

lymphatic  glamls.  681 

of  spine,  deveJoptuentof,  ISO 

meniugeul,  682 

veins,  interual,  066 

membrane  of  botie,  34 

mouth.  682 

Mammillji  of  breast,  1178 

phite^s,  107 

neek,  4>81 

of  kidney,  11 2i* 

sheath  of  nerve-fibrea,  71 

*      nose,  082 

Miimmiilury  processes,  152 

spat^^s  of  bone,  7 1 

cesophnifus,  692 

Manubrium  of  malleus,  918 

of  kidney,  112.S 

ovaries,  690 

of  8temum,  228 

of  Bupraremil  cnpanleit^  119^ 

pane  reus,  690 

Margin  creimtuK,  1074 

vehmi.  inferior  of  cer»belhiMt^M 

pelvis,  689 

intermedium,  1074 

733,  7;:44,  7:i8                 ^^H 

penis,  689 

obtU8U8,  1074 

superior,  733,  734,  738         ^^| 

p^rinii^nni,  689 

Marrow  of  bone,  55 

Mcflullateil  nerve-6bre«>  71         ^^| 

pharynx,  683 

Marshall,  vestigial  fold  of,  666 

Mednllo-spinal  veinn,  068            ^^H 

pill  iiiitter,  682 

MasBeter  nniscle.  40:^ 

MeilKimian  glands,  908                ^^^H 

prsn;t4ite,  089 

MauBcteric  arteries,  562 

Membnma  basilari^,  924              ^^H 

rectum,  6H9 

nerve,  805 

fusca,891                                  ^H 

serotnni,  689 

veins,  652 

6act*ida,  918                                ^H 

small  intestine,  691                     , 

Mastoid  cells,  176 

granuh^sa,  of  Grnntj^m  vt^irlfL^^H 

spleen.  tlS'M 

fonaiicn,  175 

^^M 

stomach,  090 

portion  of  lemporal  bone,  175 

limitans  of  retina,  KifS)              ^^H 

testicle,  090 

process,  170 

pupillaris,  898                            ^H 

thoracic  duct,  fi^O 

vein,  ti^tS 

sacciforuiis,  360                           ^^| 

thorax,  091 

Masto-occi|>itTil  suture,  207 

teetoria,  924                                 ^^H 

thymic,  692 

M:wtf>- parietal  wuture,  207 

tymfiani.  918                              ^^H 

thyroid,  692 

Matrix  of  nrtil,  92 

secundaria,  923                      ^^^| 
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Membrane  of  aqneous  chamber, 
893 

arachnoid,  spinal,  694 

choroid,  894 

of  Corti,  924 

costo-coracoid,  468 

crico-thyroid,  1103 

of  Descemet,  892 

fenestrated,  80 

hyaloid,  903 

Jacob's,  901 

limiting,  899 

pituiUry,  887 

pupillary,  898 

of  Reissner,  924 

Schneiderian,  887 

thyro-hyoid,  1103 
Membranes  of  spinal  cord,  693 
Membranous  labyrinth,  92i5 

portion  of  urethra,  1146 

semicircular  canals,  926 
Meningeal  artery,  from  ascoading 
pharyngeal,  558 
anterior,  from  internal  ca- 
rotid, 568 
middle,  from  internal  maxil- 
lary, 560 
from  occipital,  557 
posterior,  from  vertebral,  582 
small,  from  internal  maxil- 
lary, 561 

lymphaticH,  682 
Meninges.    See  Membranes. 
Mental  foramen,  202,  217 

process,  202 

spines,  202 

tubercles,  202 
Mesencephalon,  121,  706,  740 
Mesenteric  artery,  inferior,  614 
superior,  613 

glands,  691 

plexus  of  nerves,  inferior,  877 
superior,  877 

vein,  inferior,  675 
superior,  675 
Mesenteriolum,  989 
Mesentery,  970,  976, 979,  989 
Mesoblast,  104 
Mesoblastic  somites,  107 
Mesocolon,  979 

transverse,  979 
Mesoderm,  104 
Mesogastric  zone,  961 
Mesogastrium,  970,  973 
Mesonephroe,  135 
Mesorchium,  137 
Mesorectum,  1038 
Mesosalpinx,  1170 
Mesosternum,  229 
Mesovarium,  137 
Metacarpal  artery,  600 

articulations,  361 
Metacarpo-phalangeal     articula- 
tions, 361 
Metacarpus,  267 

common  characters  of,  267 

development  of,  272 

peculiar  bones  of,  268 
Metanephros,  135 
Metasternum,  229 
Metatarsal  artery,  644 

articulations,  385 

bones,  306 
Metatarso-phalangeal     articula- 
tions, 386 


Metatarsus,  306 

development  of,  308 

Metencephalon,  120,  706 

Mid-brain,  706,  740-745 

Middle     and    internal     frontal 

artery,  572 

clinoid  processes,  l80 

ear,  or  tvmpannm,  916 

fossa  of  skull,  210 

meatus,  221,  887 
Mid-frontal  process,  foetal,  119 
Milk  teeth,  935 
Mitral  valve,  1093 
Mixed  bones,  144 
Modiolus  of  cochlea,  923 
Mohl,  glands  of,  907 
Molar  glands,  931 

teeth,  933 
Monro,  foramen  of,  708,  751, 752, 

761 
MonticuluH,  730 
Morgagni,  column  of,  1042 

hydatid  of,  138 

sinus  of,  420,  1042 

valves  of,  1042 
Motor  nerves,  78 

oculi  nerve,  794 

surgical  anatomy  of,  795 
Motorial  end  plates,  78 
Mouth,  930 

mucous  membrane  of,  931 

muscles  of,  400 

surface  form  of,  949 
Movement  admitted    in   joints, 

316 
Mucilaginous  glands,  314 
Mucoid  connective  tissue,  48 
Mucous  glands  of  tongue,  882 

membrane,  97 
Muller,  duct  of,  136 

fibres  of,  902 
Multicuspidati  teeth,  933 
Multifidus  spinse  muscle,  438 
Muscle,     general     anatomy    of, 
64 

of  animal  life,  64 

arrangement  of  fibres  of, 
65 

bipenniform.  388 

blood-vessels  of,  67 

chemical  composition  of,  68 

derivation  of  names,  388 

development  of,  126 

fasciculi  of,  65 

fibres  of,  65 

fibrils  of,  65 

form  of,  388 

involuntary,  78 

lymphatics  of,  68 

meaning  of  the  terms  "  origin  " 
and  •*  insertion,"  389 

mode  of  connection  of,  with 
bone,  cartilage,  skin,  etc., 
389 

nerves  of,  68,  78 

of  organic  life,  78 

sarcous  elements  of,  66 

sheath  of,  65 

size  of,  388 

striped,  65 

structure  of  65 

tendons  of,  389 

triangular,  '^8 

unstriped,  68 

voluntary,  64 


Mosdes  or  muscle,  descriptive 

anatomy : 
of  abdomen,  447 
abductor  hallucis,  530 

indicis,  496 

minimi  digiti  (foot),  531 
(hand),  494 

pollicis  (hand),  492 
accelerator  u  rinse,  461 
acoessorii  orbicularis  oris,  401 
accessorius  pedis,  532 

ad  ilio-costalem,  436 
adductor  brevis,  512 

longus,  512 

magnus,  513 

obliqnus  hallucis,  533 
pollicis  (hand),  493 

transversus  hallucis,  533 
pollicis,  493 
anconeus,  486 
antitragicus,  914 
aryteno-epiglottideus,  inferior, 
1107 

superior,  1107 
arytenoideus,  1106 
attollens  aurem,  394 
attrahens  aurem.  393 
azygos  uvulae,  422 
biceps  (arm),  476 

(thigh),  518 
biventer  cervicis,  437 
brachial  is  anticus,  477 
buccinator,  402 
bulbo-cavemosus,  461 
cervicalis  ascendens,  436 
chondro-glossus,  416 
ciliary,  of  eye,  898 
circumfiexus  palati,  422 
coccygeus,  460 
com  plexus,  437 
compressor  narium  minor,  399 

nasi,  399 

sacculi  laryngis,  1107 

urethroe,  465 
in  female,  1208 
constrictor  isthmi  fauciimi,  416 

pharyngeus  inferior,  419 
medius,  420 
superior,  420 
coraco-brachialis,  476 
comigator  of  cranial  regi<m, 
391 

cutis  ani,  1040 

supercilii,  395 
cremaster,  452 

crico-arytenoideus       lateralis, 
1106 

posticus,  1105 
crico-thyroid,  1106 
crureus,  510 
cutis  ani,  458 
deltoid,  471 
depressor  alfp  nasi,  399 

angnli  oris,  401 

labii  inferioris,  401 
diaphragm,  444 
digastric,  413 
dilatator  naris.  anterior,  399 

posterior,  399 
erector  clitoridis,  465 

penis,  462 

spinte,  434 
of  external  ear,  394 

sphincter,  458 
extensor  brevis  digitorum,  530 


r                  ^^^^" 

^^      nXDEX.  • 

^Hi 

1               Muscles  or   muscle,  descrititive 

Muscles  t>r   muscle,  descriptive 

Mued^o^noSe^Sw^^ 

L                            an  H  torn  V  ; 

Huatomy  : 

tinatoray  : 

^^H            extensor  brevii<  pullieis,  488 

levator  labia  superioris  alieque 

rectus  oeolt,  extertuis.  sitpefkc 

^^M                €»rpi  longinr,  4S4 

nai*i,  399 

inferior,  and  inteniiii|98i 

^^H                    rudJali^  breviar,  484 

pahiii,  421 

posticus  majifr,  4^0        ^^J 

^^H                   ulnar  is,  4H6 

jndpcbruN  395 

minor,  481)                   ^M 

^^H               e(>ecygig,  438 

jaotstatfe,  460 

retrahetis  aiirem,  394        ^H 

^^H               digittirnni  commuois,  485 

leva  tores  co^1a^um,  442 

rhomboidal,  38K                         1 

^^B               iiullcis,  488 

Hngualis.  415 

rhomboides  major,  4SI            J 

^^H               longue  digitoruiTi)  521 

longi^f^ii^uiii  dor^i,  436 

minor,  431                        ^H 

^^m                    poIlkMH~  48H 

longiis  ttilli,  425 

risoriua,  402                          ^^M 

^^H               oiLnimi  ijigiti,  485 

lumbrieales  (fool),  532 

rotatores  spinfp,  43S           ^H 

^^H               of^i  iDetac^rpi  polHcis,  480 

(band),  496 

sacro-Iumbalii^,  434             ^H 

^^H                prinVi     iiUeriKHlii     pollicis. 

ma«Hctf  r,  403 

sal  pi  ngo-p  b :  I  ry  ngeus^  42$  ^^ 

^H 

mulrifidus  spinns  'i38 

sartor i  us,  508 

^^H               propriuK  liulltich,  o21 

tjiustHdiii*  aweHtiorius  ad   ilio- 

scalenus  antieus,  425  ^^^^J 

^H           of  Jae«,  3U4 

ci»j«talem,  436 

medius,  425              ^^^^H 

^^H           femornl  region,  nnterior^  505 

inylo-livoid.  414 

potsticua.  426              ^^^H 

^^H                   iiit^nuil,  oil 

nniso-btialis,  3{)9 

sea  pn  lie,  431                    ~^^B 

^^H                   posterior,  518 

of  neck,  40i> 

semimembranogiis,  519   ^^M 

^^H           fibular  region,  527 

obliquus  abdomiuus  extemus, 

semistunalis  colli,  4S7       ^^M 

^^H            flexor  aeeeii8i>riuj4,  5S2 

44« 

dor^i,  437                            ^M 

^^H               brevis  d  igi  I  ornm,  530 

intern  us,  451 

sendtendinc3miB,  519            ^H 

^■^                   hallucis,  n32 

anris,  914 

8erratU8  ma^nuti,  470          ^H 

^^^^^            mini  mi  di^iti  (foot),  533 

capitis  inferior,  439 

posticus,  inferior,  432    ^H 

^^^K                    (hand),  494 

superior,  439 

su|>erior,  432                ^^| 

^^^^f           pollicis  (hand),  492 

obturator,  exterous,  518 

sole  of  foot,  529                   ^H 

^               carpi  radialis,  479 

interiius,  516 

first  layer,  530              ^M 

^H                    ulimrin,  4HU 

oeci  pilo-frontalis,  391 

fourtb  layer,  534  ^_^B 

^^H               digitoriini  Fidjlimis.  480 

oculi,  inferior,  397 

second  laver,  5^|^^^^| 

^^H                longu.s  digitoniin,  525 

superirvr,  397 

tbird  layer,  532^^^H 

^^H                    liidlueiH,  525 

omo-hyoid,  412 

Boleus,  523                     ^^^^^ 

^H                   po!lici8  ( bami ),  482 

opiwiiens  minimi  digiti,  495 

sphincter,  external,  458 

^^H               osHiH  meia(^rpi  pollicb,  492 

polUcis,  492 

intemab  459                      ^J 

^^H               proriintlfiB  digiiuruit],  481 

orbicularis  ons,  401 

tertins,  1042                     ^H 

^H           fusiform,  388 

i)alj>ebrarum,  394 
palate,  421 

Tagini4%  464                      ^^M 

^^B           gastrocne  rn  i  ui4,  5  22 

Bpinalia  colli,  436               ^^| 

^^H            gemi^llut^  inferior,  517 

palatv-glossus,  422 

dorsi,  436                    ^^^H 

^^H               superior^  517 

pa  1  ato-pl  1  ary  nge i is.  4 22 

^plenluii,  433                 ,^^^^| 

^^H           geiiio-hyo-g1og.«^u8,  415 

pal  ma  rig  bievis,  494 

capitis  433                ^^^H 

^^H            genio-hyoid,  41 1 

longus,  480 

colli,  433                    ^^^^ 

^^H           gluteus  maxim  us,  514 

p^X'tiiieus,  511 

stapeditis,  920                              J 

^^H               mediu^i,  515 

pectoral  is,  major,  467 

stern o-cleido-mastoid,  409  ^J 

^^H               minimns,  510 

mi  nor f  4G9 

fiterno-hyoidp  409                ^H 

^^H            graeiliii,  511 

pen  11  i form,  388 

stemo-tliyroid,  409              ^H 

^H           of  blind.  492 

of  periiieunij  female,  464 

slylo-glots^us,  416                  ^^| 

^^1            of  bpjid  and  face,  390 

male,  458 

gtytoJiyoid.  413                   ^H 

^^H            belici8,  major;  914 

1      pe  rone  us  brevis,  527 

stylo-pharyngeus,  420        ^H 

^^H                minor,  It  14 

lougiis.  527 

subaiicitneu^  47H                  ^H 

^H            Hilnm'K,  1107 

'  lertius,  522 

anbelaviiis,  469                      ^H 

^H            of  liip,  514 

of  pbarynx,  419 

subcrureus,  olO                    ^^M 

^^H           HonaerV  395 

plaiitaris,  524 

Bid  scapular  is^  472         ^^^^| 

^^H           liyo-gloeHUii,  416 

platysma  myoides,  407 

supinator  brevis,  48^  ^^^^H 

^^H           iliac  region^  503 

popliieiis.  524 

longus,  483                 ^^^^H 

^^H            ] Uncus,  504 

pronator  rpiadratua,  483 

Bnf>ras^pinale&,  438         ^^^^| 

^^H            ilio-coHlali.^j  434 

radii  teres,  479 

fiupntt^iinatus,  473              ^^M 

^^1            infraeoHtAl,  442 

psoas  mag n UK,  504 

lemporat,  403                ^^^^M 

^^H            infraspinatus,  473 

parvus.  504 

tensor  jialati,  422         ^^^H 

^^^             interco*+tal,  441 

pterygoid,  external,  404 

tarsi,  395                  ^^^H 

1                     intL^rnal  i^pbinck'r,  459,  1041 

juternul,  405 

lympanU  920         ^^^^^H 

u                    interossei  of  foot,  534 

pvrnmidalis  alidominifij  455 

vaginse  feinoris,  5Q|^^^^^| 

of  hand, 496 

^  nasi,  399 

teres  major,  474           ^^^^^| 

interspiiiales,  438 

pyriformis,  516 

minor,  474                  S^^^l 

intertransversales,  438 

qviudralus  femoris,  517 

t  hy  ro-ary  teti  oi  d eua,  1 19^^^^| 

isohio-cavemous,  462 

lumboriim,  458 

iliyro-epiglottic,  1107        ^^| 

labial.  400 

meuli,  401 

tbyro-hyoid,  411                 ^^M 

of  loiynx.  1105 

quadriceps     extensor    cruris, 

tibial b  antitnia,  521             ^^M 

latisgitniis  dnrsi,  430 

509 

l>osticus,  526                     ^^U 

of  leg.  520 

quadrilateral,  388 

of  tongue,  416                       ^^B 

levator  anguli  oris,  400 

recto-coccygeus,  1041 

trnebelo-masloid,  434$         ^H 

ani,  414 

rectus  alxforninis,  453 

tragi  CUB,  914                         ^^M 

gland  y Ire  tbymidett?,  1123 

capitis  aniicis  major,  424 

tran^cii^ersalis  abdominis.  4d^H 

1 13 bit  ill ferio rill,  4(}(i 

minor,  424 

colli.  436                           ^^ 

memi,  400 

fern  oris,  509 

trans veraus  atiricalae,  914         J 

superioris,  4U0 

lateralis,  425 

perimvi,  461                      ^H 

k 

_H 

I^^BEX, 

1288          1 

Muscle**  or  muscle,  descriptive 

Nasal  notch,  171 

Nerves    or    nerve,    descriptive               1 

luaatomj  r 

process,  192 

anatomy :                                     _^^fl 

transversus   perinsel  [female), 

spine,  171 

crural  anterior,  855                           ^^^| 

464 

anterior,  194,  217 

cutaneous.    See  thai  headiiig,           ^^H 

pmfandiis,  1208 

posterior,  196 

deep  pnlmar,  842                             ^^1 

tmpeziuB,  42B 
of  TreiU,  1018 

venous  arch,  651 

temporal,  805                                 ^^M 

Naaion,  217 

dental  anterior,  802                          ^^M 

triangular,  388 

Nasmytb'ii  membrane,  940 

inferior,  807                                   ^^^| 

triangulariH  ^terni,  442 

Naau-m axillary  suture,  217 

posteri(>r,  802                                ^^H 

trjceptSf  extensor  cruris,  509 

Nasopalatine  nerve,  803 

descend  ens  hyfkogloeei,  825              ^^H 

eubiti,  477 

Navicular  Ixtue,  304 

digastric,  from  facial,  813                ^^^^ 

femoral  Istj  510 

artieulatiouH  of,  305 

digital,  865                                         ^^1 

of  tynrpiinum,  920 

attachment  of   muscles  to, 

foot,  H64                                           ^^M 

of  ureters,  1146 

30.5 

hand.  841,  842                               ^H 

vastus  extermis,  509 

tuheroftitv  of»  304 

dorsal  ( band ),  845                            ^^M 

internes*  and  crureu«,  510 

Neck,  gbuds  of,  683 

peculiar,  848                                  ^^H 

zygonriticus  major,  400 

lymphatici;  of,  681 

of  penis,  861                                  ^^H 

minor,  40<J 

muscles  of,  406 

spinal,  846                                     ^^H 

Musclen  uf  iimpiniiion  and  ex- 

triangle  of,  anterior,  563 

doi^i'lumbnr,  848                             ^^H 

pi  ration,  444 

posterior,  b6^ 

eighth  pair,  815                                  ^^^H 

Muscular  cf^lumns,  6t> 

veins  of,  653 

elevent  i  pair,  823                            ^^H 
of  evebal  ,  793                                  ^^1 

fibres  oi'  lieitrt,  67 

Nerve-cells,  70 

procejjSp  1102 

Nerve-epithelium  cells,  78 

facial,  811                                            ^^1 

Muscular  in  mucoaie,  97 

Nerves,  structure  of,  73 

femonil  cutaneous,  862                    ^^H 

Museull  papilkres,  left  ventride, 

oerebro-spinal,  73 

fifth,  796                                             ^^1 

101)3 

endoueuriimi,  74 

fonrtb,796                                         ^H 

ri^ht  vent  ride,  1090 

epiueurium,  74 

frontal,  798                                         ^^ 

pectlnati  in  left  auricle,  1092 

funiculi  of,  73 

ganglionic    branch   of   nasal^              S 

in  right  auricle,  1089 

origin  of,  75 

799                                                     ■ 

Museula-ciilaneouEi  nerve  of  arni^ 

perineum,  74 

gastric  branches  of  vagus,  877               H 

839 

plexua  of,  75 

genito-crural,  852                               ^^H 

from  peroneal,  864 

sheath  of,  74 

glc«6o- pharyngeal,  816                    ^^H 

MuBCulo-Kpiral  grouvei  250 

sympathetic,  75 

ghileal,  inferior,  861                        ^^^1 

burgieal  anatomy  of,  844 

termination  of,  75 

superior,  861                                ^^^1 

nerve,  842 

vessels  of,  74 

great  petrosal,  804                           ^^H 

Musculo- phrenic  artery,  586 

Nerves    or     nerve,    descriptive 

splanchnic,  873                              ^^^H 

Muscitlus    accesBortUb    ad    ilio- 

anatomy: 

gustatory,  807                                        V 

costal  era,  436 

of  abdil€t^ms,  810 

hfemorriioidal,  inferior,  861                    1 

My e In- plaques,  55 
My hi-hyoicl  artery,  561 

accessory  obturator,  854 

of  heart.     Hee  Cardiac                       H 

anterior  crural,  855 

hepatic,  877                                         ^^« 

groove,  203 

articular,  842 

bypoglnssal,  823                                 ^H 

muscle,  414 

ascending  cutaneous,  862 

ilio-hypognstric,  851                         ^^^| 

nerve,  807 

auditory,  815 

ilio-inguinal,  851                               ^^^| 

ridge,  203 

roots  of  lateral,  815 

incisive,  807                                      ^^H 

Myot-ardiumj  1094 

n»esial,  815 

inferior  maxillary,  805                     ^^H 

Myrtiform  fosna,  190 

auricular,  posierior,  813 

tuframaxillary,  of  facial,  815          ^^^| 

of  vagus,  821 

infraorbital,  of  facial,  815                ^^^H 

N. 

auriculnriii  magnuH,  831 

iufrii trochlear,  799                            ^^H 

of  auriculo-iempt»ral,  806 

intercostal,  B4S                                 ^^H 

liaila,  92 

of  brachial  plexus,  834 

interoostodiumeral,  84"^                   ^^^| 

Kares,  aoterior,  222,  886 

buccal,  806 

interosseous,  anterior,  841                ^^^M 

posterior,  222,  886,  951 

of  facial,  815 

nosterior,  844                                ^^^| 

ischiadic,  great,  862                         ^^H 

small,  862                                      ^^M 

Beprum  of,  220,  886 

cardiac,  872 

liaaal  angle,  1811 

inferior,  872 

artety,  of  internal  maxillary, 
562 

middle,  872 

Jaeotiticui'^,  818                                  ^^^| 

plexus,  deep,  874 

hibiiil  803                                           ^H 

of  ophthalmic,  570 

auiieriicial,  874 

of  labyriurh,  927                                ^^H 

of  Beptuni,  556 

of  pneumtigajslrjc,  819 

lachryrimh  798                                   ^^^| 

honeij,  189 

superior,  871 

large  c^ivt^nous,  878                         ^^H 

articulations  of,  189 

cavemijytj,  of  i>enis,  878 

laryngeal,  external,  821                    ^^^^| 

development  of,  189 

cervical,  anterior,  830 

i'nterual,  821                                  ^^1 

cartilages,  885 

posterior,  828 

recurrent,  821                                ^^1 

crest.  189 

superficial,  831 

superior,  821                                    ^^^| 

duct,  911 

cervic<»- facial,  815 

leaser  splanchnic,  873                      ^^^| 

inline  nee,  171 

chorda  tympani.  812,  921 

lingual  of  fifth,  807                          ^^B 

foe6a\  219,  886 

ciliary,  loiip,  799 

of  ^hisHo-pharvngeal,  818                  V 

arterieii  of,  889 

short,  799 

of  liver,  105s*                               ^^M 

mucous  membrane  of,  888 

circumflex,  839 

long  ciliary,  799                               ^^^M 

nerves  of,  889 

coccygeal,  858 

saphenous,  856                              ^^^H 

surgical  anatomy  of,  889 

coch'lejir,  928 

thoracic,  837                                      V 

veins  of,  889 

communit^ans  hypoglossi,  833 

lumbar,  849                                              ■ 

groove,  189 

peronei,  863 

liimlKHsacnLl,  850                                       ■ 

nerve^  798 

coraco-hrachiulis,  837,  839 

malar  branch  of  orbital  nerve,               1 

nerves  from  Meckel's  ganglion. 

of  Cotunnitis,  805 

801                                         ^J 

804 

78 

1 

cranial,  792 

of  iacial,  814                           ^H 

^^^1234 

INDEX, 

^^^ 

^^H         Kerres    or    nerve,    deflcripti^e 

Nerves    or    nerve,    descriptive 

Nerves    or     nerve,    dwcripc]* 

^^^B                      anatom  J : 

anatomy : 

anntomy :           _^^^h 

^^H              mos^toric,  805 

posterior  anricular,  813 

vagu^,  819                   ^^^H 

^^M             mnxiilarv.  inferior^  805 

pterygoid,  805 

vestibular,  923           ^^^H 

^^m                 supenoT,  801 

ptervKO-palatine,  805 

Vidiiin,  804 

^^m             median,  840 

pudendal,  inferior,  862 

sphenoidal  6bMnefitv8(>4,8l 

^H             mental,  807 

py die,  861 

of  Wrisl)erig,  840 

^H             midiile  cardiac,  872 

pulnionary,  from  vagus,  822 

Nervi  clunitim,  inferiocci^  dtti 

^^H             motor  of  iLie  eye,  common^  794 

radial,  844 

medii,  857               ^^^^ 

^H                      external,  808 

of  rectum,  ltl!2 

superiores,  860      ^^^H 

i^^B              oii^sc-ulo- cutaneous,  of  arm,  830 

recurrent  laryngeal,  821 

-nervorum,  74            ^^^^B 

^^^1                 \v^,  hij5 

to  tentorium,  796 

tentorii,  797                      J^M 

^^H             musciilobpiral,  842 

renal  apbnchnic,  873 

Nervous  fibrous  matter,  7^1 

^^H              tnyU>'liynid,  807 

respiratory,  external,  837 

ganglia,  79                    ^M 
gelatinoufi  fibres,  72         ^M 
layer  of  retina,  899 

^^H             nasal,  Ironi  Meckers  ganglion, 

inlernaf,  833 

^m            803 

uacraJ,  857 

^^m                 from  nphtltalmic,  796 

plexus,  859 

suWtance,    cheoiical    A&aljd 

^H                  from  \  idinn,  803 

saphenouB,  long  or    internal. 

72                                 ^ 

^^m             naso-paktine,  805 

866 

gra^v,  69                           H 
white,  70                         H 

'^H              ninth,  816 

short  or  external,  863 

i^^H             obturritor,  8-54 

Bariorius,  855 

sympathetic,  73                ^M 

^^M            occipital,  of  facial,  813 

sciatic,  great,  862 

composition  of,  73       ^^ 

^H                 great,  828 

of  becond  cervical,  828 

^ntero,    general   anatoroT  a 

^H                 smnU,  831 

small,  862 

69 

^^H                 of  third  cervi call  829 

aliort  ciliary,  799 

white,  or  medullarv  aubstaoo 

^^m             oeaopliageal,  822 

sixth,  810  * 

70 

^^m             olfactory.  792 

small  cavernous,  878 

Nervus  cardiacus  magDiu^  87S 

^^m              <^ph  t  h  H  fin  i  Vy  7  97 

occipital,  831 

minor,  872 

^^B              optkv  793 

spinal.  826 

petrosns  profimdos,  801 

^^H             orbital    nerves    In    caTernoim 

aecessf>ry,  823 

BUperficialis  oordLs,  871 

^^H                      dntm,  810 

recurrent  branch,  827 

Neumann,  dectioal    sbcaili  a 

^^M                  in  orbit,  81 1 

roots  of,  820 

937 

^H                  tbeir  relation,  810 

Bplanchnif,  great,  873 

Nearoblasts,  121 

^^H                  in  hpheiR^idal  fissure,  810 

small,  873 

Neurokeratin,  73                  ^H 

^^H                 of  fiUf^iior  maxillary^  801 

smallest,  873 

Neurilemma,  71,  aolc.  ^^^H 

^^^H              palatine,  ant^'riur  or  large,  804 

of  stomach,  1007 

Neuroglia,  73                  ^^^^t 

^H                 external,  804 

Btylo-bynid  of  facial,  813 

of  cord,  698                ^^^H 

^^m                 posterior  or  small ^  804 
^^m              palmar,  cutaneous,  of  median, 

Bubclavian,  873 

Neuron,  69                      ^^^H 

Bubcj>stal,  848 

Ninth  nerve,  816          ^^^H 

^H 

suboccipital,  828 

Nipple,  1179                   ^^H 

^^B                     ulnar,  842 

paster ior  branch  of,  828 
suoscapuliir,  8:iS 

Nodes  of  Ranvier,  71         ^H 

^H              palt)ebral,  803 

NoduIuH,  732                         ^M 

^^H              of  pancreas,  1022 

Bu  peril  rial  is  colli,  831 

Non medullaled  tierre-fibr«;  f9 

^^m             par  yagnm,  811^ 

superior  cardiac.  872 

Nose,  885 

^^m             padietlc^  79B 

maxillary,  801 

arteries  of,  886 

^^H              pectineus,  855 

BU  pra*acrom  ial ,  832 

bonefiof,  189 

^^H              perforans  Caj^erii,  839 

Bupra clavicular,  832 

cartilage  of  septum  o^  886 

^^H              perlbratlng  cutaneous,  861 

Biiprama  III  la  ry  of  facial,  815 

cartikge«  of,  88-=i 

^^H              perineal,  801 

supra-orbital,  798 

development  of,  125 

^^H                  cutaneous,  862 

iupriicspiilar,  837 

roe»of,  219,  886 

^H                  super6cifli  861 

gapraatemal,  732 

mucous  membrane  ot  886 

^^H              peroneal,  K04 

supratrochlear,  798 

muscles  of,  398           S^^H 

^^1              petrosal,  deep  large,  804 

sympathetic,  867 

nerves  of,  886              ^H^H 

^H                     small,  816 

temporal,   of   auricijlo-tempo- 

surgical  anatomv  o(  ilP^H 

^m                 long,  816 

ral,  806 

veins  of,  886                        ^J 

i^^B                 superficial,  external,  or  large. 

deep,  805 

I^H                          804 

of  facial,  814 

cotyhiid.  278 

^^H                      email,  816 

tenifKiro- facial,  813 

ethmoidal.  173,  185    _^^^ 

I^^B             pharyngeal^  of  external  laryn- 

lemporo- malar,  801 
tenth,  819 

^reat  ^capillar,  244     ^^^^M 

^^H                      '   geal,  821 

intercondvlold,  288    ^^^^| 

^^H                  of  glosso-pliaryngeal,  818 

third,  or  motor  oculi,  794 

interlobular,  1049              ^M 

^^1                  of  Meckel'^  ganglion,  805 

thoracic  anterior,  838 

nasal,  171                              ■ 

^^^                   of  pneurnogaalric,  821 

posterior,  837 

posterior  cerebellar,  726  ^M 
Kivini,  914                           ■ 

[                         of  Bvmpsitbetic,  871 

tbyrn-byoid,  825 

'                       phrenic,  83H 

tibial,  anterior,  865 

sacro  aciattc,  greater,  270^^1 

plantar,  cutaneoua,  863 

ptwterior,  863 

lesser,  276                       H 

external,  804 

of  tongue,  883 

sigmoid,  204                        H 

internal,  863 

trifacial  or  trigeminus,  796 

sphenopalatine,  199         ^H 

pnenniogn»trlc,  819 

twelfth,  823 

supra*  orbital,  171              ^H 

linKoal  bratich,  821,  824 

tympanic  of  facial,  812 
'  of  gloctso- pharyngeal,  610 

suprascapular,  245            ^H 

popliteal,  exlernal,  864 

thyroid,  lliK>                      H 

internal,  8fiH 

ulnar,  841 

umbilical,  1049,  ia5l        ^M 

portia  dura,  811 

collateral,  843 

Notoehord,  107,  115               ■ 

inter  dnram  ct  moilem,  811 

uterine.  878 

Nuck,  cannl  of,  1162,  U77  ^ 

molliH,  811 

vaginal,  878 

Nuclei  of  medulla,  515 

INDEX. 
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Nuclei  of  optic  thalamus,  747, 
748 

pontis,  721 

Stilling,  737 
Nucleus,  717 

amygdalse,  760 

of  auditory  nerve,  716,  722 
accessory,  815 
dorsal,  815 
ventral,  815 

caudatus,  759 

of  a  cell,  39 

cuneatus,  714 
accessorius,  714 

dentate,  of  medulla,  710,  717 

facial  nerve,  722 

fifth  nerve,  722 

fourth  nerve,  744 

glosso-pharyngeal  nerve,  716 

gracilis,  714 

hypoglossal  nerve,  716 

lenticularis,  759 

Luys,  746 

olivary,  710,  743 

red,  743 

Rolando,  711 

sixth  nerve,  722 

spinal  accessory  nerve,716 

superior  olivary,  722 

third  nerve,  744 

va^s  nerve,  716 
Nutrient  artery  of  bone,  55 
NymphsB,  1164 

lymphatics  of,  689 

O. 

Obelion,  208 
Obex,  740 

Oblique  inguinal  hernia,  1187 
coverings  of,  1187 
ligament,  354 
line  of  the  clavicle,  239 
of  lower  jaw,  202 
of  radius,  259 
ridge  of  ulna,  256 
Obliquus  auris  muscle,  914 
extemus  abdominis,  448 
inferior  capitis,  439 

oculi,  397 
intemus  abdominis,  449 
superior  capitis,  439 
oculi,  397 
Obturator  artery,  622 
peculiarities  of,  623 
relation  of,  to  femoral  ring, 
1123 
externus  muscle,  518 
fascia,  1209 
foramen,  278 
intemus  muscle,  516 
ligament  or  membrane,  516 
nerve,  854 
accessory,  854 
surgical  anatomy  of,  866 
veins,  673 
Occipital  artery,  556 
bone,  164 
articulations  of,  168 
attachment  of  muscles  to,  168 
development  of,  167 
crests,  164,  166 

protuberances,  164,  166 
fosse,  165 
lymphatic  glands,  681 


Occipital  lymphatic  gfroove,  176 

sinus,  659 

triangle,  565 

vein,  653 
Occipito-atlantal       articolation, 

325 
Oocipito-axial  articulation,  326 
Occipito- frontalis  muscle,  391 
Occiput,  arteries  of,  556 
Ocuhir  cleft,  123 

cup,  123 

vesicle,  primitive,  123 
secondary,  123 
Odontoblasts,  935 
Odontoclasts,  943 
Odontoid  ligaments,  326 

process  of  axis,  148 
(Esophageal  arteries,  606 

branches  of  vagus  nerve,  822 

glands,  953 

incisure,  1052 

opening  of  diaphragm,  446 

plexus,  822 
(Esophagus,  952 

lymphatics  of,  692 

nerves  of,  954 

structure  of,  953 

surgical  anatomy  of,  954 

vessels  of,  953 
Olecranon  process,  254 

fracture  of,  501 
Olfactory  bulb,  782,  788 

cells,  888 

foramina,  185 

fosssp, /oetal,  125 

lobe,  782 

lobule,  anterior,  782 
posterior,  784 

nerve,  792 

roots,  784 

sulcus,  792 
surgical  anatomy  of,  793 

tract,  782,  783 
Olivary  bodies  of  medulla  ob- 
longata, 710,  717 

nucleus,  710 

peduncle,  715 

process,  180 
Olive,  710 
Omega  loop,  1044 
Omental  plate,  975 
Omentula,  1028 
Omentum  (X)licnm,  988,  991 

gastro-oolic,  991 

gastro-splenic,  971,  991,  1076 

great,  971,  973,  975,  991 

hepato-gastric,  971,  991 

lesser,  971,  991,  1053 
Omo-hyoid  muscle,  412 
Omphalo-mesenteric  arteries,  foe- 
tal. 127 

duct,  109 

veins,  127 
Opening  of  aorta  in  left  ventricle, 
1092 

aortic,  in  diaphragm,  446 

canal,  in  diaphragm,  446 

of  coronary  sinus,  1089 

of  inferior  cava,  1088 

left  auriculo-ventricular,  1092 

of  pulmonary  artery,  1090 
veins,  1091 

right      auriculo  -  ventricular, 
1092 

saphenous,  507,  1092 


Opening  of  superior  cava,  1090 
Operations: 

amputations  of  foot,  311 

of  penis,  1037 
arteries,  ligature  of,  abdominal 
aorta,  609 
axillary,  591 
brachial,  596 
carotid,  common,  550 
external,  551 
internal,  568 
femoral,  633 
iliac,  common,  619 
external,  628 
internal,  621 
innominate,  546 
lingual,  553 
popliteal,  638 
radial,  598 
subclavian,  579 
thyroid,  inferior,  585 
tibial,  anterior,  642 

posterior,  645 
ulnar,  602 
catheterism     of     Eustachian 

tube,  952 
cholecystotomy,  1066 
for  deft  palate,  423 
colotomy,  1047 

division  of  nerves,  facial,  815 
infraorbital,  809 
lingual,  809 
sciatic,  great,  866 
spinal  accessory,  822 
supra-orbital,  809 
excision  of  ankle,  380 
elbow,  353 
hip,  367 
knee,  375 
of  shoulder,  349 
extirpation  of  spleen,  1082 

of  thyroid,  1124 
gastrostomy,  1008 
gastrotomy,  1007 
hamstring    tendons,    division 

of,  520 
laryngotomy,  1112 
lithotomy,  1207 
nephrotomy  and  nephrectomy, 

1135 
oesophagotomy,  954 
paracentesis    of   pericardium, 

1086 
prostatectomy,  1150 
puncture  of  the  bladder,  1146 
removal  of  the  bladder,  241 
lower  jaw,  226 
scapula,  247 
testis,  1159 
tongue,  418,  883 
upper  jaw,  226 
for  strabismus,  398 
tapping  chest,  238 
for  torticollis,  411 
tracheotomy  1112 
venesection,  663 
Opercular,  778 
Ophthalmic  artery,  668 
ganglion,  799 
nerve,  797 
vein,  659 
Opponens  minimi  digiti  mosde, 
495 
pollicis  muscle,  492 
Optic  commissure,  762 
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^H          Optic  fomnieD,  ISO,  21€ 

Oviducts,  1174 

Pancreas,  971,  1067         ^H 

^H              groove,  180,  210 

Ovisacs  of  ovarv,  1176 

development  of^  134       ^V 

^^H               nerre,  7^3 

Ovula  of  Naboth,  1172 

leaser,  1070                              ' 

^^^^^            iDtercerebral  fibres  of,  793 

Ovom,  100 

lymph -veseels  of»  1072         i 

^^^^H           interretinal  Ebres  ot,  793 

cleavage  of,  102 

lymphaticB  of,  690          ^H 

^^^^^          aurp^icul  anatotn y  Qi\  794 

discharge  of,  1177 

relations  of,  1071             ^^H 

^^^^^       recess,  751 

discus  prtiligerus  of^  100 

fliructure  of,  1U72            ^H 

^H              thalamus,  74&-748 

fecundation  of,  102 

surface  form  of^  107:1      ^H 

^^B              tntL%  752 

germ i mil  upot  of,  101 

surfai-es  of,  1069            ^^B 

^^1               vehicle,  752 

vtfsicleof,  101 

surgical  an  atomy  of,  l^^^^B 

^H           Ora  serrata,  898 

vitelline  membrane  of,  100 

vcse^eb  and  nerves  ot,  ^i^| 

^H           Ural  oivity,  930 

yolkoi;  101 

Pancreatic  arteries,  612    ^H 

^^H               sinuB,  119 

zona  pellueida  of,  100 

duct,  1070                           ^H 

^^B          Orbicular  bone,  919 

Oxyntic  cells  of  peptic  glands, 

plexus  of  nerves^  877     ^H 

^^H                ligament,  353 

1007 

veins,  675                            BB 

^^H           Orbicularis  uri^  inuiKiJe,  401 

Pancreatica  magna  artery,  wl 

^^H               pal|>ebnirun],  394 
^H          Orbit,  217 

P. 

Pancreatico'duodeiial  artery^  i 
ferior,  $13                  ^h 

^^H               arteries  of,  5l>d 

Pacchionian  depreeaiouB,  169 

superior,  611                   ^H 

^^H               muscles  of,  396 

glands,  657 

plexus  of  nerves,  877     ^^\ 

^^H              relation  of  nerves  Id,  811 

Pacinian  corpuscles,  77 

PapillH  lacbrymalifty  910 

^^m          Orbital  arl^rj,  f}62 

Pad,  incisive,  944 

spiralis,  9ti5                         ^i 
Vateri,  1070                       ^B 

^^H               foramina,  183 

Palatal  glands,  944 

^H              nerve,  SOI 

Palate^  a|:K»nenrosis  ofj  422 

Papilla*  c^onicae  vel  &liforQ^H 

^^H              pmoese  of  malar,  197 

arch«?«  of,  944 

fungiformes  (medisp),  ^^H 

^^1                   of  palitte,  199 

bone,  197 

maximflp  (circum^^allatfl^H 

^^H           Organic  conathuent  of  bone,  60 

articulations  of,  200 

of  8kln,  91                         ^^B 

^^H           Orgatns  of  if<>)gi,  78 

attnchmeut    of    muscles   to, 

of  teeUi,  939,  941            ^H 

^^K          Orifice,  anal,  1038 

200 

of  tongue,  880                    ^* 

^H             08  C3ici£,  2^^9 

development  of,  199 

Papillary  layer  of  skin,  91 

^^M                  iievelopment  of^  308 

horizontal  plate  of,  197 

Par  vaguni,  *819                       ^^ 

^^H              hyoid»,  227 

orbital  process  of,  199 

Paraglobulin,  36                      ^B 

^^H              innoDiitiatum,  272                      i 

process   of  superior   raaiil- 

Parama^toid  process,  IfSo   ^H 

^^H                   development  of,  278 

lary,  193 

Parietal  bone»,  lt>8               ^H 

^^H              magnum  of  carpus,  266 

gfihenoidal  pnxsieas  of,  199 

articulations  of,  170      ^H 

^^H               orbicitUre,  919 

turbinated  crest  of,  198 

attachment  of  muscles  td^RI 

^^H              pliiTium^  186 

vertical  plate  of,  198 

develo|iment  of^  170 

^^H              nngutH,  195 

development  of,  119 

cells  of  peptic  glands,  1007 

^^B              uteri,  1169 

hard,  944 

eminence,  168 

^^1          Ossa  triquetm,  188 

nuiflclt^  of,  421 

foramen,  169 

^H          Oesicula  auditua,  919 

soft,  944 

veins,  131 

^^H                  Jigaiiientfi  of,  919 

Palatine  artery,  ascendiu|^,  565 

Parietosphenoid  artery,  573 
Paroophoron,  l^^i,  1177 

^^H          Ossificalion  of  bone^  60 

de«eendiug  or  jjosterior,  662 

^^1               defects  in,  1B3 

canal,  acce«sorj',  197 

Parotid  fascia,  403,  408 

^^B              tntraairtilHginous,  60 

anterior,  194 

gland,  945 

^^H              intmmenibranouH,  63 

posterior,  197 

accessory  portion  of,  947 

duct  of,  946                     _^J 

^^H              |:ieriod  of,  64 

fossa,  anierior,  194 

^^H              of  i^[)ine,  pirogresB  in,  154 

nerv*«,  804 

nerves  of,  947                 ^H 

^^H              fiubi^i-eriofiteal,  59 

process  of  sujierior  maxillary, 

vessels  of,  947       ^^^M 

^H          OHteoblatfts,  60 

193 

lymphatic  glands,  6^^^^H 

^^B           Osteoclasts,  56 

Palato-gloasus  muscle,  416,  422 

veins,  652                    ^^^H 

^^B          Ostecjlogy,  143 

Partwarium,  138,  1177  ^^^B 

^^B          Obti  1 1  ni  a l>d o m  i nale  nf  FalJ opian 

Pahnar  arch,  superficial,  604 

ParH  pvlorica,  1000               ^H 

^H                      tube,  1174 

branches  of,  604 

Patella,  291                             ^H 

^^H              internum  or  literinuin,  1170 

surfjice -marking  of,  604 

articulatioas  of,  29:2           ^| 

^^H          Otic  ganglioHt  S07 

cutaneous  nerve,  841,  842 

at-tachment  of  njiisciai  to^  B^ 

^H          Otolitbs,  927 

fascia,  490 

development  of,  292 

^^B           Otillet  of  pelviH,  281 

mtcrossei  arteries,  601 

fradnre  of,  537                     ^ij 

^^H          O^'ariau  arteries,  616 

nerve,  deep,  of  ulnar,  842 

structure  of,  292                  ^B 

^^y              plexus  of  nerves,  876 

superficial,  of  ulnar,  842 

surface  form  of,  292           ^H 

P                      veins,  674 

vema,  663 

surgictd  miutoniy  of,  292  ^H 

1                  Ovary,  1175 

1  at  maris  brevis  muwde,  494 

Peoc^uct,  re^rvoir  of,  t>SO     ^H 

development  of,  137 

longus  muscle,  480 

Pectmeus  muscle,  oil            ^H 

Graafian  follicI&H  of^  1176 

Palpebne,  907 

nerve,  855                             ^H 

li^ment  of,  1177 

Palpebral  arteries,  570 

Pectiuiform,  septntn,  1151   ^^| 

lymphatics  of,  690 

cartilages  or  plates,  907 

Pectoral  region,  dI««octk]li  4^^B 

nerves  of,  1178 

fissures,  907 

ridge,  24^  ^                       ^H 

ovicapiule  of,  1176 

surface  form  of,  911 

Pectoralis  major^  467            ^^| 

shape,  portion,    and    dimen* 

foldH  of  conjunctiva,  908 

minor,  469                          J^^ 

sions,  1175 

ligaments,  908 

P^>uluir  dofsal  renehne«  151      ' 

Blronia  of,  1176 

muscles,  394 

Pedicles  of  a  vertebra,  1 44 

tUBica  alhnginea  of,  1176 

veiuH,  inferior,  652 

Peduncles  of  cervbeHum,   tafe^ 

veseels  of,  1 178 

superior,  652 

rior,  734,  735,  73« 

Pampiniform    ph^xua    of    veins,  i 

middle,  734,  73.>.  738 

1176                                  'J 

674,  1155,  1178 

superior,  734«  7S5,  73S 
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Peduncles,  inrprior,   nf  cerebel- 

Perineal body,  1164 

Pharyngeal  nerve,  from  external 

1 

lum,  712 

fascia,  deep,  463,  1204 

laryngeal,  821 

m 

middle,  of  cerebelluin,  720 

^superficial,  460                         ' 

from  gl*>Sife(*>i»haryn^eal,  818 
from  Meeker  s  ganglion,  805 

H 

olivary,  TI^i 

nerve,  861 

^^H 

HUperiurj  nf  cerel>enum,  720 

cutaneou«,  862 

from  sympathetic,  871 

^^H 

Pedunculi  cerebri,  742 

HUperiicial,  861 

from  vagUH,  821 

^^^1 

Pelvic  cavity,  95b 

Perineum,  1201 

ptexuH  of  nerves^  821,  &71 

^^^1 

faacln,  120^ 

abnormal  course  of  arteries  in, 

spine,  165 

^^^1 

parietal  or  obtumtor  layer^ 

120H 

toniiil,  953 

^^^1 

120^ 

deep  boundarit^  of,  1203 

vein,  654 

^^^1 

visceral  laver,  1210 

development  of,  140 

Pharynx,  951 

^^^1 

Kirdle,  238 

in  the  female,  1207 

aponeuHKiis  of,  951 

^^^1 

plexuB,  878 
Pelvift,  279 

IvmphaticM  of,  689 

MterieK  of,  558 

^^^1 

in  the  male,  1202 

development  of,  132 

^^^1 

arteries  of,  620 

muscles  of,  458 

miicoUH  membrane  of,  951 

^^^1 

articulationH  of^  336 

surgical  aniitomy  of,  1201 

mtisdesof,  419 

^^^1 

&xe»  nf,  282 

Perineurium,  74 

enrgical  anatomy  of,  952 

^^^1 

boundaries  of,  279 

Periosteum,  54 

Phleboliths,  673   ' 

^^^1 

brim  of,  2H0 

of  teeth,  932 

Phrenic  arteries,  616 

^^^1 

cavily  of,  2K1 

Peripheral  termination  of  nerves, 

nerve,  833 

^^H 

diametera  of,  282 

76 

plenis  of  nervea,  875 

^^^1 

false,  2.S0 

Peritonea]     relaticms    of    liver, 

veins,  675 

^^^1 

■                 inlet  of,  281 

1054 

Phreni CO- hepatic  fo»«a,  994 

^^^1 

'                  of  kidney,  1128 

spleen,  986,  1076 

Phreno-colic  ligament,  1036 

^^^1 

Li^amentH  of,  '4M 

gae,  986 

Pi  a  mater  of  cord,  705 

^^^1 

lymphatics  of,  *i.S7 

Peritoneum,  955,  962,  978 

Pigment,  50 

^^H 

male  and  female,  djfierences 

development  of,  967 

of  iri.%  897 

^^H 

of,  282 

parietal,  986 

of  »kin,  91 

■ 

oQtIet  of,  281 

visceral,  988 

Piirmentary  layer  of  retina,  ^\ 

Pillars  of  diaphmgni,  446 

H 

position  of,  282 

Perivascular  Ivrnph-sheathB,  87, 

H 

of  viscera  iit  outlet  of,  1206 

657 

of  extenial    alxiominal    ring, 

H 

surface  form  of,  2H3 

Permanent  cartilage,  61 

449,  1182 

1 

surjficid  aiiatomv  of,  283 

teeth,  932 

of  fauces,  944 

^^B 

Penis;  1150 

Peroneal  arterk',  646 

Pineal  gland,  748 

^^H 

arteries  of,  1152 

anterior,  646 

recesis,  748 

^^H 

hody  of,  1150 

peculiarities  of,  646 

arteries  of,  914 

^^H 

corpora  cavenioflii,  1 151 

nerve,  864 

Pinnaof  ear,  912 

^^^1 

cor(nis  spi>n^ot<um,  1152 

ridge,  301 

cartilage  of,  912 

^^H 

development  of,  140 

veins,  671 

li^anicnt^  of,  913 

^^^1 

dorsiil  arlery  of,  t^24 

Peroneus  hreyis  mnscle,  527 

mnsi'lesof,  913 

^^^1 

nerve  of,  8<il 

loupes  mnwie,  527 

nerves  of,  914 

^^H 

vem  of,  fi73 

tertius  rouistle,  522 

Btructure  of.  912 

^^H 

lymphatics  of,  689,  1153 

Perpendicular  plate  of  ethmoid) 

ye»*els  of,  914 

^^B 

muscles  of,  4*>2 

186 

Piaifonn  hone,  264 

■ 

nerve*  of,  11  o3 

line  of  ulna,  258 

Pituitary  Inxly,  751 

1 

prepuce  of,  1151 

Pe«  act^-esHtmut*,  759,  765 

develiipmeut  of,  119 

H 

root  of,  lloi 

anserinui*,  812 

foHBa,  180 

■ 

Btmclure  of,  1153 

hippocampi,  759 

membrane,  B87 

H 

surgical  anatomy  of,  1153 

Petit,  am  a]  of,  905 

Pivot-Joint,  316 

^^B 

auspensory  ligament,  1150 

triangle  of,  449 

Placenta,  1 15 

^^^1 

Penniform  muKcle,  388 

Petrosaf  nerve,  deep  large,  from 

Placental  sinus,  115 

^^^1 

Peptic  glands  HXm 

Vidian,  804 

circulatioo,  129 

^^^1 

Perforans  ( 'a.sKerii  nerve,  839 

itmall,  818 

Plantar  arlery,  extemBl,  647 

^^^1 

Perforating  arterie-H  of  hand,  601 

lonpr,  818 

internal,  647 

^^H 

frftm  nianimar)"  arter}",  686 

small  Rujierlicial,  818 

cutanet>ut*  nerve,  863 

^^H 

froui  plantJir,  647 

»n|>eriiLnal  lar^,  804 

fascia,  529 

^^H 

from  profunda,  636 

sinus  inferior,  660 

ligaments,  381 

^^H 

cutaneout*  nerve,  861 

Riiperior,  6t)0 

neT^-^e,  exiemal,  864 

^^^1 

Perica?fal  ft>t<Hjt»,  997 

F*etro-mat4toid    portion    of   tem- 

internal,  863 

^^^1 

Pericanliac  arteries,  586,  606 

jHjral  bone,  179 

veinss  external,  H71 

^^^1 

Pericardial  cavity,  955 

Petro-occipital  suture,  20 r 

internal,  671 

^^^1 

Pericardi«i-tboracic  cavity,  955 

Petro-«phenoidal  suture,  207 

Plantarifl  mu^scle,  524 

^^H 

Pericardium,  <livertiptila  of,  1084 

Pet  roTiR  gand  ion  ,817 

Plasma,  36 

^^^1 

fibroui<  Javer  of,  IU84 

jiorlion  of  tern  [Kind  l>one,  176 

Plate**,  omenta!,  975 

^^^1 

nerves  ofj  1085 

Peyer's^lfind*^,  1025 

tarsal,  908 

^^^1 

relations  of,  1083 

Phaltknjrt»s,  hand»  270 

tympanic,  914 

^^H 

serou-s  laver  of,  1085 

articuhitions  of,  270,  362 

Platvama  mvoides,  407 

^^H 

Htructiire  of,  1084 

development  of,  272 

Pleura,  9.5,5,*  1113 

^^H 

vefisels  of,  1085                           i 

foot,  308 

cavity  of,  955,  1113 
costal  i.H,  1113 

^^H 

ve^ttig-ial  fold  of,  1085                 , 

articulations  of,  308,  387 

^^H 

Peri choud  ri  u  m ,  5 1 

development  of,  308 

pnlmonalis,  1113 

^^H 

Perilymph,  926 

Pharyngeal  aponeurosis,  951 

reflections  of,  iraced,  1113 

^^H 

Perimysium,  65 

artery,  asw^ending,  558 

surgical  anatomy  of,  1114 

^^^1 

Perineal  artery,  superficial,  625 

ganj;tSl<^i  871 

vessel 9  and  nervt«  of,  1114 

^^^1 

tnmsver^/  623 

glands,  951 

Pleural  cavity,  955 

1 

1 
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^^H 

■              Pleural  HinuseH,  111  A 

Pons,  raphe  of,  721 

Prooe»e8   or    pr«x?e»j:    cufoi3«iJd,i 

m             Pkius  of  nerves,  75 

Tarini,  750 

of  lower  jaw,  204               ' 

^^L            brachial,  834 

Varolii,  719,  724 

of  ulna,  264 

^^H           ciirdiac,  deepf  874 
^H               superficial,  874 

Ponticulus,  710 

costal,  14« 

Popliteal  arler%%  637 

etbmoida]     of    inferior   turl»- 

^^m           carotid,  ^69 

brandies  of,  *i39 

nated,  200 

^^B              eztomal,  8159 

peculjarities  of,  638 

frrmtal  of  mnlar,   19i> 

^^^H          cavemouf^  869 

surface-mark  in  ler  of,  638 

banmlar  of  laclirynial,  195 

^^^1          cervicid,  831 

BUriarical  anatomy  of,  638 

of  spbeijoid,   183                      ' 

^^^1               »uf>ert^cml^  831 

unuKual  bran  eh  G9,  638 

of  helix,  Dia 

^^H          choroicl,  760,  769,  770 

lympbatic  glands,  686 

of  Ingraft  las,   183 

^^^B          cti'Uftc,  87tj 

nerve,  extenial,  864 

jugular,  166 

lachry^mnl^    of    inferior   tmli* 

^^^B           coronary,  anterior,  875 

^^^B               poBlerior,  874 

internal,  863 

liattnl   bane,  200 

^^H           cysticj  877 

space,  637 

makr,  192 

^^^B           diapkxaffinatic,  875 

eurfftce  of  femur,  286 

of  malar  bone,  106 

^^H           epigastric  or  Boliir,  875 

vein,  671 

mammillary,  152 

^H          facial,  871 

Fopliteus  muscle,  524 

masitotd,  170 

^^1           gastric,  877 

Pores  of  the  skin,  95 

maxiliarv,   of    inferior    ttuii* 

^^1          gastTo-duodenal,  877 

Portal  canals,  10.^7 

nattd,  200                               i 

■  *tr^f '"'"'  "^ 

vein,  674,  ia57 
Portio  dura  of  seventh  nerve,  811 

mental,  202                                    j 
nmBc:njlar,  1102                              J 

^^H           great  cardiac,  874 

inter  durern  et  mollem,  811 

naiiial,  192                                ^m 

mollis,  811 

odontoid  of  axis,  147        ^^| 

^^^1               superior,  378 

Porufi  opticus  of  sclerotic,  892 

olecranon,  254                       ^^| 

^^H           li«patic,  877 

PoBterior.     See  %mder  each  sepa- 

olivarv, 180                            ^H 

^^m           bjpogi]i«tnc,  877 
^^1               inferior,  878 

rate  htad. 

orbital,  of  malar,  196         ^^ 

Posterior  glenoid  pnx^esfe,  174 

of  palate,  199                           " 

^^m           lumbar,  850 

and  interior  choroid  artery,  684 

palatine,    of    stuperior    maxil-  I 

^^^H           met^nteru'^  inferior,  877 

frontal  artery,  572 

lary,  193 

^^^H               superior,  877 

longitudinal  bundle,  718,  742 

post-glenoid,  174 

^^H           (F8op boreal,  822 

PoBtero-lateral    ginigl ionic  arte- 

ptenrgoid, of  palate  Uioe,  V^  \ 

^^1           ophtbalniir,  869 

ries,  584 

of  sphenoid,  183 

^^^B           ovarian,  870 

median  jranglionie  arteries,  684 

sphenoidal,  of  palntet,  199         j 

^^B           pancreutjc,  877 

Post-gienitid  proL'tte*,  174 

Bpinons  of  ilium,  275                 j 

^^H          pancreatico-duodenal,  877 

Post-patellar  burna,  510 

of  tspbenoid,  1S2        ^^^^J 

^H          p«telH  856 

Pott's  fracture,  538 

tibia,  293               ^^^H 

^^1           pharjngeal.  821,  871 

Pouch  of  IkjuglaH,  971,  988 

styloid,  of  radiii«v  2(SII^^^^| 

^^H          phrenic,  875 

recto-uterine,  981 

of  temp<iral,  178              ^^| 

^^H          prcetatic,  878 

reeto-vii^jual,  981 

of  ulna,  258                        ^H 

^^^1           puluionan',  anterior,  822 

recto- vesical,  981,987 

unciform,  207                          ^^m 

^^H               pci«^erior,  822 
^^m          p^rlorie,  877 

vesico-uterine,  981,  988 

of  ethmoid,  186                        j 

Pouches,  larvugeal,  1105 

Taginal,  of  sphenoid,  182          1 

^^H           renal,  875 
^^H           iiacral,  857 

Poupart/s  ligament,  1183^  1195 

of  temporal,  178                        , 

Precuneus,  780 

vermiform,  of  cerebellum,  727    i 

^^H           si^oid,  877 
^^^1           0olar,  875 

Prepatellar  bnn*a,  510 

inferior,  727 

Prepuce,  1151 

vm^l,  1102 

^^H           sperm  11  tir,  875 

of  clitoris,  1164 

zygomatic,  197 

^^^H            splenic,  877 

Prealernal  nntcli,  229 

ProceAUS  brevis  of  malleofl,  919 

^^^B           BUperiiclal  cardiac,  874 

Pre*ttemum,  229 

caudatus^  913 

^^^B           eupnirenal,  875 

Prevertebral  fascia,  409 

cochleanformjB,  179,  917 

^^B           tonsillar,  818 

Prevesical  space  of  Retains^  981 

gracilis  of  malleini,  919 

^^^B           tympanies  810 
^^^B           uterine,  878 

Prickle  cellH,  43 

Profunda  cerviciii  artery,  687 

Primary  areola'  of  Iwae,  60 

fenioris  artery,  635                ^_ 

^^m            vaginal,  878 

Primitive  aorta,  127 

inferior  artery  of  arm,  59d^H 

^^r           vertebral,  872 

fibrillar  of  SeliulLae,  71 

superior  arter?  of  arm,  59fli^H 

W                   vesical,  878 

ju^lar  veinK,  132 

vein,  672                                ^H 

B                PlexuM  magnum  profundus,  874 

ode  ve*irh*,  124 

Projection  fibres,  785,  786       ^H 

B                    of  veins.     See  Veht», 

sheath  of  nerve- fibre,  71 

Promontory  of  sacnim,  155      ^il 

■                Pli*%i  epi^^rica,  %4,  11  &0 

trace,  104 

of  tympanum,  916                        i 

^^H            hyi)4>lQr{i^triL»,  V'64,  1190 

Prinoeps  cervicis  arterj%  557 

Pronator  quadratiis  mn44*le,  ^''^S 

^^^H           pni^[)vtoric3i,  1000 

poUicis  ariery,  600 

radii  teres*  mudcle,  479 

^H           recti;  1041 

Processeis  or  prtxieas:   acromion, 

ridge,  256                                         1 

^^^B           semilunaris,  909,  987 

244 

Pronephros,  135                                  1 

^^^P            transversal  iH,  1042 

alvetilar,  193 

ProniicleuB,  female,  103          J 

P                   uracbi,  964 

angular,  external,  171j 

male,  103                               ^H 

1                     ureterico,  1144 

internal,  171 

Progeneephalon,  121,  706,  7^H 

Plicfe  a<lip<)tw,  986 

auditory,  177 

Prostate,  hypertrophy  dL  It^H 

paliuatfp,  1171 

ciliary,  895 

gland,  1148                          ^H 

Pneumojcii^tric  nerve,  819 

clinoid,  anterior,  183 

levator  nni»c1e  nf,  460     ^H 

Polar  globule*^  of  Robin,  101 

middle,  180 

lobes  of,  1149                     ^H 

Pomum  Ad  ami,  1100 

pot^terior,  181 

lymph  a  tics  of,  tSS9              ^^ 

Pons,  ^rav  matter  of,  721 

eoe b lea ri form,  179,  917 

purgical  anatomy  of,  1140 

hepati^;  1051,  1062 

condyloid  of  lower  jaw,  204 

vessels  and  nerves  oj;  1 149 

nuclei  of^  721 

coraeoid,  245 

Prostatic  plexus  of  Qerv«a»  t7% 

INDEX. 
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Flroetatic  plexus  of  veins,  673 
portion  of  urethra,  1146 
sinos,  1146 
Protoplasm,  39 

Protoplasmic  process  of  nerve- 
cells,  70 
Protovertebne,  107 
Protovertebral  column,  116 

somites,  107 
Protuberance,  occipital,  external, 
164 
internal,  166 
Psoas  magnus  muscle,  504 

sui^ical  anatomy  of,  505 
parvus,  504 
Pterion  ossicle,  188 
Pterygfoid  arteries,  562 
fossa  of  lower  jaw,  204 

of  sphenoid,  183 
muscles,  404 
nerve,  806 
plexus  of  veins,  652 
process  of  palate  bone,  198 
processes  of  sphenoid,  183 
ridge,  182 
Pterygo-maxillary  fissure,  216 

ligament,  402 
Pterygo-palatine  artery,  562 
canal,  182 
nerve,  805 
Pubes,  angle  of,  277 
crest  of,  277 
08,  277 
spine  of,  277 
symphysis  of,  277,  339 
Pubic  arch,  281 

articulations  of,  339 
portion  of  fascia  lata,  508 
Pubo-prostatic  ligaments,  1142 
Pudendum,  1163 
Pudic  artery,  accessory,  624 
deep  external,  635 
internal,  623 
in  female,  625 
in  male,  624 
peculiarities  of,  624 
superficial  external,  635 
nerve,  861 
vein,  external,  670 
internal,  672 
Pulmonary  artery,  540,  1119 
opening  of,  in  right  ventri- 
cle, 1090 
capillaries,  1119 
sinuses,  1091 
veins,  649,  650,  1119 
openings    of,    left    auride, 
1091 
Pulp-cavity  of  tooth,  935 
enamel,  940 
formative,  941 
permanent,  941 
of  teeth,  development  of,  943 
Pulvinar,  746,  758 
Puncta  lachrymalia,  911 

vasculosa,  755 
Pupil  of  eye,  896 

membrane  of,  898 
Pnrkinje,  axis-cylinder  of,  71 
corpuscles  of,  736 
granular  layer  of,  936 
vesicle  of,  101 
Putamen,  760 
Pyloric  artery,  611 
glands,  1006 


Pyloric  plexus,  877 
Pylorus,  1000 
Pyramid,  716 

of  cerebellum,  731 

of  thyroid  gland,  1123 

of  tympanum,  916 

in  vestibule,  921 

Pyramidal  tract,  700 

crossed,  710 

direct,  710 

Pyramidalis  muscle,  455 

nasi,  399 
Pyramids  of  Ferrein,  1131 

of  Malpi^hi,  1129 

of  medulla,  709 
decussation  of,  710 

of  the  spine,  161 
Pyrifornus  muscle,  516 

Q. 

Quadrate  lobe  of  liver,  1052 
Quadratus  femoris  muscle,  517 
lumborum,  458 

fascia  covering,  458 
menti,  401 
Quadriceps  extensor  cmris  moch 
cle,509 

R. 

Bacemose  glands,  99 
Recessus  peritonei,  994 
Radial  artery,  597 
branches  of,  599 
peculiarities  of,  598 
surface-marking  of,  598 
suigical  anatomy  o^  598 
lymphatic  glands,  684 
nerve,  844 
recurrent  artery,  599 
region,  muscles  of,  483 
vein,  663 
Badialis  indicis  artery,  601 
Radiations,  optic,  747 
Radicular  zone,  anterior,  700 
Radio-carpal  articulation,  356 
surface  form  of,  357 
surgical  anatomy  of,  357 
Radio-lunar   articulations,   infe- 
rior, 355 
middle,  354 
superior,  353 
Radius,  259 

articulations  of,  261 
development  of,  260 
fracture  of,  501 
grooves  in  lower  end  of,  260 
muscles  attached  to,  261 
oblique  line  of,  259 
sigmoid  cavity  of,  260 
surface  form  of,  261 
suigical  anatomy  of,  261 
tuberosity  of,  259 
and  ulna,  fracture  of,  502 
Radix  mesenterii,  990 
Rami  of  the  lower  jaw,  203 
Ramus,  horizontal,  of  pubes,  277 
of  ischium,  276 

descending,  277 
of  pubes,  277 
Ranine  artery,  553 

vem,  652,  654 
Ranvier,  nodes  of,  71 
Raphe  of  medulla,  712,  719 


Raphe  of  perineum,  1202 
of  pons,  721 
of  scrotum,  1153 
Receiving  tubes  of  kidney,  1130 
Receptaculi  arteriae,  568 
Receptaculum  chyli,  680 
Recess,  epitympanic,  917 
lateral,  734,  738,739 
optic,  751 
Reoessus  hepato-renalis,  1054 

labyrinthi,  124 
Recto-coccygeus  muscle,  1041 
Recto-utenne  ligamente,  1169 

pouch,  981 
Recto-vaginal  pouch,  981 
Recto-vesical  fascia,  1210 
fold,  peritoneal,  1142 
pouch,  981,  987 
Rectum,  1038 
ampulla  of,  1039 
curves  of,  1039 
development  of,  133 
lymphatics  of,  689 
nerves  of,  1042 
relations  of,  1043 
structure  of,  1040 
surgical  anatomy  of,  1046 
valves  of,  1041 
vessels  of,  1042 
Rectus  abdominis,  453 
capitis  anticus  migor,  424 
minor,  424 
lateralis,  425 
femoris  muscle,  509 

surgical  anatomy  of,  511 
oculi,  intemus,  superior,  infe- 
rior, and  extemus,  397 
posticus  major,  439 
minor,  439 
Recurrent    artery,    interosseous, 
603 
radial,  599 
tibial,  anterior,  642 

posterior,  642 
ulnar,  anterior,  602 
posterior,  602 
laryngeal  nerve,  821 
nerves  to  tentorium,  797 
Region,  abdominal,  959 
muscles  of,  447 
acromial,  muscles  of  471 
auricular,  393 
back,  muscles  of,  427 
brachial,  anterior,  479 
cervical  superficial,  muscles  of, 

407 
diaphragmatic,  444 
epicranial,  muscles  of,  391 
epigastric,  955 

femoral,  muscles  of,  anterior, 
505 
internal,  511 
posterior,  518 
fibular,  527 
foot,  dorsum  of^  530 

sole  of,  530 
gluteal,  muscles  of,  514 
of  hand,  muscles  of,  489 
humeral,  anterior,  475 

posterior,  477 
hypochondriac,  955 
iliac,  muscles  of,  503 
infrahyoid,  411 
inguinal,  1189 
intermaxillary,  muscles  of,  401 
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^^H 

■              BejEjion,  ischioreclalt  1201             ! 

Retina  membrana,  limitans  in- 

Bupture of  urethra,  ocmrse  taken    | 

^^^            lArytigotrut'litiulfi^tirgicalanat-  ' 

terna,  899 

by  mine  in,  IW3                 j 

^^^                   omy  of,  1 L 1 2 

structure  of,  899 

^^■j 

^^H          lingual,  miLscleM  of,  415 

Ketrabena  aurem  niuBcle,  394 

S.                   ^^ 

^^^1          msLxiUiirv,  musdes  of,  Inferior, 

Hetro -peritoneal  fossup,  994 

^H 

K€tziu^,  pre  vesical  space  of,  981 

Sac,  lachrymal,  910                         1 

^^^H                   mip«ricir,  400 

space  of,  1141 

Saocnlar  secretorr  ^tauda,  98         1 

^^^B          nasjii^  muNcle^  (jf,  398 

Hhomboid  impre^aion,  240 

Sa45cule  of  vestibule.  »26                } 

^^^H          orbital^  muscles  of,  396 

ligament,  341 

Sacous  lienalifs  10^7                        J 

^^H          paktitl,  muDcles  of,  421 

Bhomboidal  sinus,  120 

8ac!rB-media  artery,  617                 | 

^^^H           pLiltnar^  4S9 

Bbomboideua  major,  431 

SacnJ  arteries,  lateral,  627     ^J 

^^H          palpebral,  3t4 

minor,  43! 

canal,  157                                 ^^H 

^^^H           perm  eu  in,  1201 

Ribes,  ganglion  of,  867 

comua,  156                              ^^H 

^^^H          pharvngeal^  muHcles  of,  419 

Kills,  232 

fomznina,  155                        ^^M 

^^m          poplit^,  637 

angle  of,  233 

ganglia,  874                           ^H 

^^^H          ptetTgo-maxi  Uary^  tn uncles  of^ 

aniciilationa  of,  330 

groove.  156                             ^^H 
ympbatic  glands,  6SS        ^^M 

^H 

attachment  of  muscles  to,  235 

^^H          radial,  miLscIes  of,  483 

development  of,  117,  235 

nerves,  851                            ««^^| 

^^^H          radio^ulnar;  pwteriur,  musclea 

fake   232 
floatmg,  2^i2 

anterior  dtvUions  ai^  ^^^| 

^H                      of,  48.5 

poi<terior  divisiooa  of^  ^^^| 

^^H          flcapular,  miigcles  of.  tmtenor^ 

bead  of,  233 

root«  of,  857                      ^H 

^H 

ligamentH  of,  330,  331 

plextiit,  859                             ^M 

^^^H                   posterior,  473 

neck  of,  233 

vein,  lateral,  073                 ^^M 

^^^B          Scarpa' H  triangle,  030 

peculiar,  234 

middle,  673                        ^H 

^^^1           suprahyoid,  m uncles  of,  413 

true,  232 

peculiarities*  of,  67 J?      _  JU 

^^^1          Umporihmaxillarv,  mu&cles  of. 

tuberoskv  t»f,  233 

Sacro-cfK'cyg^al  ligamentis  3S|QB 

^^1 

Ridge,  basal  ol"  teetb,  933 

Sacro-iliae  articulation,  337      ^ 

^^^H          thoracic,  441 

internal  occipital,  1(16 

Sacro-lunibali^  niiiscle,  434 

^^^H              anterior,  467 

mylo-hvoidean,  202 

Bacro-sciatic     foramen,     grcairr. 

^^H              lateral,  470 

pectoral,  248 

276,  337 

^^H          tibio  fibukr,  anterior,  521 

pterygoid,  182 

lesser,  276,  338 

^^H              posterior,  522 

auperciliary,  171 

ligaments,  337                        ^^m 

^^m          ulnar,  494 

supracondylar,  250 

notch,  greater,  276               ^^| 

^^H          Tcrtel>nil,  miiBoles  of,  anterior, 

temporal,  173,  174,  215 

leaser,  276                           ^ 

^H 

Right  loWof  liver,  1052 

Bacro-uterine  ligament,  1171 

^^r                   lateral,  425 

longitudinal   fissure   of  liver, 

Sncro-vertebral  ang^le,  155 

■              Reil,  island  of,  778 

1051 

ligament,  337 

^^^        Kelations   of   duodennra,    1011, 

Rima  glottidis,  1104 

Hacnmi,  155 

^H                 1014 

Rima?  ctet^,  1053 

ala  of,  157 

^H           of  Rall-hlaaddr,  1064 
^^B          of  large  intestine,  1036 

Ring,  abdominal,  external,  449, 

articulations  of,  159 

1182 

attachment  of  mn^lee  to^  159 

^^H          of  liver,  1055 

internal,  1186 

development  of,   158 

^^^1          of  pan  create,  1071 

femonil  or  crund,  1198 

peculiaritiei*  of,  158 

^^H          of  rectum,  1043 

fibrous,  of  heart,  1094 

structure  of,   }5S 

^^^H          of  Hpleen,  107fi 

KiBorius  muscle,  402 

Sacs,  dental,  940                         ^_ 

^^B          of  stomach,  1001 

Kivini,  ducts  of,  948 

Bttddle Joint,  316                        ^M 
SiU^ttal  suture,  206                   ^H 
SaHvar}^  glandis  945                 ^M 

^^^P           of  vermiform  itppeodix,  1032 

notch  of,  914,  918 

m             Beaaiik,  fibm^  of,  72 

Robin^  polar  globules  of,  101 

m             Benal  aflerent  ve«eel8,  1 129, 1134 

Kodt*  of  (\irti,  925 

structure  of,  948                 ^H 

^K           arterr,  616,  1133 

Rolando,  funiculuji  of,  710 

SalpingO'pbaryngeu*s  423         ^1 

^^1           ellerent  vessels,  1129,  1134 

nucleus  of,  711 

Salter,  incremental  lines  of,  9ST  1 

^^^            plexus,  875 

tuliercle  of,  711,  715 

Bantorini,  cartilages  of^  1102         i 

W                   veins,  675,  1134 

Roof  of   fourth    ventricle,    738, 

Saphena  veins,  surjH<*al  analonir 

■               Respiration,  mupcles  of,  444 

739 

of,  «71 

1                   organs  of,  1 1 00 

of  third  ventricle,  748-750 

Saphenous  nerve,  lani*  or  inttf- 

^^^         Kespirattirv  ner\'e8  of  Bell,  ex- 

Root,  ascending,  of  fifth  ner^'e, 

nal,  856                                     \ 

^^L                        (em»l  837 

723 

short,  862 

^^P                    internal,  833 

of  auditory  nerve,  815 

opening,  507,  1194 

^^^             organs,  development  of,  134 

descending,  of  fiflh  nerve,  723 

vein,  external  or  frhort,  f>7t 

■                Rete  Malpi^jhii,  90 

of  lung,  1118 

internal  or  long^  670,  1190 

H                   mucoRum  cjf  tikin,  90 

of  olfactory  nerve,  784 

Biirgical  anatomy  of,  671 

■                   teBtia,  115H 

of  spinal  nerves,  826 

Soroolemma,  65 

■                Reticular  cartilage,  53 

of  teeth,  934 

Sarooplaam,  66                                  \ 

I                    formation,  713,  714 

of  aygomntio  process,  174 

Sarco6ty]e«»  66 

■                      layer  of  skin,  91 

Boeenmilller,  accessory  gland  of, 

SaroooB  elements  of  muscle,  6^i 

lamina  of  Kolliker,  926 

910 

SurtoriuE  muscle,  508                aH 

RetjfcOTi   IkmIv,   712,  717,  735, 

organ  of,  138,  1177 

8cala  medio,  924                         ^H 

738 

Bofitmm  of  sphenoid  bone,  182 

tympani  of  cochlea,  923      ^^| 

connective  tisBue,  48 

Botation,  318 

vest  1  bull  of  cochlea,  92S     ^^| 

Betina,  898 

Rotatores  fifunie  muscles,  438 

ScaW  of  cochlea,  924               ^^ 

arteriu  centralii^  of,  570,  902 

Round  ligaments  of  utenifs  1177 

'  Scalenus  anticns,  425                         1 

fovea  central  is  of,  902 

rehiiionw    of,    to    femoral 

1      merlins,  425                                      \ 

UmbuB  Inteus  nf,  mS> 

ring,  li9H 

po^iriis,  426                                     j 

membmna,  layers  of,  899,  900 

of  liver,  9K3,  1^53 

1  Scaphoid  booe  (foot),  304          J 

limitanB  externa,  901 

KugiPQf  vagina,  1168 

1         (hand),  262                         H 

^^B 

m^I>EA\ 

1241       1 

Scaphoid  ft^sMi  af  aphpnoid^  183 

Septum  pectin iforme,  1151 

Sinuses,  Bphenoidal,  181                ^^H 

Scapula,  242 

of  pons,  721 

straight,  658                                ^H 

art  icu!  all  cms  of,  247 

'      scroti,  1153 

transverse,  661                            ^^H 

attachment  of  musclea  to,  247 

subaracbnoid,  694 

of  Valsalva,  542.  1093                ^M 

development  of,  246 

of  tongue,  882 

Sixth  nerve,  810                                   1 

dorsum  of,  243 

venlriculomm,  10H9 

surgical  anatomv  of,  811                M 

glenoid  cavity  of,  245 
head  of;  46^ 

Septum  between  bronchi,  1109 

Skeleton,  143                                   ^M 

Seroias  glands  of  tongue,  882 

number  of  its  pieces,  143           ^^M 

ligaments  of,  344,  345 

membranes,  96 

Skin,  appendages  of,  92                 ^^H 

musdes  of,  472,  473 

S:?erraiuis  mag n us,  470 

arteries;  ui\  92                               ^^H 

spine  of,  244 

posticus,  inferior,  432 

coriiim  of,  91                                 ^^H 

surface  form  of,  247 

fiuperior,  432 

cuticle  of,  ^9                                 ^H 

mirgiail  anfttomy  of,  247 

Serum,  33 

derma^  or  true  skin,  91               ^^U 

venter  of,  242 

albumen,  36 

development  of,  125                   ^^H 

Scapular  artery,  poeterior,  585 

globulin,  36 

epidermis  of,  89                            ^^H 

region,   muacl^i  of,   anterior, 

Sesamoid  bones,  312 

furrows  of,  91                                ^^M 

472 

cartilages,  886 

hairs,  93                                       ^H 

posterior,  473 

Seventh  nerve,  814 

muscular  fibres  of»  94                  ^^H 

veins,  666 

surgical  anatomy  of,  815 

nails,  92                                        ^H 

Scarfakin,  89 

Shaft  of  a  bone,   its  structure, 

nerves  of,  92                                 ^^H 

Scarpa,  foramiTia  of,  194,  213 

143 

papillary  layer  of,  91                    ^^M 

Scarpa's  triangle,  030 

Sheath  of  arteries,  81 

rete  muc(»Hum  of,  90                    ^^H 

Behachowa,  spiral  tubes  of,  1130 

epithelial,  of  Hertwig,  941 

sebaceous  gfandsi  of,  94               ^^H 

Bchindyleais,  315 

of  femoral  or  crural,  1196 

Slmclnre  of,  89                            ^^M 

Schlemm,  canal  of,  893 

of  muscles,  65 

sudoriferous  or  s wea  t-glanda  of»         1 

ligaments  34<> 

of  nervea,  74 

95                                              J 

Schneiderian  membrane,  887 

of  rectu«  muscle,  454 

tactile  corpuscles  of,  76              ^^H 

Schre^er,  lines  of,  937 

Shin,  294 

vessels  of,  92                                ^^H 

Schultxe,  cells  of,  792 

Short  l>ones,  143 

Skull,  163,  208                                 ^^ 

primitive  fibril  lie  of,  71 

Shoulder  girdle,  238 

anterior  region,  217                            J 

Schwann,  white  Hiibstance  of,  71 

joint,  345 

base  of,  external  surface,  208      ^^J 

Sciatic  artery,  626 

surface  fitrm  of,  348 

intern.il  surface,  208                 ^H 

nerve,  greater,  863 

surgical  anatomy  of,  348 

fossa  of,  anterior,  208                   ^^M 

aurgieal  anatomy  of,  $66 

muscles  of,  467 

middle,  210                                ^^H 

lesser,  862 

vessels  and  nerves  of,  347 

posterior,  21 1                             ^^H 

rao8,673 

Sigmoid  artery,  614 

lateral  region  of,  214                  ^^M 

Sderotic  891 

cavity,  greater  and  leaser,  of 

surface- marking  of,  222             ^^M 

Scrobieiilua  cordis,  237 

racifus,  260 

tables  of,  143                                ^H 

i>crotal  hernia,  1189 

ulna,  256 

vertex  of,  208                                ^^M 

Scrotum,  H5:i 

flexure  of  colon,  1036 

vitreous  table  of,  144                  ^^M 

durtOBof,  1154 

of  rectum,  1044 

Small  inic^iine,  1008                       ^H 

development  <»f,  140 

notch  of  lower  Jaw,  204 
Sinus  circularis  iridit*,  893 

fixation  i>f,  1020                       ^H 

lymphatics  of,  689 

structure  of,  1020                           1 

nerves  of,  1 1 55 

coronary,  great,  677 

valvobe  connive ntes,  1021             J 

septum  f)f,  1153 

left,  677 

Tilll  of,  1022                            ^B 

surgical  anatomy  of,  1 155 

right,  677 

vessels  ul  1026                         ^H 

vesseh?  of,  1 155 

small,  677 

Soft  palate,  944                                   ^^M 

coato-pbrenic,  1114 

aponeurosis  of,  944                  ^^H 

Second  nervf,  7!.*3 

of  external  jugular  vein,  653 

archer  i»r  pillars  of,  944          ^^H 
m useless  of,  422                          ^^H 

suigicid  itontomv  of,  794 

of  internal  jugidar  vein,  654 

Secreting  glands,  9.s' 

of  kidnev,  1128 

structure  uf,  944                       ^^H 

Segmental  duct,  i:^^ 

of  Mor^agni.  420,  1042 

Solar  plexus,  875                                     M 

Segmentation  sphendes,  103 
Sella  Turcica,  180 

pocularm,  1146 

Sole  of  foot,  m  uscles  of,  6 rst  layer,         M 

prostaticue,  137,  1146 

530                               ^m 

Semicircular  cajiala,  922 

transverse  pericardial,  1085 

fourth  layer.  534                  ^H 

Semilunar  kme,  264 

venie  porta?,  1057 

second  I  aver,  532                 ^^H 

cartilages  of  knee,  370 

venoBus,  130 

third  layer,  532                    ^H 

fascia,  470 

Sinuses,  cavernous,  659 

Soleus  muscle,  523                         ^^H 

fold  of  Etouglas,  455 

circular,  66U 

Solitary  glands,  1025,  1029            ^H 

ganglion  of  abdomen,  872 

of  coronary  vein,  677,  1088 

Somntopleure,  108                           ^^H 

of  fifth  nerve,  797 

craniid,  171,650,657 

Soramerring,  yellow  spot  of,  898         1 

valvea,  aortic,  1093 

etbmoiilal,  185 

Space,  anterior  perforated,  784            J 

pulmonic,  109O 

frontal,  171 

axillary,  587                                  ^^H 

SemimembranosuB  muscle,  519 

of  heart,  of  left  auricle,  1091 

intcrLti^tal,  232                            ^^M 

Seminal  cells,  1158 

of  right  auricle,  1088 

interpeduncular,  784                   ^^^| 

tubes,  1158 

lateral,  OfiH 

popliteal,  4"! 37                                  ^^^| 

ve8icle&,  1160 

longitudinal  inferior,  658 

posterior  perforated,  750            ^^H 

Semispinaliifi  muscle,  437 

superior,  657 

of  Eet74us  1141                            ^H 

Semi  tend  in  o&iis  muscle,  519 

maxilliiry,  192 

Spaces  of  Fontana,  893                  ^^H 

Senses,  organn  of  the.  879 

of  nose,  171 

Spermatic  artery,  616,  1155           ^^H 

8ep«iim,  cartilage  of,  $86 

occipital,  659 

canal,  1185                                   ^H 

crurale,  1198 

petrosal,  inferior,  660 

conj,  1155                                    ^H 

lucid  urn,  754,  702 

superior,  tWiU 

arteries  of,  1155                       ^^H 

of  medulla,  712 

plural,  1114 

course  of,  1155                         ^^M 

of  nose,  221 

i 

pulmcmary,  1091 

lymphatics  of.  1155                 ^^H 

^^124^^^^^^^^ 

INDEX, 

^^M 

1              Spermatic  cord,  nerves  of,  1156 

Spinal   wjrd,    white    matter    of, 

Stellate  ligamen i,  S30            ^M 

^^             fascia,  externa!,  450,  1182 

699 

plexus  of  kidnev,  1134  ^^| 

^^L          plexus  of  nerves,  S75 

foramen*  145 

Sten^on,  foramina  cif,  194,  ^^^H 

^^M              of  veins,  674 

nervesi,  S26 

Sten&on's  duct,  946                  ^^ 

^^H           relation  to  femoral  rin^,  119S 

arrangement     into     gronps, 

Sternal  end  of  clavicle,  fracfdlii 

^^H              o£  in  inguinal  eanai.  llt>5. 

S2Q 

of,  499 

^H                  1185 

development  of,  122 

foramen,  231                          ^^ 

^^H          vein^,  G74,  ll>>5 

distribution  of,  827 

furrow,  236                             ^H 

^^B              surgical  aniitomv  of,  074 

divisions  of,  anterior,  827 

ligaments,  33ti                       ^™ 

^H       Sphenoid  bone,  180  ' 

posterior,  827 

Sterno-clavicular        articulation* 

^^H               Euticulationu  of^  18t5 

origin  of,  in  cord,  702 

341 

^^B              attachment    of    muscles  to, 

of  roots,  anterior,  826 

surface  form  of,  342 

^m 

posterior,  826 

sui^ical  analomr  of,  342 

^H              body  of,  180 

points  of  emergence  of,  827 

Sternohyoid  muscled  411      ^M 

^^^H              development  of^  184 

veins,  668 

Sterno- mastoid  muscle,  4U9  ^B 

^^M              greater  wings  of,  182 
^^M             lefiBer  wingn  of,  1H3 

longitudinal,  anterior,  669 

artery,  557                                ^H 

posterior,  669 

Stem o-peri cardial  ligament^ ^H 

^^^B              pterygoid  processes  of,  183 

Spinalis  colli  muscle,  436 

Sterno-thyrotd  niuselt^  411   ^H 

^^H              ro^ti^'um  of,  182 

don^i  mnscle,  436 

Sternum,  228                               ^B 

^^^H               spinoui^  processeB  of,  182 

Spine^  144 

articulations  of.  2:12             ^B 

P                     vaginiil  iirocesses  of,  182 

articulations  of,  319 

attachment  of  muscles  kv  ^| 

L             Sphenoidal  fiseirre,  18^1 

development  of,  115 
general  description  of,  160 

development  of,  117«  ^l_^H 

^^^L              nerves  in,  810 

ligaments  of,  336           ^^^H 

^^M          process  of  palate^  199 

ossification  of,  J 54 

structure  of,  231             ^^^^| 

^^H          sin  uses,  181 

Spines  of  bones,  ethmoidal,  180 

Stilling,  canal  of,  903        ^^M 

^^m          spongy  or    turbinated    bones^ 

of  jschinm,  276 

Stomueh,  969,  999                     ^B 

^                  184 

mental,  202 

altenition  in  position  of^  IBP 

1              Spheno^maxJllarr  fiesare,  216 

nasal,  171 

development  of,  133 

1                   fofisa,  216 

anterior,  194 

fixation  of,  1003 

1              Sphenopnlntine  artery ,  562 

posterior,  197 

lymphatics  of,  690 

L                  foramen,  199 

of  o8  ptibis,  277 

mucGtis  membrane  ot,  lOOd 

^K          ganglion,  803 

pharyngeal,  165 

peptic  glimdi^  uf,  1007         ^M 

^H          nervet^^SDS 

of  stipuk,  244 

position  of,  1004                   ^B 

^^           notch,  199 

tympanic,  914 

pyloric  end  of,  1006              ^B 

1             Spbeno^parietitl  suture^  207 

Spinoos  ]iroces«  of  ilium,  275 

'f^landsoC  1006                  ^B 

1              SphiUL'tcr    muBcle    of    bladder, 

of  sphenoid,  182 

pylorus,  10(X>                  _^^H 

1                          1143 

of  Ubia,  293 

relations  of.  1001            ^^^H 

^^            pylorieiis,  lOOO 

of  veriebne,  145 

structure  of,  1004         ^^^^H 

^^m          of  rectum,  external,  458 

Spiral  canal  of  mclileii*  923 

siihmucouH  coat  of,  lOO^^^^B 

^^f               internal,  459 

Splanchnic  nerve,  greater,  873 

surgical  an  atom  J  of,  ICIB^^^ 

W                terlius,  1042 

lesser,  873 

torsion  of,  973                                ' 

1                   of  vaginsi,  464 

smallest  or  renal,  873 

veasels  and  nerves  of,  1007 

1              Spigelian  lobe,  1050,  1052 

Splanchnopleure,  108 

Stomtnlfieum,  120                          ^^m 

1               Spina  biSdiij  Hi2 

Spleen,  971,  1073 

Straight  sinus,  653                     ^^M 

1              Spinal  acce^wiry  nerve,  823 

flcoefflory,  1073 

tubes  of  kidney^  1130          ^^^ 

1                            surgical  nntitorny  of,  823 

fijcation  of,  1076 

Strand,  labio-deiit&l,  938 

^^^           arteries,  anterior,  682 

lymphatics  of,  690,  1077,  1081 

Stratiform  fibro-cartilage,  5S  ^J 

^^k              lateral,  582 

nerves  of,  1077 

Stratum  cinereum,  743             ^B 

^H              median,  582 

peritoneal    relations    of,   986, 

comeum,  90                      ^^^^B 

^^H              posterior,  582 
^H          bnib,  708 

1076 

dorsale,  745                    ^^^^B 

pvilpof,  1078 

lucidum,  91                    ^^^^^ 

^H          canal,  162 

relations  of,  1076 

optictim,  743                  ^^^^B 

^H          cord,  695-702 

structure  of,  1077 

zonale,  747                       ^^^^B 

^^B               arachnoid  of,  (194 

surface-marking  of,  1081 

Strife  acusticflp,  724             ^^^B 

^^m              arran^^einent    of   gray    and 

snr faces  ofj  1074 

laterals,  757                           ^^M 

^^H                  wbite  matter  in,  699 

surgical  anatomy  of,  1081 

longiludinales,  757          ^^^^^B 

^^B              central  canal  of,  698 

TCfisels  of,  1U77,  1079 

of  mu^4e,  66                     ^^^^H 

^^H                  ligament  of,  695 

Splenic  artery,  611 

Striped  musscle,  64              ^^^^| 

^^H             columns  of,  697 

flexure,  1036 

Stroma  of  ovarv,  1176 

^^B              commi^ures  of,  697,  698 

plexus,  877 

Structure  of  gaU-hladd»*r«  lOt^ 

^^               development  of,  115 

vein»  675 

of  large  intestine,  10:28         ,^m 

1                       dura  mater  of,  69^i 

SpleniuB  mug<4e*  433 

of  Liver,  1059                         ^M 

»                        fi&iures  <>f,  696,  697 

Spon^riohlastfi,  121 

of  pancreas,  1072            _^^^B 

for-tal,  jM'cnlifirjty  of,  695 

Spongy  portii>n  of  urethra,  1147 

of  rectum,  1040               ^^^^B 

gray  ct^mmissurc  of,  697 
internal  HirHcture  of,  697 

tissue  of  hone,  14i^ 

of  a  villus,  1023             ^^H 

S<|uamo' pari  eta!  suture,  207 

Stylo-glossus  mngcle.  41 G         ^B 
Stylo-fayoid  ligament,  414        ^B 

ligamen  t  u  m  dent  ic  u  ktu  m  of, 

8(|Uamo-Hplienoidal  suture,  207 

695 

Squitmo-zygomnuc     portion    of 

muscle,  413                             ^B 

membranes  of,  693 

temporal  bone,  179 

nerve  from  facial,  813          ^B 

minute  structure  of,  698 

Squamous   pf>rtion   of  temporal 

Sty h> mastoid  artery,  557        ^^M 

neuroglia  of,  698 

hone,  173 

foramen,  178                          ^^M 

pia  mater  of,  695 

Staijeflius  muscle,  920 

vein,  653                                 ^H 

sect  ions  of,  696 

Stapes,  Hl9 

Stylo-maxillary  ligament,  328^B 

St  met  ore  of,  697 

annular  ligament  of,  919 

Siylo-pharyngeus  muacla,  4SI|^H 

white  commissure  of,  697 

development  oi\  125 

Styloid  process  of  radiuf^  2lMI^B 

INDEX. 
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Styloid  prooess  of  temporal  bone, 
178 
of  ulna,  258 
Sabanconeus  muscle,  478 
Subarachnoid  of  cord,  694 
of  septum,  694 
tissue,  694 
Subcsecal  fossa,  997 
Subclavian  arteries,  576 
branches  of,  581 
first  pan  of,  left,  577 

right,  577 
peculiarities  o^  579 
second  portion  of,  578 
surface  form  of,  579 
surgical  anatomy  of,  579 
third  portion  of,  578 
g^roove,  234 
triangle,  565 
vein,  665 
Subclavius  muscle,  469 
Subcostal  angle,  228 
muscle,  442 
nerve,  848 
Snbcmreus  muscle,  510 
Subdural  space,  694 
Sublingual  artery,  553 
fossa,  202 
gland,  948 

vessels  and  nerves  of,  948 
Sublobular  veins,  1057,  1061 
Submaxillary  artery,  555 
fossa,  203 
ganglion,  808 
gland,  947 
nerves  of,  947 
vessels  of,  947 
lymphatic  gland,  683 
triangle,  564 
vein,  652 
Submental  artery,  555 
Suboccipital  nerve,  826 

posterior  branch  of,  826 
triangle,  582 
Subpleural   mediastinal    plexus, 

586 
Subpubic  ligament,  340 
Subscapular  angle,  243 
artery,  592 
fascia,  472 
fossa,  242 
nerves,  838 
Subscapulars  muscle,  472 
Subsigmuid  fossa,  996 
Substantia    cinerea    gelatinosa, 
701 
ferruginea,  724 
nigra,  741,  742,  744 
Subthalmic  region,  745 
Sudoriferous  glands,  95 
Sulci  of  brain,  772 
frontal,  775 
intraparietal,  776 
occipital,  777 
parallel,  778 
post-central,  776 
precentral,  775 
of  Reil,  778 
temporal.  778 
Sulcus  basilaris,  721 
callosal,  780 
centralis  insulse,  778 
lateralis,  741,  742 
oculo-motorius,  741 
for  olfactory  tract,  775,  783 


Sulcus,  orbital,  775    . 
precentral,  791 
pyloricus,  1000 
spiralis,  924 
tympanicus,  914 
vallecut»,  726 
Supercilia,  907 
Superciliary  ridge,  171 
Sui)erficiarcervical  artery,  685 
circumflex  iliac  artery,  635 
epigastric  artery,  635 
external  pudic  artery,  635 
palmar  arch,  604 
perineal  artery,  625 
temporal  artery,  558 

surgical  anatomy  of,  559 
transverse  ligament  of  fingers, 
492 
Superficialis  colli  nerve,  831 

volsB  artery,  599 
Superior  maxillary  bone,  189 
articulations  of,  195 
attachment  of  muscles  to, 

195 
changes  in,  produced  by 

age,  195 
development  of,  194 
nerve,  801 
meatus,  221 
mediastinum,  1115 
profunda  artery,  596 
thyroid  artery,  652 

surgical  anatomy  of,  562 
turbinated  crest,  192 

of  palate,  198 
vena  cava,  667 
Supinator  brevis  muscle,  486 

longus  muscle,  483 
Supracondylar  line,  287 
Suprahyoid  aponeurosis,  413 
Snpramastoid  crest,  174 
Supramaxillary  nerves  from  fa- 
cial, 815 
Supraorbital  arch,  171 
artery,  569 
foramen,  171,  217 
nerve,  798 
notch,  171 
Suprarenal  arteries,  616 
capsules,  1137 
nerves  of,  1139 
vessels  of,  1139 
plexus,  875 
veins,  675 
Suprascapular  artery,  685 
nerve,  838 
notch,  245 
Supraspinales  muscles,  438 
Supraspinatus  muscle,  473 
Supraspinous  fascia,  473 
fossa,  244 
ligaments.  321 
Supratrochlear  foramen,  261 

nerve,  798 
Sural  arteries,  639 

veins,  672 
Surface  form  or  marking  of  ab- 
dominal aorta,  609 
of  acromio- clavicular  joint, 

344 
of  ankle-joint,  379 
of  anterior  tibial  artery,  642 
of  axillarv  artery,  591 
of  back,  440 
of  bladder,  1144 


Soriace   form    or    marking    of 

brachial  artery,  595 
of  branches  of  internal  iliac 

artery,  627 
of  carpus,  270 
of  clavicle,  241 
of  common  carotid  artery, 

549 
iliac  artery,  619 
of  cranium,  222 
of  dorsalis  pedis  artery,  643 
of  elbow,  352 
of  external  auditory  meatus, 

915 
carotid  artery,  551 
iliac  artery,  619 
of  femoral  arterv,  633 
of  femur,  290 
of  fibula,  299 

of  fifth  cranial  nerve,  809 
of  foot,  310 
of  head  and  face,  406 
of  heart,  1096 
of  hip-joint,  386 
of  humerus,  253 
of  hyoid  bone,  228 
of  intestines,  1045 
of  kidney,  1135 
of  knee-joint,  374 
of  knuckles,  362 
of  larynx,  1111 
of  liver,  1065 
of  lower  extremity,  636 
of  lungs,  1120 
of  mouth,  949 
of  muscles  of  abdomen,  467 
of  neck,  427 
of  palmar  arches,  604 
of  palpebral  fissure,  911 
of  pancreas,  1073 
of  patella,  292 
of  pelvis,  283 
of  plantar  arch,  648 
of  popliteal  artery,  638 
of   posterior   tibial    artery, 

645 
of  radial  artery,  598 
of  radio-ulnar  joint,  inferior, 
356 

superior,  353 
of  radius,  261 
of  scapula,  247 
of  shoulder-joint,  348 
of  skull,  222 
of  spleen,  1081 
of  spine,  162 

of  sterno-clavicular  joint,  342 
of  stemo-mastoid,  411 
of  stomach,  1007 
of  subclavian  artery,  679 
of  tarsus  and  foot,  310 
of  temporo-maxillary  joint, 

330 
of  thorax,  236 
of  tibia,  296 
of  ulna,  259 
of  ulnar  artery,  802 
of  upper  extremity,  497 
of  vertebral  column,  162 
of  wrist  and  hand,  270 
of  wrist-joint,  357 
Surfaces  of  liver,  1049 
of  pancreas,  1069 
of  popliteal  of  femur,  286 
of  spleen,  1074 
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Boi^ca]  an  atom  V  of  Abdominal 

Surgical    anatomy    of    internal 

SuTgiciLl    anatomy    of   eHoaad 

^^                       aorta,  em 

mammary  artery,  687 

1007                         ^m 

^^H               of  alxjucent  nerre,  811 

pudic  artery,  624 

of  Bubclavian  artery,  ^I^M 

^^B              of  acFomio-claviciikr  joint 

of  intestines,  1045 

of  superior    thrroid   snH 

^m                     344 

of  ischio  rectal  re^on,  1201 

552 

^^H              of  adductor  longus  muscle. 

of  joints  of  cervical  verte- 

of Bv  no  vial   Bbeaths  of  ten 

^B                      ^1^ 

brae,  327 

dons  of  wrisl,  490 

^^H              of  ankle-joint,  379 

of  kidney H,  1135 

of  talipes,  528 

^^B               of  anterior  tibial  arterT,  642 

of  knee  joint,  374 

of  tarsal  jointi^  382,  384 

^^H                of  arvh  of  nortn^  544 

of  lachrymal  apparatus,  911 

of  temporal  artery,  559 

^^H               of  artery  of  tJic  bulb,  025 

of  laryngeal  nerves,  822 

of  teraporo-maxiflarr  joinK 

^^M               ot  ascemiiog  pharyngeal  ar- 

of  I arvngo  tracheal    region, 

330 

^^H                       IvrXy  558 

1111 

of  testis,  1159 

^^m               of  auditorv  nerve,  816 

of  larynx,  1111 

of  thoracic  aorta,  606 

i^H               of  axilla,  589 

of  leg,  Ixtnes  of,  299 

of  thorax,  237 

^^H              of  axillanr  arterv,  591 

of  linginil  arten%  553 

of  tbvroid  g\nnd.  1124 

^m                 glands,  684 

of  liver,  1066 

of  tongue,  418,  883 

^H                   vein,  mn 

of  lumbar  plexus,  866 

of  trian^^les  of  neck,  56S 

^^m              of  azy^os  veinH,  668 

of  linigs,  1122 

of  tricef:>6,  478 

^H              of  hlne  of  bladder,  1207 

of  middle  meningeal  arterv, 

of  trifacial  nerve.  809 

^H               of  bend  of  elbow,  593 

m         ^     '                 , 

of  trochlear  nerve,  71WS 

^H               of  bone^  of  f»ce,  224 

of  motor  oculi  nerve,  795 

of  ulnar  artery,  602 

^^B               of  bnichial  artery,  i>95 

of  muscle:*  of  eye,  398 

of  upi>er  extremity.  499 

^H                   plexuii,  844 

of  lower  extremity,  537 

of  urethra,  11 47 

^^m              of  brnneJieH  of  internal  iliac;. 

of  Kcift  palate,  423 

of  vertebral  artery,  583 

^H 

of  iipp€^r  extremity,  499 

of    vesico  prostatic    pJcxn 

^^m               of  cavenioiis  sinus,  659 

of  muRCido  t?piral  nerve,  844 

673 

^^m                of  cervieal  ^landn,  684 

of  nasal  foww,  889 

of  vesiculfie  seminales^  IW 

^^m                  vertebne,  ^^27 

of  nofee,  889 

of  wrist-joint,  357           ^M 

^H               of  cUvirle,  241 

of  cesophagnei,  954 

Suspensory    ligiunent    of  |^| 

^H               of  dub-fci<>t,  528 

of  olfactory  nerve,  793 

920                                ^M 

^^H               of  conjnxni  earotld^  549 

of  optic  nerve,  794 

of  lens,  90w5                        ■ 

^H                   iliac,  619 

of  palmar  art^h,  605 

of  liver,  1053,  1076       ■ 

^^m               of  deep  epijorajitrie,  630 
^^m              of  deltoid  niu^4e,  472 

fa^ia,  492 

of  malleus,  919                ^M 

of  pancreas,  1073 

of  penis,  1151                    ^M 

^^H               of  de8c€iuliii^  notla,  ti06 

of  i»ateJln,  292 

Bustcntaculum  lienia^  103fi,  ItfTf 

^^H               of  dorsal  18  (>edis  arterv^  643 
^H               of  elbow  joint,  352 

of  pelvis,  bones  of,  283 

tali,  301                           1 

of  peniw,  1153 

Sutuni,  315                        ^^^^d 

^^H               of  EuHtaebian  tubef  952 

of  perinaum,  1201 

denUita,  315                   ^^^H 

^^H               ofexten^orni  uncles  of  thumbs 

of  peroneal  or  external  pop- 

false, 715                        ^^H 

^H 

liteal  nerve,  866 

harmonia,  315              ^^^^H 

^^H               of  external   carotid   arterr. 

of  pharynx,  952 

limbosa,  315                 ^^H 

^H 

of  plantar  arch,  648 
Li^anientK.  382 

notba,  315                     ^^^^H 

^H                   ear,  928 

serrata,  315                    ^^^^| 

^^H                   iliac  artery,  619 

of  pieura,  1114 

sqaamosa,  315               ^^^^| 

^^m               of  j  titular  vein,  653 

of  popliteal  arterv,  638 

vera,  315                        ^^^H 

^^B               of  eye,  905 

of  posterior  tibial,  645 

8uture,  basilar,  207          ^^^^| 

^^M               of  facial  artery^  556 

of  pronator  radii  teres  tntia- 

coronal,  206                   ^^^1 

^H                   nervt\  815  * 

cle,  479 

cranial,  206                     ^^^H 

^^H                   vein,  052 

of  prostate  gland,  1149 

frontal,  206                            ^H 

I^V                of  femoral  arterv,  653 

of  psoas  niagnuB,  505 

fron to- parietal,  206         ^^H 

1                           liemia,  1190  ' 

of  radial  artery,  598 

fronto-«phenoldal,  206,  i0^H 

*'                      of  femur,  290 

of  radio -nlnar  joint,  354 

intermaxillary^  217       ^l^B 

of  foot,  lK:»ne«  of,  311 

of  rectum,  1040» 

Intema^^al,  21 1               ^^^H 

of  fnre^irai,  kiue**  f)f,  261 

of    recturt    feinork    muscle, 

interparietal,  206          ^^^H 

of  j^I literal  artery,  tj27 

511 

lambdoid,  206                 ^^H 

of  ha^morrboidal  veinR,  672 

of  ribs,  237 

ma£to-oLx;ipital,  207            ^H 

of  hanistrini^,  520 

of  Hap  hen  a  vein*i,  671 

masto- parietal,  207       ^^^^M 

of  hand,  bwies  of,  271 

of  scapuku  247 

oceipi  to- parietal^  206    ^^^^| 

of  liip-joint,  3Gii 

of  &5carpa»  triangle,  630 

petro^ccipital,  207        ^^^H 

of  hum  ems,  253 

of  sciatic  artejy,  628 

petro-sphenoid&l,  207         ^H 

of  hyoid  Iwne,  228 

nerve  {great'),  866 

suffittal,  206                           ^M 
spbeno-parietal,  207            ^| 

of  hypoglotisal  nerve,  825 

of  scrotum,  1155 

of  iliac  fascia,  505 

gqiia mo- parietal,  207            ^H 

of  inferior  thyroid  arterr, 

471 

aquamo-fiphenoidal,  207      ^H 

585 

of  shoulder- joint,  348 

temporal,  177                         ^M 

vena  cava,  668 

of  aknll,  224 

transverse  facial,  207           ^M 

of  in^iina]  liemia,  IIRO 

of  fq>emiaiic  veins*  674 

Sweat-glands,  95                      ^M 

glands,  086 

of   spinid   accesMiry  nerve, 

Sylvius,   aqueduct  of,   707,  ^H 

of  innominnle  artcn-,  546 

823 

V 

;                        of  iiiterenstal  nervea^  848 

of  Bpine.  162 

fissure  of,  755                         ^H 

of   internal   carotid   arterT» 

of  spleen,  laSl 

Sympathetic  nerve,  75,  d67    ^M 

568 

0  f  »tern<  »-c  1  a  V  i  ci  1 1  ar  joi  □  t,  342 

cervical  portion,  ^S9^_^H 

iliac  artery,  r)21 

of  BternomnBtoid  muscle,  41 1 

cranial  portion,  860  ^^^^| 

jugular  vein,  655 

of  sternum,  237 

lumbar  portion,  87|^^^H 
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■         Sjmpathetic  nerve,  pelvic  por- 

Teeth,  ivorv  of,  935 

Testes,  lymphatics  of,  689               ^^M 

■                    tion,  874 

milk.  932,  935 

mode  of  decent,  1 161                 ^^1 

H                 thoracic  portion^  S72 

molar,  933 

rete  testis,  1158                            ^^B 

■             plezuaes,  874 

multicu.spidate,  933 

eiie  and  weight  of,  1156              ^^^H 

cardiac,  874 

permanent,  932 

structure  of,  1 157                          ^^^| 

epijjpastric,  875 

puip-cavjtv  of,  935 

surgical  anutorny  of,  1159            ^^^| 

hvjKigiistric,  877 

root  ot;  932 

tu  bu  1  i  ee m  i  ni  fer i  of,  1 1 58            ^^H 

pelvic,  878 

structure  of,  935 

tunica  alhuginea,  1157                 ^^^^| 

soIaf,  875 

temporary,  932,  935 

vaginalis,  1156                          ^^H 

Symphysis,  315,  317 

true  or  large  raoJars,  933 

vasculoBa,  1157                         ^^H 

of  jiiw.  202 

wisdom,  935 

vas  aberrans  of,  1159                    ^^^| 

pubis,  277,  339 

Tegmen  lympani,  177 

vas  deferens  of,  1159                    ^^H 

Synarthrosis,  314 

Tegmentum,  741,  742,  785 

vas  recta  of,  1158                           ^^H 

8ynchondrf«i»,  315,  317 

Tela  choroidea,  inferior,  738, 739 

rasa  ellerentia  of,  1158                 ^^1 

SymJes mo- odontoid  joint,  323 

8U|>erior,  750 

Testes  muliebres,  1175                      ^H 

Syndosmosih,  315,  317 

Temporal  artery,  558 

Thalamencephalon,  121^^706, 746      ^M 

Synofttmi8,  315 

anterior,  558 

Thalamus  opticus,  746-748                    M 

Synovj:i,  314 

deep,  561 
middle,  559 

Thebesii  foramina,  678                    ^^M 

Synovial  membrane,  96,  313 

valve  of,  1088                                ^^M 

arlicular,  313 

pofilerior,  558 

venue,  678                                       ^^H 

bursal.  314 

surgical  anatomy  of,  559 

Thigh,  deep  fascia,  fascia  lata,    ^^| 

V  agi  ual ,  3 1 4 .     See  also  Indi- 

bone,  173 

^M 

vidua!  Jot  tits. 

articulations  of,  180 

muselett  of  back  of,  518                ^^H 

System,  Haversian,  56 

attachment  of  muscles  to,  180 

of  front  of,  507                           ^H 

Systemic  arteries,  539 

development  of,  179 
mastoid  portion,  175 

BOfierticial  fascia  of,  506.  1 190       ^« 

Teins,  049 

Third  nerve,  794                                      ■ 

petmus  portion,  176 

sui-gical  aufitomy  of,  795                  1 

T, 

squamous  portion,  173 

ventricle  of  the  brain,  707,  745,           | 

structure  of,  179 

748                                          ^J 

Tables  of  the  skull,  143 

fascia,  403 

Thoracic  aorta,  605                          ^^H 

Tactile  cnrpusclea,  7(> 

foewp,  215 

surgical  anatomy  of,  606          ^^H 

of  Grandv,  77 

ganglion,  871 

arierv,  acromial,  592                     ^^M 

Tienitt  coll,  1028 

muscle.  403 

alar,  592                                      ^M 

hippocampi,  7<!i3 

Dcrves    of   auriculo-temporal, 

long,  592                                    ^H 

semicircular  is,  760,  768 

^m 

snpierior,  592                              ^^^| 

tectaL%  757 

deep,  806 

duct,  6H0                                         ^^ 

Tapeium,  757 

of  facial,  HI  4 

ganglia  of  sympathetic,  872                ■ 

lucidtim,  IWl 

ridge,  171,  173,  174,  215 

nerves,  anterior,  838                             1 

nigrum,  1>01                                  , 

suture,  177 

poMierior,  or  long,  837                       1 

Tarsal  arterv,  643 

veiiiii,  652 

regie  jn,  muscles  of  anterior,  467      ^^B 

bones,  299 

Temporarv  cartitagei  51 

lateral,  470                              ^H 

ligament  of  eyelid,  908 

teeth,  932,  935 

Thorax,  base  of,  1083                        ^H 

ligaments,  380 

Temporo-facial  nerve,  813 

iKjnes  of,  228                                 ^M 

plateti  of  eyelid,  908 

Tern jKiro- malar  nerve,  801 

boundaries  of,  1083                             ■ 

Tarso- metatarsal      articulations. 

Temporo-niaiillarv  articulation, 

cavity  of,  1083                                        I 

:i84 

327 

cutanetnis  nerves  of,  anterior,            1 

Tareiifi,  299 

surface  form  of,  330 

848                                        _^J 

nrtiealutions  of,  S80 

surgical  anatomy  of,  330 

lateral,  848                             ^H 

surface  farm  of,  31 Q 

vein,  653 

fascia*  of,  441                                       i 

surgical  anatomy  of,  311 

Tendu  Achillis,  523 

general  description  of,  1083 
lymphatics  of,  691 

synovial  membranes  of,  3S1 

pal]>ebranini  or  oculi,  395 

development  of,  308 

Tendon,  central  or  eordiform,  of 

meiifitirements  of,  1083,  1099 

Taste-goblets,  881 

diapbragm,  445 

musclesi  of,  441 

Teeth,  932 

conjoin^,  of  internal,  oblique 
ana      transversalis,     452, 

parts  passing  through  upper 

bicuspid,  1»33 

o (Honing  of,  1083 

Ixxiy  cif,  932 

1184 

surface  form  of,  236 

canine,  933 

structure  of,  389 

Thumb,    articulation     of,    with 

cement  nf,  937 

ot'  wrist,  relation  of,  490 

carpus,  359 

cortical  «idMjtanc«  of,  938 

Tenon,  capwiile  tjf,  890 

muscles  of,  492                             ^^M 

crown  of,  932 

Tenst^r  palati  miiKcleT  422 

Thymus  gland,  1124                         ^^M 

crusta  f>etriktiiL  of,  938 

tarsi  nmscle,  395 

lobe*  of,  1125                                    ■ 

eusptduto,  933 

lympani  muscle,  920 

lymphatics  of,  1126                            1 

det'idiAous,  932 

'  canal  for,  179,  917 

Thy rxVa  ry  tenoidei  is  m  uijcle,  1 1 06            1 

dental  tubnii  of,  936 

vaginse  femoris  muscle,  508 

Thyro- epiglottic  ligarocnt,  1102             1 

dentine  of,  935 

Tent,  734 

Thyro-epiglotlideus  muscle,  1 1 07            1 

developnieiit  of,  938 

Tenth  nerve.  819 

Thyro- hyril  of  hvoid  heme,  227               1 

en»mel  of,  938 

aurgical  anatomy  of,  822 

Thyro-hyoid  arch  (foetal),  1119        ^J 

eruption  of,  944 

Teres  major  muscle,  474 

ligaments,  1103                               ^^H 

eye,  932 

minor  nniscle,  474 

membrane,  1103                              ^^M 

false  ntolara,  933 

Testes,  1 156 

muscle,  411                                      ^H 

fang  of.  933 

coni  viLHcnlosi  of,  1158 

nerve,  825                                        ^H 

gene  nil  characters  of,  932 

coverings  of,  115^5 

Thyroid  artery,  inferior,  55>4             ^^ 

growth  of,  942 

development  of,  137                     , 

superior,  552                                     1 

incisors,  932 

gubernacubim  testis,  1161 
lobiilesof,  U'S 

surgical  anatomy  of,  552               1 

intertuhular  substance  of,  937 

It 

aitis,  584                                                 1 
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1             Thyroid  bmnchesof  sympathetic, 

Trachelo-mastoid  muscle,  436 

Triangularis  siemi  mu»deJ^M 

L^           '      872 

Tracheotomy,  1092 

Triceps  extensor  cniriH,  50i^H 

^H           cartilage,  1100 

Trachoma  glands,  909 

cubiti,  477                            ^K 

^^H           fomtiieii,  278 

Tract,    iimero*lateral    asceDding 

Tricuspid  valves,  1090          ^H 

^^H          ganglion,  872 

cerebellar,  700,  710,717 

Trifacial    or    tricreinitius  n^^H 

^m     gland.  1 122 

deacending  cerebellar.  70O, 

796                           _H 

^^M             iMhmusof,  1123 

710,717 

surface- marking  o^^^^^^ 

^^m             Ijm  p  h  at  i  cs  0  f,  692 

direct  cerebellar,  700,  710 

surreal  anatomy  ^|^^H 

^H          notcti.  ILIX) 

sensory,  742 

Trigone  of  bladder,  114^^^^^ 

^^H          ycms.  Inferior,  6^$ 

lateral,,  710 

Trigonuiu,  acustici,  724         ^H 

^^"                111  ill  die,  655 

of  Lissauer,  700 

habenulie,  749                        ^H 

W                     enperior,  <>'>4 

olfai-tory,  782,  783 

hypoglo!«i,  724,  828          ^^t 

1             Tlivroidea  ima  artery,  M5 

optic,  752 

olfactorium,  78^  784  ^^^B 

1             Tibia,  2^K^ 

pyramidal,  710,742 

^^^^M 

fc                 arliLulaiiona  of^  29(J 

'cros&ed,  7CM> 

ventriculi,  758               ^^^^| 

^^L          altaehuietit  of  nitiHtHee  to,  200 

direct,  7lK) 

Trochanter,  greater,  285       ^M 

^H          crest  t<  293,  204 

Tractua  intermedio-lateralis,  702 

les(»er,  286                                 ^M 

^^m          development  rA\  2% 

opticus,  793 

Trochanteric   fossa,  285         ^M 

^^m          fruL'ture  ofKhitft  of,  538 

spiralis  foramenulentus,  928 

Trochles,397                               ^1 

^^m          Diilrient  artery  i<  646 

Tragi  cus  nuiscle,  914 

of  femur,  288                          ^M 

^^H          s^iinouH  process  of,  293 

Tragus,  912 

of  hnmeruB,  251                    ^H 

^^H          surface  tonn  of.  2M 

Transversal  is  colli  artery,  686 

Trochlear  nerve,  796              ^^ 

^^H          surgical  anutoriiv  of,  299 

muscle,  430 

surgical  anatonij  of,  796 

^V          toberde  of.  293  ' 

fascia,  1185 

Trochoides,  316 

P                 tuherr»6ities  of,  293 

muscle,  453 

True  liEamenls  of  bladder,  1I4J 

L              Tibial  artery,  anterior,  641 

humeri  artery,  585 

pelviHi,  280 

^^H                     braocheH  of,  642 

Transverse    arteries    of   basilar, 

ribs,  232 

^^m                  peeulinriiiesof,  642 

583 

Trunk,  artienlHtions  of^  31^ 

^^H                   ^nrfuce-rnarking  of,  642 

colon,  1035 

nuiscles  of,  427                      ^^J 

^^H                   Biir^ical  aiiatoiiiy  of^  642 

di!«ksof  mtLHCuUr  6bre,  66 

TuW,  EuMat^luMii,  916           ^H 

^^B           lymplKitic  glatidij,  6B6 

facial  arterv,  559 

Fallopian,  1174                      ^H 

^^H          nerre,  anterior,  865 

vein,  652' 

Tuber  anmdare,  720                ^H 

^^M              pofiterior,  863 

fissure  of  brain,  770 

cinerenm,  750                  ^^^^M 

^^H          recurrent  artery,  642 

of  liver,  1051 

omentale,  1049,  1069    ^^^B 

^^P          reins,  anterit>r,'671 

joint  of  foot,  379 
ligament  of  atlas,  323 

paTiillnre,  1050                ^^^H 

^^^                poBteritjr,  671 

valvula-,  730                       ^^^ 

1             TibiatiB  antiuuH  muscle^  521 

of  hip,  364 

Tuberele,  carniid    or  CIlMlUf^ 

I                 posticus  muscle,  626 

1              TibiO'fihular  articulations,  376 

of  knee,  371 

nac's^   1 46                 ^^^^^ 

of  sen  J  HI  la,  345 

of  tbe  clavicle,  239      ^^^H 

■                 region,    anterior,   muscles    of, 

of  shouliler.  Mil 

cuneate,  711,  715            ^^^^H 

^^ 

8Ui>er6dal,  of  fingers,  492 

of  the  femur,  286          ^^^^H 

^^P              potJterinr,  muscles  of,  522 

tibio-iUnilttr,  377 

genial,                                 ^^^H 

r             Tibio-tarsal  li^ment,  377,  378 

pericardial  sinus,  1085 

genital,  140                            ^H 

L             Tongue,  879 

process  of  a  yertebra,  1 45 

of  liyoid  hone,  227              ^^| 

^H           arteries  of,  882 

sinusr  661 

lachrymal,  193               ^^^H 

^^H          fibrous  septum  of,  882 

suture,  207 

of  Lower,  1088              ^^^H 

^^m         frsnuin  of,  879 

Transyersiis  auricula^  914 

mauiillarv,  750              ^^^^M 

^^H          mucous  glands  of,  882 

periniei,  461 

mental,  202                     ^^^H 

^^H              membrane  of,  879 

(in  female),  46*4 

of  navicular.  304          ^^^^| 

^^H         muacles  of,  416 

Trapezium,  816 

for  odontoid  ligament^  1M^^| 

^^m         neryes  of,  883 

bone,  266 

of  optic  thataniiia,  746     ^^H 

^H          papillsf  of,  S80 

of  ^wus,  721 

of  rihs.  233                              ^M 

^^P          Berous  ghuidg  of,  882 

Trapezius  nni»cle,  428 

of  Rolando.  711,  715            ^H 

^^            surgical  imatomv  of,  883 

Trapeaoid  bone.  266 

of  scaphoid  of  carpua,  SBS'^^^H 

i               Tonailliir  arterv,  555 

Ugamenr,  344 

of  tibia,  293                             ^1 

1                   nerves,  818 

TreitR,  fossa  of,  995 

of  nlna,  254,  256                    ^H 

I               TonsiK  945 

ligament  of,  1018 

of  zygoma,  1 74                      ^^M 

^^^           of  cerebellum,  732 

muscle  of,  1018 

Tuhercula  quadri^nitna,  74^^| 

^^H          nerven  of^  945 

Triangle  of  elbow,  593 
of  Hesselbttch,  1190 

Tubercuhim  caudatum^  106S^^| 

^^T          yeai»elii  of,  1M5 

Tuben)sities  of  hiiDiems^grii^H 

S             Torcular  Herophili,  160,  658 

inferior  carotid,  563 

and  leaser^  248            ^H 

Torsion  of  inteHtbie,  972 

of  neckj  anterior.  563 

of  tibia,  293                          ^B 

of  Btomaeh,  972 

poster  ior,  565 

Tuberosity,  cuboid,  304           ^H 

Tiabeculse,  1090 

occipital,  565 

of  ischium,  276                       ^H 

of  corpus  cavernosuna,  1151 

Scnrpa^s,  630 

maxillary,  190                       ^M 

of  fa*taUkull,  IIH 

subclavian,  565 

of  palate  bone,  199              ^H 

of  testis,  1157 

submaxillary,  564 

of  raditis,  259                  ^^H 

Tracbea,  1108 

suboccipital,  582 

of  ribs,  233                    ^^H 

cartilages  of,  1110 

superior  carotid,  564 

Tubes,  brobchfal,  1108     ^^^1 

glantlsof,  1111 

Triangular   iuterarticutar  fibro- 

structure  of,  in  I  imp,  llli 

relations  of.  1 106 

cartilage,  355 

Tubular  secreting  glands,  98 

structure  of,  1110 

ligament    of    abdomen,    448, 

St  distance  of  kidney^  1129 

surface  form  of,  1111 

1183 

Tubuli,  dental,  936 

Burgi(»l  anatomy  of,  1111 

of  liver,  1053 

of  Ferrein,  1131            ^^^J 

Teasels  and  neryes  of,  1111 

of  tirellirD,  463,  1204 

laetiferi,  1179                  ^^^^H 
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Tubuli  recti,  1158 
seminiferi,  1158 
uriniferi,  1129 
Tuft,  vaficular,   in    Malpighian 

bodies  of  kidney,  1129 
Tunica  adventitia,  81 
albuginea,  1157 

of  eye,  397 
intima,  of  arteries,  80 
media,  81 
of  ovary,  1175 
Buyschiana,  895 
vaginalis,  1156 
oculi,  891 
propria,  1156 
reflexa,  1156 
Yasculosa  testis,  1158 
Turbinated  bone,  inferior,  200 
middle,  186 
superior,  187 
crest,  inferior,  192 
superior,  J  92 
Tutamina  oculi,  907 
Twelfth  nerve,  823 
Tympanic  artery,  from  internal 
carotid,  568 
maxillary,  560 
nerve,  818,  920 
of  facial,  812 
plate,  175,  914 
ring,  914 
spines,  913 
Tympanum,  916 
arteries  of,  920 
cavitv  of,  916 
membrane  of.  918 
mucous  membrane  of,  920 
muscles  of,  920 
nerves  of,  920 
ossicula  of,  918 
veins  of,  920 
Types  of  coca,  1031 
of  duodenum,  1009 

U. 

Ulna,  254 
articulations  of,  258 
coronoid  process  of,  254 
development  of,  258 
fracture  of  coronoid  process  of, 

501 
muscles  attached  to,  258 
of  olecranon,  501 
process  of,  254 
of  shaft,  501 
sigmoid  cavities  of,  256 
styloid  process  of,  258 
surface  form  of,  259 
surgical  anatomy  of,  261 
tubercle  of,  254,  256 
Ulnar  artery,  601 
branches  of,  602 
peculiarities  of,  601 
recurrent,  anterior,  602 

posterior,  602 
surface-marking  of,  602 
surgical  anatomy  of,  602 
collateral  nerve,  843 
nerve,  841 

surgical  anatomy  of,  844 
vein,  anterior,  663 
posterior,  663 
Umbilical  arteries  in  foetus,  130, 
1097 


Umbilical  arteries  in  foetus,  how 
obliterated,  1099 
cord,  115 

fissure  of  liver,  1051 
loop,  969 
notch,  1049,  1051 
vein,  130 
vesicle,  109 
Umbilicus,  109 
Unciform  bone,  267 

process  of  ethmoid,  186 
Uncus,  781 

Ungual  phalanges,  270 
Uustriped  muscle,  68 
Upper  extremities,  arteries  of, 
575 
bones  of,  238 
fascia  of,  465 
ligaments  of,  340 
lymphatics  of,  684 
muscles  of,  465 
nerves  of,  837 
surface  form  of,  497 
surgical  anatomy  of,  499 
veins  of,  662 
Urachus,  113,  963, 1143 
Ureters,  1036 
muscles  of,  1137 
nerves  of,  1137 
vessels  of,  1137 
Urethra,    bulbous    portion    of, 
1147 
caput  gallinaginis,  1146 
development  of,  140 
female,  1167 
male,  1146 

membranous  portion,  1146 
prostatic  portion,  1146 

sinus  of,  1146 
rupture  of,  course    taken  by 

urine,  1203 
sinus  pocularis  of,  1146 
spongy  portion  of,  1147 
structure  of,  1147 
surgical  anatomy  of,  1147 
verumontanum,  1146 
Urinary  organs,  1127 

development  of,  135 
Urogenital  sinus,  140 
Uterine  arteries,  622 
plexus,  878 
of  veins,  673 
Uterus,  1168 
after  parturition,  1173 
appendages  of,  1174 
arbor  vitie  of,  1172 
broad  ligaments  of,  1171 
cavity  of,  1172 
development  of,  1 37 
during  menstruation,  1173 

pregnancy,  1173 
in  foetus,  1073 
fundus,  body,  and  cervix   of, 

1168 
ganglia  of,  878 

nerves  of,  878 
ligaments  of,  1169 
lymphatics  of,  689 
masculinus,  138,  1146 
nerves  of,  1173 
in  old  age,  1174 
at  puberty,  1173 
round  ligaments  of,  1177 
shape,    position,    dimensions, 
1168 


Uterus,  structure  of,  1170 

vessels,  1173 
Utricle  of  vestibule,  926 
Uvea,  896 
Uvula  of  cerebellum,  732 

of  throat,  944 

vesicae,  1144 

V. 

Vagina,  1167 
columns  of,  1168 
lymphatics  of,  689 
orifice  of,  1163 
Vaginal  arteries,  622 
plexus  of  nerves,  878 

of  veins,  673 
process  of  temporal,  175,  17S 
processes  of  sphenoid,  182 
synovial  membranes,  313 
Vagus,  ganglion  of  root  of,  819 
nerve,  819 
of  trunk  of,  819 
Vallecula,  726 

Sylvu,  774,  784 
Valsalva,  sinuses  of,  542,  1091, 

1094 
Valve,  coronary,  1088 
Eustachian,  1089 
of  Gerlach,  1033 
of  Hasner,  911 
ileo-caecal,  1033 
ileo-colic,  1033 
mitral,  1093 
of  Morgagni,  1042 
of  Thebeaius,  1088 
tricuspid     flaps,     infundular,, 
1090 
right,  1090 
septal,  1090 
of  Vieussens,  720,  733,  734 
Valves  of  lymphatics,  86 
pulmonic,  1089 
of  rectum,  1041 
in  right  auricle,  1088 
semilunar  aortic,  1093 
of  veins,  84 
Valvula  Bauhini,  1033 
Heisteri,  1064 
pylorica,  1000 
Valvulse  conniventes,  1021 
Vas  aberrans,  1 159 
deferens,  1159 
structure  of,  1159 
Vasa  aberrantia,  1062 

from  brachial  artery,  595 
afl^erentia  of  lymphatic  glands^ 

680 
brevia  arteries,  612 

veins,  675 
efferentia  of  testis,  1158 

of  lymphatic  glands,  680 
intestini  tenuis,  1158 
recta,  1158 

vasorum  of  arteries,  82 
of  veins,  85 
Vascular  system,  changes  in,  at 
birth,  1099 
general  anatomy  of,  80 
peculiarities  in  the  foetus^ 
1097 
Vaso-motor  nerves,  74 
Vastus  extemus  muscle,  509 
intemus  and  crureus,  510 
Vater,  corpuscles  of,  77,  note. 


emiielkr«  657 

,  like,  m% 
,B70 

of  oorpw  ip<>q|»woii^  ^3 

deefi^  or  tc««'  cfmnAx^  649 
^tcmsl  ififerior,  65S 

of  difiloe,  555 
dcmal  of  pet)  ill,  ^% 

mpedicial,  6T0 

fmtial.  ^s*l 

femoral,  672 

ini  ttil«roH4aI,  655 

<ii  (jftl«n,  667 
ga«iric%  676 
eiuKfti.  672 
ovfiKrrrbdifiAi,  672 


674 
|i  »  ■**?*  ®54 

tmoatfailicalii,  9^ 
-,671 

pbteiiic^o75 
pIsiilBr,  «xl«fiiai,  071 

popUie*^  671 

pUirtisies  of  OFVftriaxi.  1170 

pafiipiniibrnif     674,      1155^ 
il7S 

pbaijngcftlf  654 

plet7gDid,  652 

qKimaEic;  674,  1155 

uteHiie,  673 

Tagin&J,  S73 

f  esiGO'proitatic^  65S 
pomi,  m  077,  1IIG7,  IflaO 
profu&da  fefiMfi^  fTS 

ml^fuilf  liT2 
pylmoDUT^  65tf 
ndiaL  663 
imaiii^  652,  654 
renal,  67i).  1IS4 
WTTmU  lateral.  673 

iQiddla,  07  H 
8alTat«lJ%  663 


Tbefaoii,  tic  aM^HB  « 

678«lt» 
rcirti 
V< 

iraiciide  of  braia.  ttK  T< 

6«croC  t^TV 
third,  707.  T4a,  T« 
df  GorpiB  ralhwiii^  TIC 
Of  hwi,  leA^  IMS 

of  lirrmz,  1  l#fr 

lateimi.  TW,  75* 

V^fmiculjkr  i 
VermUbim  j  _  _ 

pfctoev  of  cnvfaell^n.  M 
727 
impmor^  7Z7 
Vemix  c«raK»  ISb 
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Vertebne,  144 
cervical,  145 
development  of,  152 
dorsal  149 

general  characters,  144 
gaments  of,  319 
lumbar,  151 
sacral,  155 
structure  of,  152 
Vertebral  aponeurosis,  433 
artery,  581 
column,  160 
articulation  of,  319 
ossification  of,  152 
surface  form  of,  162 
ligaments,  319 

region,  muscles   of,  anterior 
424 
lateral,  425 
vein,  655 
Vertex  of  skull,  208 
Vertical  plate  of  palate  bone, 

198 
Verumontanum,  1146 
Vesical  artery,  inferior,  622 
middle,  622 
superior,  622 
plexus  of  nerves,  878 
Vesicle,  auditory,  124 
cerebral,  119,  706 
fissure,  1052 
germinal,  101 
hemisphere,  707 
ocular,  123 
optic,  752 
of  Purkinje,  101 
umbilical,  109 
Vesicles,  Graafian,  1176 
Vesico-prostatic  plexus  of  veins, 

673 
Vesico-uterine  ligaments,  1169 

pouch,  981,  988 
Vesicula  prostatica,  1146 
Vesiculse  seminales,  1160 

surgical  anatomy  of,  1161 
vessels  and  nerves  of,  1161 
Vesicular   column    of    anterior 

cornu  of  spine,  702 
Vessels  of  large  intestine,  1029 
of  liver,  1060 
of  rectum,  1042 
of  small  intestine,  1026 
of  spleen,  1077,  1079 

79 


Vessels  of  stomach,  1007 
Vestibular  artery,  927 

nerve,  927 
Vestibule,  aortic,  1094 
of  ear,  921 
a<^ueduct  of,  177,  921 
Vestigial  fold  of  pericardium,  666 
Vibrissse,  885 
Vidian  arterv,  562 
canal,  184* 
nerve,  804 

sphenoidal  filament,  804,  808 
Vieussens,    valve  of,   733,  734, 

796 
Villi,  1022 

structure  of,  1023 
Viscera,  pelvic  position    of,  at 

outlet  of  pelvis,  1206 
Visceral  clefts,  118 
Vitelline  circulation,  126 
duct,  967,  970 
membrane,  100 
Vitellus,  100 
Vitreous  humor  of  the  eye,  903 

table  of  the  skull,  144 
Vocal    cords,   inferior   or    true, 
1103 
superior  or  false,  1105 
process,  1102 
Voice,  organs  of,  1100 
Voluntary  muscles,  64 
Vomer,  201 
ale  of,  201 
articulations  of,  201 
I     development  of,  201 
;  Vortex  of  heart,  1095 
i  Vulva,  1163 
I     development  of,  140 
i 

!  W. 

!  Wagner,  tactile  corpuscles  of,  76 
I  Wall,  abdominal,  957,  959 
j  Watney    on    the    structure    of 
I  thymus,  1126 

I  Weight  of  organs.    See  Individ- 
ual Organs. 

Wharton's  duct,  947 

White  fibrous  tissue,  45 

nerve-matter,  69 
I     substance  of  cord,  699 
I         of  Schwann,  71 
i  Willis,  circle  of,  573,  584 


Winslow,  foramen  of,  975,  992 

ligament  of,  368 
Wirsung,  canal  of,  1070 
Wisdom  tooth,  935 
Wolffian  duct,  135 
Womb.    See  Utenu, 
Worm  of  cerebellum,  725,  727 
Wormian  bones,  188 
Wrisbei^,  cartilages  of,  1102 

ganglion  of,  874 

nerve  of,  840 
Wrist-joint,  356 

surface  form  of,  270,  357 

surgical  anatomy  of,  357 
Wry-neck,  411 

X. 

Xiphoid  appendix,  229 


Y-ligament,  364 

Y-shaped  centre  of  acetabulum, 

278 
Yellow  cartilage,  53 

elastic  fibrous  tissue,  45 

spot  of  retina,  898 
Yolk,  101 

sac  109,  967 

stalk,  967 


Zinn,  ligament  of,  397 
Zona  arcuata,  925 

fasciculata,  1138 

fflomerulosa,  1138 

mcerta,  745 

mesogastric,  961 

pellucida,  101 

radiata,  101 

reticularis,   1138 

vasculosa,  1176 
Zygoma,  174 

roots  of,  174 

tubercle  of,  174 
Zygomatic  arch,  216 

fossae,  216 

lymphatic  glands,  681 

process  of  malar,  197 
Zygomaticus  major  muscle,  400 
i     minor,  400 
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and  revised*     8vo.  of  880  pages,  with  150  original  engravings.     Cloth,  $5 ;  leather,  f  <>* 

ERICHSEN  fJOHN  E.l.     THE  SCIEA\XrE  AND  ART  OF  SURGERY,     A  imv 

American  from  the  eighth  enlarged  and  revised  London  edition.  In  two  large  oeUvo 
volumes  cont^ning  2,^16  pages,  with  1j»84  engravings.     Cloth,  $9 ;  leather,  f  11. 

ESSIG   (CHARLES  J.).    PROSTHETIC  DENTISTRY,    See  Amenaui  Tai-lMttkt 

of  Deniiittnjj  page  2* 

FARQUHARSON  (ROBERT}.  A  GUIDE  TO  THERAPEUTICS,  FooitJi 
American  from  fourth  English  edition,  revised  bj  I'^ank  Wt»ODBUBY,  M.I>.  Id  om 
12ma.  volume  of  581  pages.     Cloth,  $2,50. 

FIELD   (GEORGE  P.).    .4  MANUAL  OF  DISEASES  OF  THE  EAR,    Fooiih 

edition.     ( >etavo,  391  pages,  with  73  engravings  and  21  colored  plates.     Cloth,  $3,7&, 

FLINT  (AUSTIN).  A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE 
OF  MEDICINE,  New  (7th)  eilition,  thoroughly  revised  hv  Fredkrick  P.  Hekht, 
M.D.     In  one  large  8vo.  volume  of  114:1  pagesi,  with  engra?in^.     Cloth,  $5;  leather,  $6L 

A  MANUAL  OF  AUSCULTATION  AND  PERCUSSION;  of  the  Phj^i- 

cal  Diagnoaia  of  Dh^easea  of  the  Luog^i  and  Heart,  and  of  Thoracic  Anearu^iu.  FtA.h 
edition,  revised  by  J  AMIS  C.  WrLSON,  M.D.  In  one  handsome  12mo.  voltune  of  27i 
pages,  with  12  engravings. 

A    PRACTICAL    TREATISE   ON   THE  DIAGNOSIS  AND    TREAT* 

ME  NT  OF  DISEASES  OF  THE  HEART  Second  edition,  enlarged.  In  one 
octavo  volume  of  550  pagew.     Cloth,  |4. 

A   PRACTICAL    TREATISE  ON  THE  PHYSICAL  EXPLORATION 


OF   THE  CHEST,  AND    THE  DIAGNOSIS  OF  DISEASES  AFFECTING 
THE  RESPIRA  TOR  Y  ORG  A  NS,    Second  and  revised  edition.     In  one  octavo  voJ- 
ume  of  591  pages.     Cloth,  14.50. 
MEDICAL  ESS  A  YS.    In  one  12rao.  volume  of  210  pages.    Cloth,  $1.38. 

ON  PHTHISIS:  ITS  MORBID  ANATOMY,  ETIOLOGY,  ETC.    A  Semi 

of  Clinical  Lectures.     In  one  8vo.  volume  of  442  pages.     Cloth,  $3.50. 

FOLSOM  (C.  F.)*  -4.V  ABSTRACT  OF  STATUTES  OF  U  S.  ON  CUSTODY 
OF  THE  INSANE.  In  one  8vo,  volume  of  108  pages.  Cloth,  $L50.  With  Oomm 
on  Maitnl  Di<m»rA  (see  page  4  ),  at  $5.00,  nH^  for  the  two  works. 

FOBMTJLARY.  THE  NATIONAL.    See  Sim,  Mauch  A  C^uiparC*  Natumd  Dapmrn- 

tiynf^  pn}^e  14. 
FORMULARY,  POCKET.     See  page  1. 

FOSTER  (MICHAEL).  A  TEXT-BOOK  OF  PHYSIOLOGY.  New  (Bth)  and 
revised  American  from  the  Bixth  English  edition.  In  one  large  octavo  volume  of  ^23 
pages,  with  257  illust  ratio  as.     Cloth,  $4.50;  leather,  $6.50. 

FOTKERGILL    (J.   MILNER).     THE  PRACTITIONER'S  HAND-BOOK   OF 

TREA  TMKNT     Third  ethtion.     In  one   handsome  octavo  volume  of   61^4   p«g«i^ 
Cloth,  $:175;  leather,  $4.75. 

FOWNES   (GEORGE) 

ORGANIC  AND  ORGAN 


A  MANUAL  OF  ELEMENTARY  CHEMISTRY  (TN- 

ANIC).    Twelfth  edition.     Era  bodying  Watts'  Pkifmeai  md 
Imirqank  ChenvUiry,     In  one  roval  12mo.  volume  of  lOtil  pages,  with  1<>8  engravioga, 
1  colored  plate.     Cloth,  $2.75 ;  leather,  $3.25. 
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FBANKLAND  (B.)  AND  JAPP  (F.  E.).    INORGANIC  CHEMISTRY,    In  one 

handsome  octavo  volume  of  677  pages,  with  51  engravings  and  2  plates.    Cloth,  $3.75 ; 

leather,  $4.75. 
PULLER  (EUGENE).    DISORDERS  OF  THE  SEXUAL  ORGANS  IN  THE 

MALE,    In  one  v^  handsome  octavo  volume  of  238  pages,  with  25  engravings  and 

8  full-page  plates.    Cloth,  $2. 
PULLER  (HENRY).    ON  DISEASES  OF  THE  L  UNQS  AND  AIR-PASS  A  OES. 

Their  Patnology,  Physical  Diagnosis,  Symptoms  and  Treatment    From  second  English 

edition.     In  one  8vo.  volume  of  475  pages.    Cloth,  $3.50. 

QANT  (PREDERIOK  JAMES).  THE  STUDENT'S  SURGERY,  A  Multum  in 
Parvo.    In  one  square  octavo  volume  of  845  pages,  with  159  engravings.    Cloth,  $3.75. 

GERRI8H  (PREDERIO  H.).  A  TEXT-BOOK  OF  ANATOMY.  By  American 
Authors.  Edited  by  Fbbdebic  H.  Gerrish,  M.D.  In  one  imp.  octavo  volume  of  915 
pages,  with  950  illustrations  in  black  an<i  colors.  Just  ready,  Cloih,  $6.50;  flexible 
water-proo',  $7  ;  sheep,  $7.50,  net, 

GIBBE8  ^EENEAGE).  PRACTICAL  PATHOLOGY  AND  MORBID  HIS- 
TO  LOG  Y,  Octavo  of  314  pages,  with  60  illustrations,  mostly  photographic.  Cloth,  $2.75. 

GIBNEY  (V.  P.).  ORTHOPEDIC  SURGERY,  For  the  use  of  Practitioners  and 
Students.    In  one  8vo.  volume  profusely  illustrated.    Preparing. 

GOULD  (A.  PEAROE).  SURGICAL  DIAGNOSIS,  In  one  12mo.  volume  of  689 
pages.     Cloth,  $2.    See  JStudenU^  Series  of  Manucds,  page  14. 

GRAY  (HENRY).  ANATOMY,  DESCRIPTIVE  AND  SURGICAL.  New 
American  edition  of  1897,  thoroughly  revised.  In  one  imperial  octavo  volume  of  1239 
pages,  with  772  large  and  elaborate  engravings.  Price  with  illustrations  in  colors,  cloth, 
$7 ;  leather,  $8.     Price,  with  illustrations  in  black,  cloth,  $6 ;  leather,  $7. 

GRAY  (LANDON  GARTER).  A  TREATISE  ON  NERVOUS  AND  MENTAL 
DISEASES.  For  Students  and  Practitioners  of  Medicine.  Second  edition.  In  one 
handsome  octavo  volume  of  728  pages,  with  172  engravings  and  3  colored  plates.  Cloth, 
$4.75;  leather,  $5  75. 

GREEN  (T.  HENRY).  AN  INTRODUCTION  TO  PATHOLOGY  AND  MOR- 
BID ANATOMY.  New  (8th)  American  from  eighth  and  revised  English  edition. 
Oct.  595  pages,  with  215  engravings  and  a  colored  plate.     Cloth,  $2.50,  net.     Just  Ready, 

GREENE  (WILLIAM  H.).  A  MANUAL  OF  MEDICAL  CHEMISTRY,  For 
the  Use  of  Students.  Based  upon  Bowman's  Medical  Chemistry,  In  one  12mo.  volume 
of  310  pages,  with  74  illustrations.     Cloth,  $1.75. 

GROSS  (SAMUEL  D.).  A  PRACTICAL  TREATISE  ON  THE  DISEASES, 
INJURIES  AND  MALFORMATIONS  OF  THE  URINARY  BLADDER, 
THE  PROSTATE  GLAND  AND  THE  URETHRA,  Third  edition,  revised  by 
Samuel  W.  Gross,  M.D.     Octavo  of  574  pages,  with  170  illustrations.     Cloth,  $4.50. 

HASERSHON  (S.  0.).  ON  THE  DISEASES  OF  THE  ABDOMEN,  comprising 
those  of  the  Stomach,  CEsophagus,  Cecum,  Intestines  and  Peritoneum.  Second  Amer- 
ican from  the  third  Englbh  edition.  In  one  octavo  volume  of  554  pages,  with  11  engrav- 
ings.    Cloth,  $3.50. 

HALL  (WINFIELD  S.).  TEXT-BOOK  OF  PHYSIOLOGY.  Octavo,  about  500 
pages,  amply  illustrated.     In  press. 

HAMILTON  (ALLAN  McLANE ).  NER  VO  US  DISEASES,  THEIR  DESCRIP- 
TION AND  TREATMENT.  Second  and  revised  edition.  In  one  octavo  volume  of 
598  pages,  with  72  engraving.     Cloth,  $4. 

HAMILTON  (FRANK  H.).  A  PRACTICAL  TREATISE  ON  FRACTURES 
AND  DISLOCATIONS.  Eighth  edition,  revised  and  edited  by  Stephen  Smith, 
A.M.,  M.D.  In  one  handsome  octavo  volume  of  832  pages,  with  507  engravings. 
Cloth,  $0.50;  leather.  $6.50. 

HARDAWAY  (W.  A.).  MANUAL  OF  SKIN  DISEASES.  New  (2d)  edition. 
In  one  12mo.  volume,  560  pages  with  40  illustrations  and  2  colored  plates.  Cloth, 
$2.25,  net.     Just  Ready. 

HARE  (HOBART  AMORY).  A  TEXT-BOOK  OF  PRACTICAL  THERA- 
PEUTICS, with  Special  Reference  to  the  Application  of  Remedial  Measures  to  Disease 
and  their  Employment  upon  a  Rational  Basis.  With  articles  on  various  subjects  by  well- 
known  specialists.  New  (7th)  and  revised  edition.  In  one  octavo  volume  of  775  pages. 
Cloth,  $3.75,  net;  leather,  $4.50,  net. 
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HAEE  (HOBAETAMORY),  PRACTICAL  DIAGNOSIS.  The  Use  of  Syinptoii^] 
in  tlie  DiagnofiU  of  Diseaa^  New  (4tii  f  ediiion^  revised  and  enlarged.  In  one  ooiaitl| 
volume  of  023  pagoS)    with   2Q5  enpravings,  mid   14   full-pAge  plates.     Cloth*  $5,  mH, 

HARE  (HOBAET  AMOBY),  Editor,    A  SYSTEM  OF  PRACTICAL  THERA^ 

PEUTICS,  By  American  and  Foreign  Authors.  In  a  aeries  of  contributions  br  anu- 
neat  practitionere.  In  four  large  octavo  volumes  comprising  4600  pages,  witi  47(^ 
eogr&TingB,  VoK  IV.,  now  ready.  Regular  prif!e,  XiA.  IV,,  cloth,  $6  ;  leather,  $7  ;  half 
BoBsia,  $8.  Price  Vol.  IV.  to  former  or  new  subscribers  to  complete  work,  clothe  $&; 
leatheTf  |6 ;  half  BuHaia,  $7.  Complete  work,  cloth,  $20  ;  leather,  |24  ;  half  RnaBia,  ^SS. 
For  aaU  hy  mtinenption  only.     Full  prospectus  free  on  application  to  the  PubH&heni. 

HABE  (HOBABT  AMOEY),  OX  THE  MEDICAL  COMPLICATIONS  AND 
^EQUEL.¥:  OF  TYPHOID  FEVER.    Octavo,  276  pa^e^  21  engravings  and  2  full* 

page  plates.     JuM  reathL     (loth,  $2.40,  ncL 

HABT8H0RNE  (HENBYl  ESSENTIALS  OF  THE  PRINCIPLES  AND 
PRACTICE  OF  MEDICINE,  Fifth  edition.  In  one  12po.  Tolume,  669  p«gtt, 
with  144  engravings.     Cloth,  $2.75;  half  bound,  $3. 

^ A   HANDBOOK  OF  ANATOMY  AND  PHYSIOLOGY.     In  ont;  ISmo. 

volume  of  310  pages,  with  220  engravings.     Cloth,  $1,75. 
A  CONSPECTUS  OF  THE  MEDICAL  SCIENCES,    Compriang  ManiuUt 

of  Anatomy^  Physiology-,  Chemistry,  Materia  Medica,  Practice  of  Medicine,  Sorgenr  ind 

Obetetrica,     Second  edition.     In  one  royal  12mo.  volume  of  1028  pages,  with  4fr*illtt»- 

trations.     Cloth,  $4.25;  leather,  |5. 
BAYDEH  (JAMES  B,).    A  MANUAL  OF  VENEREAL  DISEASES,     New  (2d) 

edition.     In  one  12nio.  volume  of  304  pages,  with  54  engravings.     JuM  ready.     Cloth, 

$1,50,  net. 
HAYEM  iQEOBOES)  AND  HABE  (H,  A.).    PHYSICAL  AND  NATURAL 

THERAPEUTICS.    The  Remedial  U»e  of  Heat- Electricity,  Modific«tions  of  AtoKv- 

?heric  Preeeiire^  Climates  and  Mineral  Waters.     Edited  by  Prof  H.  A-  Hare,  M.D. 
n  one  octavo  vohiine  of  414  pages,  with  113  engravings.     Cloth,  $3. 
HEBMAK  (Q.  EBNEST).    FIRST  LINES  IN  MIDWIFERY.     12ma,  198  pa^m 
with  m  engravings.     Cloth,  $1,25.     See  StudejUj^  Serieg  of  MmuaiJ^,  page  14.  _ 

HERMANN  ( L.  )*  EXPERIMENTAL  FHARMA COLOO  Y,  A  Handbook  of  tht 
Method;^  for  Duterniining  the  Physiological  Actions  of  Dnign.  Translated  by  BoBiacr 
Mkaije  Smith,  M.  D.     In  one  12nio.  vol.  of  199  pages,  with  32  engravings.     Clolh,  $1.5JX 

HEBBIOK  (JAMES  B. ).    A  HANDBOOK  OF  DIAGNOSIS,    In  one  hand^xne 

I2mo.   voiunie  of  42M  page*s  with  80  engravings  and  2  colored  plates.     Clolh,  f2.5(L 

HILL  ( BERKELEY  .    SYPHILIS  AND  LOCAL  CONTAGIO  US  DISORDERS. 

In  one  8vo.  vuhiiiio  of  479  pagtii?.     Cloth,  $3.25. 
HILLIEB  (THOMAS),    A  HANDBOOK  OF  SKIN  DISEASES,    Second  edxUoiu 

In  one  royal  12iJio,  volume  of  353  panares,  with  two  plates.     Cloth,  $2.25, 

HIBST  (BARTON  C J  AND  PIEBSOL  laEORGEA.K  HUMAN  MONSTROS- 
ITIES. Mugnificetit  fulio,  containing  220  pugt-s  or  text  and  illustrated  with  123  enj^mf- 
ixi£B  and  39  large  photographic  platee  from  nature.  In  four  parta,  price  each,  |5.  lAmiiai 
^ekdofL     For  mde  by  mihgeription  only. 

HOBLYN  (RIOHARB  D.).  A  DICTIONARY  OF  THE  TERMS  USED  IN 
MEDICINE  AND  THE  COLLATERAL  SCIENCES,  In  one  12mo.  volume  of 
520  double-colinimed  pagt's.     Cloth,  $1.50;  lenther,  $2. 

HODGE  (HUGH  LJ.  ON  DISEASES  PECULIAR  TO  WOMEN,  INCL  UDINQ 
DISPLACEMENTS   OF   THE    UTERUS.    Second  and  revised  edition-     In  out 

8vo,  volume  of  519  pages,  with  illui<tratic>niS,     Cloth,  $4.50. 

HOFFMANN  (FREDERIOKl  AND  POWER  (FREDERICK  B.).  A  MANUAL 
OF  CHEMICAL  ANALYSIS,  as  Applied  to  the  Eiaraination  of  Medicinal  Chemicmlfi 
and  their  Preparatioas.  Third  edition,  entirely  rewritten  and  much  enlarged.  La  one 
handsome  octavo  volume  of  621  pagca,  with  179  engravings.     Cloth,  $4,25. 

HOLMES    (TIMOTHY).     A    TREATISE    ON  SURGERY,     Its  Principle  md 

Practice,  A  new  American  from  the  fifth  EngU,Hh  edition.  Edited  by  T.  Pick^sbiko 
PiCJt,  F.R.C.S.  in  one  handsome  octavo  volume  of  1008  pages,  with  428  engraTingL 
aoth^  16  ;  leather,  $7. 
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HOLMES  (TDIOTHT).  A  SYSTEM  OF  SURGERY.  With  notes  and  additions 
by  various  American  aathors.  Edited  by  John  H.  Packabd,  M.  D.  In  three  very 
handsome  8vo.  volomes  contaimng  3137  double-columned  pages,  with  979  engraving  and 
13  litho^phic  plates.  Per  volume,  cloth,  $6 ;  leather,  $7 ;  half  Russia.  $7.50.  For  mU 
by  9ub9cnption  only, 

HOBNEB  (WnJilAM  E.).  SPECIAL  ANATOMY  AND  HISTOLOGY.  Eighth 
edition^  revised  and  modified.  In  two  large  8vo.  volumes  of  1007  pages,  containing  320 
engravmgs.     Cloth,  $6. 

HUDSON  (A.).  LECTURES  ON  THE  STUDY  OF  FEVER.  In  one  octevo 
volume  of  308  pages.     Cloth,  $2.50. 

HUTCHISON  (EOBEET)  AND  RAINY  (HARRY).  CLINICAL  METHODS 
An  Introduction  to  the  Practical  Study  of  Medicine.  In  one  12mo.  volume  of  562  pages, 
with  137  engravings  and  8  colored  plates,    Cloth,  $3. 00.    Just  ready. 

HUTCHINSON  (JONATHAN).  SYPHILIS.  12mo.,  542  pages,  with  8  chromo- 
Uthographic  plates.     Cloth,  $2.25.     See  Series  of  Clinical  mcaiuaU^  page  13. 

HYDE  (JAMES  NEVINS).  A  PRACTICAL  TREATISE  ON  DISEASES  OF 
THE  SKIN.  New  (4th)  edition,  thoroughly  revised.  Octavo,  815  pages,  with  110 
engravings  and  12  full-page  plates,  4  of  which  are  colored.     Cloth,  $5.25;  leather,  $6*25. 

JACKSON  (GEORGE  THOliASJ.  THE  READY-REFERENCE  HANDBOOK 
OF  DISEASES  OF  THE  SKIN.  New  (3d)  edition.  12mo.  volume  of  637  pages, 
with  75  engravings,  and  one  colored  plate.    Just  ready.     Cloth,  $2.50,  net. 

JAMTESON  (W.  ALLAN).    DISEASES  OF  THE  SKIN.    Third  edition.    OcUvo, 

656  pages,  with  1  engraving  and  9  double-page  chromo-lithog^phic  plates.     Cloth,  $6. 
JEWETT  (CHARLES).    ESSENTIALS  OF  OBSTETRICS.    In  one  12mo.  volume 

of  356  pages,  with  80  engravings  and  3  colored  plates.     Cloth,  $2.25.     Just  ready. 
THE  PRACTICE  OF  OBSTETRICS.  By  American  Authors.    One  large  octavo 

volume  of  763  pages,  with  441  engravings  in  black  and  colors,  and  22  full-page  colored 

plates.     Just  ready.     Cloth,  $5.00,  n«< ;  Leather,  $6.00,  net 

JONES  (C.  HANDHELD).  CLINICAL  OBSERVATIONS  ON  FUNCTIONAL 
NER  VO  US  DISORDERS.  Second  American  edition.  In  one  octavo  volume  of  340 
pages.     Cloth,  $3.25. 

JULER  (HENRY).  A  HANDBOOK  OF  OPHTHALMIC  SCIENCE  AND 
PRACTICE.  Second  edition.  In  one  octavo  volume  of  549  pages,  with  201  engrav- 
ings, 17  chromo-lithographic  plates,  test-types  of  Jaeger  and  Snellen,  and  Holmgren's 
ColoivBlindness  Test.     Cloth,  $5.50;  leather,  $6.50. 

KIRK  (EDWARD  C).  OPERATIVE  DENTISTRY.  See  American  lexirbooks  q^ 
Dentistry,  page  2. 

KING  (A.  F.  A.).  A  MANUAL  OF  OBSTETRICS.  Seventh  edition.  Inonel2mo. 
volume  of  573  pages,  with  223  illustrations.     Cloth,  $2.50. 

KLEIN  (E.).  ELEMENTS  OF  HISTOLOGY.  New  (5th)  edition.  In  one  pocket, 
size  12mo.  volume  of  506  pages,  with  296  engravings.  Cloth,  $2.00,  net  Just  Ready. 
See  Student^  Series  of  Manuals,  page  14. 

LANDIS  fHENRY  G.).  THE  MANAGEMENT  OF  LABOR.  In  one  handsome 
12mo.  volume  of  329  pages,  with  28  illustrations.     Cloth,  $1.75. 

LA  ROCHE  (R.).  YELLOW  FEVER.  In  two  8vo.  volumes  of  1468  pages. 
Cloth,  $7. 

PNEUMONIA.    In  one  8vo.  volume  of  490  pages.     Cloth,  $3. 

LAURENCE  (J.  Z.)  AND  MOON  (ROBERT  C).  A  HANDY-BOOK  OF 
OPHTHALMIC  SURGERY.  Second  edition.  In  one  octavo  volume  of  227  pages, 
with  66  engravings.     Cloth,  $2.75. 

LEA  (HENRY  C).  CHAPTERS  FROM  THE  RELIGIOUS  HISTORY  OF 
SPAIN;  CENSORSHIP  OF  THE  PRESS;  MYSTICS  AND  ILLUMINATI; 
THE  ENDEMONIADAS ;  EL  SANTO  NINO  DE  LA  GUARDIA;  BRI- 
AND  A  DE  BARDAXI.    In  one  12mo.  volume  of  522  pages.     Goth,  $2.50. 

A  HISTORY  OF  AURICULAR  CONFESSION  AND  INDULGENCES 

IN  THE  LATIN  CHURCH.     In  three  octavo  volumes  of  about  500  pages  each. 
Per  volume,  cloth,  $3.     Complete  work  just  ready. 
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LEA  (HENRY  0.).    FORMULARY  OF  THE  PAPAL  PENITENTIARY, 

one  octavo  volume  of  221  pages,  with  frontispiece,     Cloth^  $2.50* 


Id 


STUDIES  IN  CHURCH  HISTORY.     The  Ri^e  of  the  Tempoiml  Power- 

Benefit  of  Clergy — Exeommunleatioa.     New  edltioD.     In  one  handsome  X2mo.  voltune 

of  G05  pages.     Cloth,  $2,50. 

-^-^  SUPERSTITION  AND  FORCE;  ESS  A  YS  ON  THE  WAGER  OF  LA  W, 
THE  WAGER  OF  RATTLE,  THE  ORDEAL  AND  TORTURE.  Fourth 
edition^  thorough! v  revised.     In   one   handsome  royal   12mo.    volume  of    629  pag«B. 

Cloth,  12.75. 

AN  HISTORICAL  SKETCH  OF  SACERDOTAL  CELIRACT  IN  THE 

CHRISTIAN  CHURCH     Second  edition.     In  one  handsome  octavo  vottime  of  6SS 
pages.    Cloth,  $4.50. 


LEE  (HENRY)  ON  SYPHILIS.     In  one  8vo.  volume  of  246  pages.     Cloth,  |2.25, 

LEHMANN  (C.  O.).    A  MANUAL  OF  CHEMICAL  PHYSIOLOGY.     In  one 

8vo.  volume  of  327  pages  with  41  engravizigs.     Cloth,  $2»25. 

LOOMIS  < ALFRED  L.)  AND  THOMPSON  i W.  OILMAN),  Editors.  A  SYS- 
TEM OF  PR  A  VTICA  L  MEDICINE.  In  ContribuiiorLs  by  Various  Araencan  Autliora. 
In  four  verj  handsome  octavo  volumes  of  about  yCH)  page^  each,  fully  Illustrated  in  black 
and  colors.  CompieU  work  notr  ready.  Per  volume,  cloth,  $5 ;  leather,  $G ;  half 
Morocco,  ^7.  For  mU  by  sttbaeripii&n  only.  Full  proapectus  free  on  application  to  the 
Pablishena. 

LUFF   (ARTHUR  ¥A.    MANUAL  OF  CHEMISTRY,  for  the  use  of  Stodeota  of 

Mendicine      hi  one  12mo.  volume  of  522  pages,  with  36  engravings.     Cloth,  $2.     Set 
Sttuientji'  St'rwA  uf  Mmiiitih„  page  14 

LYMAN  I  HENRY  M.  ;•.     THE  PRACTICE  OF  MEDICINE     In  one  very  luud- 

sorae  i^tavo  volume  of  Vf26  pngea  with  170  engraving     Cloth,  f4.76;  leather,  $5.75. 

LTONB  (ROBERT  D.).  A  TREATISE  ON  FEVER,  In  one  octavo  volume  of  S«3 
pagea.     Cloth,  $2.2-'). 

MACKENZIE   (JOHN  NOLAND).      THE  DISEASES  OF  THE  NOSE  AND 

THROAT     In  one  handsome  oetuvo  volume  of  ubout  000  pages,  richly  illustrated. 
Prefxtrintj, 

BIAISCH    (JOHN  MJ.    .4   MANUAL    OF  ORGANIC  MATERIA    MEDICA, 

New  (7th)  edition,  thoroughly  revised  by  H.  C.  C.  Mair-h,  Ph.O.,  Ph.D.     In  on©  tc«7 
handsome  12[no,  of  >>12  pages,  with  2S5  engravings.     Cloth,  ^2.'>0|  ^iW,     ,/tuu  rfitfy^ 

MANUALS.  Bee  Studenid  Qitii  SeritM,  page  14,  Sttuknt^  Series  t^  Manuah,  page  14,  and 
Series  o/  Chni^J  Manual^  page  13. 

MARSH  (HOWARD).  DISEASES  OF  THE  JOINTS,  In  one  12nio.  ^lume  of 
468  pages,  with  (i4  engravings  and  a  colored  plate.  Cloth,  $2.  See  Sentii  nf  CUmml 
MatmaUf  page  13. 

MARTIN  (EDWARD.)  SURGICAL  DIAGNOSIS,  rine  I2mo.  volume  of  400 
pagt^,  richly  iliu.strated.     Preparing. 

MAY  (0.  HJ.  MANUAL  OF  THE  DISEASES  OF  WOMEN.  For  the  use  of 
Students  and  Practitioners.  Second  edition,  revised  by  L.  S.  Rav,  M.,D.  In  one  12nMX 
volume  of  3(i0  pages,  with  31  engravingw.     Cloth,  $1.75. 

MEDICAL  NEWS  POCKET  FORMULARY.    See  page  I. 

MITCKJLL  (JOHN  K).  REMOTE  CONSEQUENCES  OF  INJURIES  OP 
NERVES  AND  THEIR  TREATMENT.  In  one  handaome  12mo.  Tolumo  of  239 
pages,  with  12111  ustrations.     (.1  ot h  ^ 1 .  75. 

MITCHELL  (S.  WEIR1  CLINICAL  LESSONS  ON  NERVOUS  DISE.ISE& 
In  one  very  handsome  12mo.  volume  or2^»9  pagesr,  with  17  engravings  and  2cotorpd  plates. 
Cloth,  $2.50.  Of  the  one  hundred  numbered  copies  with  the  Author^a  signed  title 
pa^  a  few  remain  ;  these  are  offered  in  green  cloth,  gilt  top,  at  !^3.50,  net. 
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MORRIS  (MALCOLM).  DISEASES  OF  THE  SKIK  N^w  (2d)  edition.  In  one 
12mo.  volume  of  601  pages,  with  10  chromo-lithographic  plates  and  26  engravings. 
Just  ready,     aoth,  $3.25,  net, 

MULLER  (J.).  PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY.  In  one 
large  8vo.  volume  of  623  pages,  with  538  engravings.    Cloth,  $4.50. 

MUSSER  (JOHN  H.).  A  PRACTICAL  TREATISE  ON  MEDICAL  DIAG- 
NOSISf  for  Students  and  Physicians.  New  (2d)  edition.  In  one  octavo  volume  of 
931  pages,  illustrated  with  177  engravings  and  11  full-page  colored  plates.  Cloth,  $5; 
leather,  $6. 

NATIONAL  DISPENSATORY.    See  SHIU,  Maiach  &  Caspari,  page  14. 

NATIONAL  FORMULARY.  See  StUU,  Maieeh  &  CagparUa  National  Diepeneaiory, 
page  14. 

NATIONAL  MEDICAL  DICTIONARY.    See  BUlingB,  page  3. 

NETTLESHIP  (E.).  DISEASES  OF  THE  EYE.  New  (5th)  American  from  sixth 
English  edition.  Thoroughly  revised.  In  one  12mo.  volume  of  521  pages,  with  161 
engravings,  2  colored  plates,  test-types,  formulae  and  color-blindness  test  Cloth,  $2.25. 
Jvst  ready. 

NORRIS  (WM.  F.)  AND  OLIVER  (CHAS.  A.).  TEXT-BOOK  OF  OPHTHAL- 
MOLOOY.  In  one  octavo  volume  of  641  pages,  with  357  engraving  and  5  colored 
plates,     aoth,  $5 ;  leather,  $6. 

OWEN  (EDMUND).  SURGICAL  DISEASES  OF  CHILDREN.  In  one  12mo. 
volume  of  525  pages,  with  85  engravings  and  4  colored  plates.  Cloth,  $2.  See  iSeries  q^ 
Clinical  Manwcds,  page  13. 

PARK  (ROSWELL),  Editor.  A  TREATISE  ON  SURGERY,  by  American  Authors. 
For  Students  and  Practitioners  of  Surgery  and  Medicine.  In  two  magnificent  octavo 
volumes.  Vol.  I.,  General  Surgery,  799  pages,  with  356  engravings  and  21  full-page  plates 
in  colors  and  monochrome.  Vol.  II.,  Special  Surgery,  796  pages,  with  451  engnivings 
and  17  full-page  plates  in  colors  and  monochrome.  (Complete  work  now  ready.  Price  per 
volume,  clotn,  $4.50;  leatherj  $5.50,  neL 

PARK  (WILLIAM  H.).  BA  CTERIOLOO  Y  IN  MEDICINE  AND  SURGER  Y. 
12mo.,  about  500  pages,  fully  illustrated.     In  press  I 

PARRY  (JOHN  S.).  EXTRA-UTERINE  PREGNANCY.  ITS  CLINICAL 
HISTORY,  DIAGNOSIS,  PROGNOSIS  AND  TREATMENT.  In  one  octavo 
volume  of  272  pages.    Cloth,  $2.50. 

PARVIN  (THEOPHILUS).  THE  SCIENCE  AND  ART  OF  OBSTETRICS. 
Third  edition  In  one  handsome  octavo  volume  of  677  pages,  with  267  engravings  and 
2  colored  plates.     Cloth,  $4.25 ;  leather,  $5. 25. 

PEPPER'S  SYSTEM  OF  MEDICINE.    See  page  2. 

PEPPER  (A.  J.).  SURGICAL  PATHOLOGY.  In  one  12mo  volume  of  511  pages, 
with  81  engravings.    Cloth,  $2.    See  Student^  Series  of  Manuals,  page  14. 

PICK  (T.  PICKERING).  FRACTURES  AND  DISLOCATIONS.  In  one  12mo. 
volume  of  530  pages,  with  93  engravings.    Cloth,  $2.    See  Series  of  Clinical  Manuals,  p.  13. 

PLAYFAIR   (W.  S.).    A  TREATISE  ON  THE  SCIENCE  AND  PRACTICE 
OF  MIDWIFERY.    New  (7th)  American  from  the  Ninth  English  edition.     In  one 
octavo  volume  of  700  pages,  with  207  engravings  and  7  full  page  plates.     Cloth,  $3.75,  net; 
leather,  $4.75,  neL    Just  Ready. 

THE  SYSTEMATIC  TREATMENT  OF  NERVE  PROSTRATION  AND 


HYSTERIA.    In  one  12mo.  volume  of  97  pages.    Cloth,  $1. 
POCKET  FORMULARY.    See  page  1. 
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POLITZER  (ADAM).  A  TEXT-BOOK  OF  THE  DISEASES  OF  THE  EAM 
AND  ADJACENT  GROANS.  Second  Amexican  from  the  third  German  edittoa. 
Translated  by  Oscar  I>odi>,  M.D  ,  and  edited  by  Sir  William  Dax.by,  F-K^CS-  In 
one  octavo  volume  of  748  pages,  with  330  original  engrayings. 

POCKET  FORMULABY.    See  page  1. 

POWER   (HENEY).     HUMAN  PHYSIOLOGY.     Second  ediUon.     In  one  12dio* 

volume  of  3^6  pages,  with  47  engravings.     Clothj  |L50.     S^  Stwienft  Seriet  of  Mm 
page  14. 

PROaEESSIVB  MEDICINE.    See  page  h 

PURDY  (CHARLES  W.).  B EIGHTHS  DISEASE  AND  ALLIED  AFFEC- 
TIONS OF  THE  KIDNEY.  In  one  octavo  volume  of  288  pages,  with  18  engrar- 
ings.     Cloth,  $2. 

PYESMITH  I  PHILIP  HJ.    DISEASES  OF  THE  SKIN    In  one  12nio,  Tolom 

of  407  pages,  with  28  illustrationfi,  18  of  which  are  colored.     Cloth,  $2. 

QUIZ  SERIES,    See  Sbtdcnti^  Quiz  Smea,  page  14 

RALFE   (CHARLES  H,),     CLINICAL   CHEMISTRY.    In  one  ISmo.  volume  of 

314  page^,  vi-ith  16  engravings.     Cloth,  $1.50.     See  Student^  Senu  of  Manuals,  pB^  14. 

RAMSBOTHAM  < FRANCIS  H.),     THE  PRINCIPLES  AND  PRACTICE  OF 

OBSTETRIC  MEDICINE  AND  SURGERY,  In  one  imperial  octavo  folmne  of 
640  pagefi,  w-ith  64  plates  and  numerous  engravings  in  the  text.  Strongly  bonnd  in 
leather,  ^1. 

REICHERT   (EDWARD  T.i.     A    TEXT-BOOK   ON  PHYSIOLOGY.     In  cm 

handsome  octavo  volume  of  about  8CM)  pages,  rich!y  illustrated.      FSrparing^ 

REMSEN  (IRA).  THE  PRINCIPLES  OF  THEORETICAL  CHEMISTBT. 
New  (5th)  edition,  thoroughly  revl*ied.     In  one  12roo,  volume  of  326  pages.     Cloth,  t%. 

RICHARDSON   (BENJAMIN  WARD).    PREVENTIVE  MEDICINE.    In  one 

octavo  Vf-fkime  of  729  pagc*^.     Cloth,  5^4;  leather,  $5. 

ROBERTS  (JOHN  BJ.     THE  PRINCIPLES  AND  PRACTICE  OF  MODSBH 
SUROERY.     In  one  octavo  volume  of  780  pages,  with  501  engravings.     Cluth,  $4J 
leather,  $5.50* 

THE  COMPEND  OF  ANATOMY.     For  use  in  the  Dieeecting  Roon 

preparing  for  Examinations,     In  one  16mo.  volume  of  196  pages.     limp  cloth, 

ROBERTS  (SIR  WILLIAM),  A  PRACTICAL  TREATISE  ON  URINAEf 
AND  RENAL  DISEASES,  INCLUDING  URINARY  DEPOSITS,  Fmith 
American  from  the  fuurth  London  edition.  In  one  very  handsome  8to.  rolume  of  609 
pages,  with  81  illustrations.     Cloth,  $3.50. 

ROBERTSON  (J.  McGREGOR).  PHYSIOLOGICAL  PHYSICS.  !p  one  l&iko 
voltixne  of  537  page^,  with  219  engravingf^.  Cloth,  $2.  iiee  Stwdmitf  S^rim  of  MammaU^ 
pag9l4. 

ROSS  (JAMES).  .1  HANDBOOK  OF  THE  DISEASES  OF  THE  NERVOUS 
SYSTEM.  In  one  handsome  octavo  vohime  of  726  page^  mth  184  engravings.  CloUit 
$4.5(J;  leather,  1>5., 50 

SAVAGE  <GEOEGEH.).  INSANITY  AND  ALLIED  NEUROSES,  PRACTI- 
CAL AND  CLINICAL.  New  (2d)  and  enlarged  edition.  In  one  12ma  volitnM ot 
551  pages,  with  18  typical  engravings.  Cloth,  $2,    See  Senes  of  Cdnusal  MotmaU,  pag«  IS. 

8CHAFER  ( EDWARD  A . ) .  THE  ESSENTIA  LS  OF  HISTOL  00  Y,  DESCRIP^ 
TIVE  AND  PRACTICAL.  For  the  use  of  Students.  New  (5th)  editioQ.  la  oiw 
handsome  octavo  volume  of  350  pages,  with  325  illuBtratioiia.    Cloth,  $S,  fi^C    Jittt  i 

In 
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A  COURSE  OF  PRACTICAL  HISTOLOGY     New  (2d)  edition. 

12mo.  volume  of  307  pages,  with  59  engravings.     Cloth,  $2.25. 
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SOHLEIP  (WILLIAM).  MATERIA  MEDICA,  THERAPEUTICS,  PRE- 
SCRIPTION  WRITING,  MEDICAL  LATIN  AND  MEDICAL  PHARMACY. 
12mo.  of  362  pages.  Cloth,  $1.50,  net.  Just  ready.  Lec^s  Series  of  Pocket  Text-Books. 
Edited  by  Bern  B.  Gallaudet,  M.D. 

80HMITZ  AND  ZUMPT'S  0LA88I0AL  SERIES. 

ADVANCED  LATIN  EXERCISES     Cloth,  60  cents;  half  bound,  70  cents. 
SCHMITZ'S  ELEMENTARY  LATIN  EXERCISES.    Cloth,  60  cents. 
SALL  UST.    Cloth,  60  cents ;  half  bound,  70  cents. 
NEPOS.    Cloth,  60  cents ;  half  bound,  70  cents. 
VIRGIL.    Cloth,  86  cents ;  half  bound,  $1. 
CURTIUS.    Cloth,  80  cents ;  half  bound.  90  cents. 

SOHOFIELD  (ALFBED  T.).  ELEMENTARY  PHYSIOLOGY  FOR  STU- 
DENTS. In  one  12mo.  volume  of  380  pages,  with  227  engravings  and  2  colored  plates. 
Cloth,  $2. 

SOHBEIBEB  (JOSEPH).  A  MANUAL  OF  TREATMENT  BY  MASSAGE 
AND  METHODICAL  MUSCLE  EXERCISE.  Transkted  by  Walter  Mendel- 
son,  M.D.,  of  New  York.  In  one  handsome  octavo  volume  of  274  pages,  with  117  fine 
engravings. 

SENN  (NICHOLAS).  SURGICAL  BACTERIOLOGY.  Second  edition.  In  one 
octavo  volume  of  268  pages,  with  13  plates,  10  of  which  are  colored,  and  9  engravings. 
Cloth,  $2. 

SERIES  OF  OLINIOAL  MANUALS.  A  Series  of  Authoritative  Monographs  on 
Important  Clinical  Subjects,  in  12mo.  volumes  of  about  660  pages,  well  illustrated.  The 
following  volumes  are  now  ready:  Yeo  on  Food  in  Hedth  and  Disease,  new  (2d) 
edition,  $2.60;  Carter  and  Frost's  Ophthalmic  Surgery,  $2.26*  Hutchinson  on 
Syphilis,  $2.26;  Marsh  on  Diseases  of  the  Joints,  $2;  Owen  on  Surgical  Diseases  of 
Children,  $2 ;  Pick  on  Fractures  and  Dislocations,  $2 ;  Butlin  on  the  Tongue,  $3.60 ; 
and  Say  AGS  on  Insanity  and  Allied  Neuroses,  $2. 
For  separate  notices,  see  under  various  authors'  names. 

SERIES  OF  STUDENTS'  MANUALS.    See  next  page. 

SIMON   (CHARLES  E.).     CLINICAL  DIAGNOSIS,  BY  MICROSCOPICAL 
AND  CHEMICAL  METHODS.     New  (2d)  and  revised  edition.     In  one  handsome 
octavo  volume  of  630  pages,  with  135  engravings  and  14  full-page  plates  in  colors  * 
and  monochrome.    Cloth,  $3.60. 

SIMON  (W.).  MANUAL  OF  CHEMISTRY.  A  Guide  to  Lectures  and  Laboratory 
Work  for  B^^inners  in  Chemistrv.  A  Text-book  specially  adapted  for  Students  of  Phar^ 
macy  and  Medicine.  New  (6tn)  edition.  In  one  8vo.  volume  of  636  pages,  with  46 
engravings  and  8  plates  showing  colors  of  64  tests.     Cloth,  $3.00,  neL    Just  Ready. 

SLADE(D.D.).  DIPHTHERIA;  ITS  NATURE  AND  TREATMENT.  Second 
edition.     In  one  royal  12mo.  volume,  168  pages.     Cloth,  $1.26. 

SMITH  (EDWARD).  CONSUMPTION;  ITS  EARLY  AND  REMEDIABLE 
STAGES.     In  one  8vo.  volume  of  263  pages.     Cloth,  $2.26. 

SMITH  (J.  LEWIS).  A  TREATISE  ON  THE  DISEASES  OF  INFANCY 
AND  CHILDHOOD.  New  (8th)  edition,  thoroughly  revised  and  rewritten  and 
greatly  enlarged.  In  one  large  8vo.  volume  of  983  pages,  with  273  illustrations  and 
4  full-page  plates.     Cloth,  $4.60 ;  leather,  $6.60. 

SMITH  (STEPHEN).  OPERATIVE  SURGERY.  Second  and  thoroughly  revised 
edition,     in  one  octavo  vol.  of  892  pages,  with  1005  engravings.     Cloth,  $4;  leather,  $5 

SOLLY  (S.  EDWIN).  A  HANDBOOK  OF  MEDICAL  CLIMATOLOGY. 
In  one  handsome  octavo  volume  of  462  pages,  with  engravings  and  11  full-page  plates, 
6  of  which  are  in  colors.     Cloth,  $4.00. 

STILLE  (ALFRED).  CHOLERA;  ITS  ORIGIN,  HISTORY,  CAUSATION, 
SYMPTOMS,  LESIONS,  PREVENTION  AND  TREATMENT.  In  one  12mo. 
volume  of  163  pages,  with  a  chart  showing  routes  of  previous  epidemics.     Cloth,  $1.26. 
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8TILLE  I  ALFRED).     THERAPEUTICS  AND  MATERIA  MEDIC  A,     Fouiik 

and   revised  edidon.     In   two   octAvo   volumes,  contaimog   1936   pages..        CJotb,    $10; 
leather,  $12. 

STUiLE   (ALFEEDi,  MAISCH   (JOHN   M,)  AND   CASPAEI   (CHAS.    JB.). 

THE  NATfOXAL  DISPENSATORY:  <  on  taiuing  the  Natural  llLstory,  Chcmiirtrj, 
Pharmacy,  Actions  aiid  Uses  of  Medieiney,  including  those  recognized  in  the  latest  Phaj^ 
inaa>r)ceia8  of  the  United  States^  Great  Britian  and  Grermanjr,  with  nameroiis  referenom 
to  the  French  Codex.  Fifth  edition,  re  visaed  and  enlarged  in  accordance  with  and  em- 
bradng  the  new  U.  S.  Pharmaeopoeiat  Serenth  Decennial  Kevifiion.  With  Suppletnent 
containing  the  new  edition  of  the  Natio7i<jd  Formidanf,  In  one  magnificent  imperiaJ 
octavo  volume  of  2025  pages,  with  320  engravings  Cloth,  $7,25;  leather,  $8.  With 
ready  reference  Thumb-letter  Index.     Cloth,  |7. 75;  leather,  $8.50. 

STIMSON  (LEWIS  A.).     A   MANUAL   OF  OPERATIVE  SURGERY.     New 

(3d)  edition.    In  one  royal  12rao.  volume  of  614  pagea,  with  JiOG  engravings.   Cloth,  $3.75, 

^—^  A  TREATISE  ON  FRACTURES  AND  DISLOCATIONS.  In  one  hand- 
some octavo  volume  of  831  pages^  with  326  engravings  and  20  full-page  plates,  Jtutf 
rmtly.     Cloth,  ^5  ;  lent  her,  $<>,  mi. 

STUDENTS'  QUIZ  SERIES.  A  New  Series  of  Manuals  in  question  and  anawcr  for 
Students*  and  Praeiitioners,  covering  the  essentials  of  medical  science.  Thirteen  voliimea, 
pocki't  site^  ♦convenient,  authoritative,  well  ilhiHtrated,  hand^^omely  bound  in  limp  cloth, 
and  issued  at  a  low  price  1.  Anatomy  (double  number);  2.  Physiology';  3.  Chemistry 
and  Physics;  4.  Histology,  Pathologj 'and  Bacteriology;  5.  Materia  Mediea  and  Thera- 
peutics; 6.  Practice  of  Medicine;  7.  Surgery  (donble  number);  8.  Genito-Urinary  and 
Venereal  Diaeajsea;  9,  Difteajses  of  the  Sfin ;  10.  Diseases  of  the  Eye,  Ear,  Throat  and 
Nose;  11.  Obstetrics;  12.  Gynecology';  13.  Diseases^  of  Children.  Price,  $1  each,  except 
No«.  1  and  7,  Armimnif  and  Svrqery,  which  Ijeing  double  numbers  are  priced  at  $1.75  cacti. 
Full  specimen  circular  on  application  to  publialiers?. 

STUDENTS'  SERIES  OF  MANUALS.  A  Series  of  Fifteen  Manuals  by  Eminent 
Teachers  ur  Kxmniiiers.  The  volumes  are  pocket-size  12mos.  of  from  300-540  pages  pro- 
fusely illustrated,  and  bound  in  red  limp  cloth.  The  following  volumes  may  now  lie 
announced:  Hehman'j*  FJrt^t  Lines  in  Midwifery,  ?1. 25;  Lltff'8  Manual  of  Chemifstry, 
$2 ;  Bkcck'k  Materia  Mediea  and  Thenipeutics  (sixth  eflition),  $1.50,  nei ;  Beix's  Compan- 
live  Anatomy  and  Physiology,  $2 ;  Robketson's  Physiological  Ph3r«ics,$2;  GoiTLX»'e  Sur* 
gical  Diii*?notiiH,  ^2\  Klein's  Elements  of  Histology  <5th  edition),  12.00,  nei;  Peppkr*» 
Surgical  Pathology-,  f'2;  Treves'  Surgical  Applied  Anatomy,  $2;  Power's  Human 
Physiology  i2d  eiiiom,  $L50;  Rau^ic's  Clinical  Chemistry, *|  1.50;  and  Clarke  and 
LocKW^xuVs  Dissect or*s  Manual,  1^1.50  « 

For  separate  notices,  see  under  various  authors'  namea. 

STURGES  iOOTAVIUSK  AN  INTRODUCTION  TO  THE  STUDY  OF  CLIN- 
ICAL MEDICINE.     In  one  ]2mo.  volume.     Cloth,  |L25. 

SUTTON    (JOHN    BLAND).     SURGICAL   DISEASES   OF    THE   OVARIES 

AND  FALLOPIAN  TUBES.     Including  Abdominal  Pregnancy.     In  one  12nio.  vol* 
ume  of  513  pag^  with  119  engravings,  and  5  colored  plates.     Cloth,  $3. 

TUMORS,  INNOCENT  AND  MALIGNANT    Their  Clinical  Feature  aod 

Appropriate  Treatment,     In  one  8vo.  volume  of  520  pages,  with  250  engniirixigH  and 
9  full-page  plat^. 

TAIT  iLAWSONK    DISEASES  OF  WOMEN  AND  ABDOMINAL  SURGERY, 

In  two  li!in<i-ome  octavo  volumes.     Vol.    L    contains  554  pageR,  62  engravinga,  and  8 
plates,     Ili)th,  $3. 

TANNER  (THOMAS  HAWKES).  ON  THE  SIGNS  AND  DISEASES  OF 
PRE6NA  NC  V.    From  the  second  Engli.Hh  ed ition.    In  one  octavo  volume  of  490  ptgm, 

with  4  colored  plates  and  I(>  engravings.     Cloth,  14.25. 

TAYLOR  (ALFRED  S,).  MEDICAL  JURISPRUDENCE,  New  Ameriam 
from  the  twelfth  English  edition,  specially  revised  by  Ci.ark  Bei^  Esq.,  of  tlie  N.  V, 
Bar,  In  one  octavo  volume  of  831  pages,  with  54  engravings  and  8  fuli-pag«  platen 
Cloth,  HM);  leather,  |i5, 50, 
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TATLOB  (ALFBED  S.).  ON  POISONS  IN  RELATION  TO  MEDICINE 
AND  MEDICAL  JURISPRUDENCE,  Third  American  from  the  third  London 
edition.  In  one  8vo.  volome  of  788  pages,  with  104  illustrations.  Cloth,  $5.50; 
leather,  $6.50. 

TATLOB  (BOBEBT  W.).  THE  PATHOLOGY  AND  TREATMENT  OF 
VENEREAL  DISEASES.  New  (2d)  edition.  Jn  one  very  handsome  octavo  volume 
of  about  700  pages,  with  200  engravings  and  6  colored  plates.    In  press. 


A  PRACTICAL  TREATISE  ON  SEXUAL  DISORDERS  IN  THE  MALE 

AND  FEMALE,    In  one  octavo  volume  of  448  pages,  with  73  engravings  and  8  plates. 
Cloth,  $3.     Net     Just  ready, 

A    CLINICAL   ATLAS    OF    VENEREAL   AND    SKIN    DISEASES, 


Including  Diagnosis,  Prognosis  and  Treatment.  In  eight  large  folio  parts,  measuring 
14  X  18  inches,  and  comprising  213  beautiful  figures  on  58  full-page  chromo-lithographic 
plates,  85  fine  engravings,  and  425  pages  of  text.  Complete  work  now  ready,  race  per 
part,  sewed  in  heavy  embossed  paper,  $2.50.  Bound  in  one  volume,  half  Russia,  $27 ; 
naif  Turkey  Morocco,  $28.  For  sale  by  sMbscnptUm  only.  Address  the  publishers.  Spec- 
imen plates  by  mail  on  receipt  of  10  cents. 

TATLOB  (SETMOUB).  INDEX  OF  MEDICINE,  A  Manual  for  the  use  of  Senior 
Students  and  others.    In  one  large  12mo.  volume  of  802  pages.     Cloth,  $3  75. 

THOMAS  (T.  QAILLABD)  AND  MUNDE  (PAUL  P.).  A  PRACTICAL 
TREATISE  ON  THE  DISEASES  OF  WOMEN.  Sixth  edition,  thoroughly 
revised  by  PAUii  F.  Munde,  M.D.  In  one  large  and  handsome  octavo  volume  of  824 
pages,  with  347  engravings.  Cloth,  $5 ;  leather,  $6. 

THOMPSON  (SIB  HENBT).  CLINICAL  LECTURES  ON  DISEASES  OF 
THE  URINARY  ORGANS.  Second  and  revised  edition.  In  one  octavo  volume  of 
203  pages,  with  25  engravings.    Cloth,  $2.25. 

THE  PATHOLOGY  AND  TREATMENT  OF  STRICTURE  OF  THE 

URETHRA  AND  URINARY  FISTULA,  From  the  third  English  edition.  In 
one  octavo  volume  of  359  pages,  with  47  engravings  and  3  lithog^phic  plates.  Cloth, 
$3.50. 

THOMSON  (JOHN).  A  GUIDE  TO  THE  CLINICAL  EXAMINATION  AND 
TREATMENT  OF  SICK  CHILDREN.  In  one  crown  octavo  volume  of  350  pages 
with  52  illustrations.     Cloth,  $1.75,  net.     Just  ready. 

TODD  (BOBEBT  BENTLET).  CLINICAL  LECTURES  ON  CERTAIN 
ACUTE  DISEASES.     In  one  8vo.  volume  of  320  pages.    Cloth,  $2.50. 

TBEVES  (FBEDEBIOK).  OPERATIVE  SURGERY,  In  two  8vo.  volumes  con- 
taining 1550  pages,  with  422  illustrations.    Cloth,  $9;  leather,  $11. 


A  SYSTEM  OF  SURGERY.  In  Contributions  by  Twenty-five  English  Sur- 
geons. In  two  large  octavo  volumes,  containing  2298  pages,  with  950  engravings  and 
4  full-page  plates.    Per  volume,  cloth,  $8. 


THE  STUDENTS'  HANDBOOK  OF  SURGICAL  OPERATIONS.    In 

one  12mo.  volume  of  508  pages,  with  94  illustrations. 

SURGICAL   APPLIED   ANATOMY.     In  one  12mo.  volume  of  583  pages. 


with  Gl  engravings.     Cloth,  $2.    See  Student^  Series  of  Manuals,  page  14. 

TXJKE  (DANIEL  HACK).  THE  INFLUENCE  OF  THE  MIND  UPON  THE 
BODY  IN  HEALTH  AND  DISEASE.  Second  edition.  In  one  8vo.  volume  of 
467  pa^es,  with  2  colored  plates.     Cloth,  $3. 

VAUOHAN  (VICTOB  C.)  AND  NOVT  (PBEDEBICK  O.).  PTO MAINS, 
LEUCOMAINS,  TOXINS  AND  ANTITOXINS,  or  the  Chemical  Factore  in  the 
Causation  of  Disease.     Third  edition.    In  one  12mo.  volume  of  603  pages.     Cloth,  $3. 
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VISITINO  LIST.  THE  MEDICAL  NEWS  VISITING  LIST  for  1899.  Four 
styles:  Weekly  (dated  for  30  patients);  Monthly  (undated  for  120  patients  per  moDt^); 
Perpeto&L  (undated  for  30  patients  each  week) ;  and  Perpetual  (undaled  for  60  pftticBCt 
eac£  week).  The  r>0-patient  book  consists  of  266  pages  of  assorted  blanks.  'The  ^nt^ 
three  styles  contain  32  pages  of  important  data,  thoroughlv  revised,  and  160  pages  of 
assorted  blanbj.  Eaoh  in  one  volume,  price,  $1  25.  With  tliumb-letter  index  (or  quick 
use,  25  cents  extra.  SpeciaJ  rates  to  aclvance-paving  Kubscribers  to  The  Miidicai^  >ijew8 
or  The  Amkricak  Joitrxal  op  thk  MeuioaL  Sciences,  or  both     Seepage  1, 

WATSON   (THOMAS).    LECTURES  ON  THE  PRINCIPLES  AND   PRAO- 

TICE  OF  PHYSIC.  A  new  American  from  the  fifth  and  enliirged  English  edition, 
with  additiona  by  H.  Habtshobne,  M.D.  Id  two  large  8vo.  Tolames  of  lb40  pagcR,  with 
190  engravings.  '  Cloth,  |9;  leather,  $11. 

WEST  (CHARLES).  LECTURES  ON  THE  DISEASES  PECULIAR  TO 
WOMEN.  Third  American  from  the  third  Engliiih  edition.  In  one  octavo  volume  of 
543  pages.     Cloth,  ^3.75;  leather,  $4.75. 

ON  SOME  BISOEDERS  OF  THE  NERVOUS  SYSTEM  IN  CHILD- 


HOOD.     In  one  small  12mo.  volume  of  127  paj?es.     Cloth,  $L 

WHAETON  (HENRY  E.)*    MINOR  SURGERY  AND  BANDAGING. 

edition-     In  one  I2njo  volume  of  594  pages,  with  476  engravings,  many  of  which  mre 
photographic.     (Jloth,  $3. 

WHITLA  (WILLIAM).  DICTIONARY  OF  TREATMENT,  OR  THERA- 
PEUTIC INDEX.  Including  Medical  and  Surgical  Therapeutios.  In  one  9qasre 
octavo  volume  of  917  pages^     Cloth,  f4. 

WILLIAMS    (DAWSON).      MEDICAL    DISEASES    OF    INFANCY    AND 

CHILDHOOD.     In  one  I'imo.  volume  of  629   page?,  with  18  illustrations.     Cloth, 
$2.50,  net.     Just  readf, 

WILSON   (ERASMUS).     A   SYSTEM  OF  HUMAN  ANAT03IY,     A  new  and 

revised  American  from  the  lajst  English  edition.     Illustrated  with  397  engravings.     Id 
one  octavo  volume  of  616  pages.     Cloth,  $4 ;  leather,  $5. 

^  THE  STUDENT'S  BOOK  OF  CUTANEOUS  MEDICINE     Id  one  12mo 


volume.     Cloth,  |3  60. 

WINCKEL  ON  PATHOLOGY  AND  TREATMENT  OF  CHILDBED. 

lated  by  Jame&  R  (^hadwick,  A.M.,  M.D-     With  additions  by  the  Author.     In  one 
octavo  volume  of  484  pages.     Cloth,  $4. 

WOHLER'S  OUTLINES  OF  ORGANIC  CHEMISTRY  Translated  &om  the 
eighth  German  ^iion,  bv  Ira  Eemsen,  M.D.  In  one  12mo.  volume  of  550  pagei 
Cloth   $3 

YEAR  BOOK  OF  TREATMENT  FOR  1898.    A  Critical  Review  for  J^ractiUoner*  of 

Medicine  mid  fturgery.     li;  contribiition.s  by  24  well-known  medical  writers.     12mo.,  4HS 
page*.     Cloth,  $1  oO.' 

YEAE-BOOKS  OF  TEEATMENT  for  1892,  1893,  1896,  and  1897,  similar  to  above 

Each,  cloth,  $1,50. 

YEO  (I.  BUENEY).  FOOD  IN  HEALTH  AND  DISEASE.  New  (2d)  edition* 
In  one  12mo.  volume  of  592  pages,  with  4  engravings.  Cloth,  ^2.50.  See  S^ua  */ 
CUnkal  Manuah^  page  13. 


A  MANUAL  OF  MEDICAL  TREATMENl,  OR  CLINICAL  THERA^ 

PEUTICS.    Two  volumes  containing  1275  pa^es.     Cloth^  $5.50. 

YOUNG  (JAMES  K.).     ORTHOPEDIC  SURGERY.    In  one  8vo.  Tolumc  of  ilk 
pageH.,  with  286  illLi^traiions.     Cloth^  $4;  leather^  |5. 
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